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Xedica l  Radionuclide Commit zee and Committee on Human S tud ie s  SUBJLCT -- - 

Orig ina l ly ,  t h e  name o f  the p resen t  "Yedical Radionuclide Committee'' v a r i e d  from 
"Human Use Committee" t o  "Isotopes Committee," and sometimes "Human S t u d i e s  Commit tee . I '  

When D r .  Kniseley w a s  here he  p r e f e r r e d  " Iso topes  Committee," b u t  a f t e r  h e  l e f t  and 
Roger took over  as  Chairman of  the C o d t t e e ,  he and h i s  group gave i t  a d e f i n i t e  
name , 'Medical Radionuclide Committee. 
wh i l e  be fo re  t h e  "Committee on Human Studies"  was formed. I a m  a t t a c h i n g  a memo . 
concerning t h e  e s t ab l i shmen t  of t he  "Committee on Human Studies :  

This Commit tee  was func t ion ing  q u i t e  a 

P resen t  Members of t he  Medical Radionuclide Committee are:  

B i l l  Gibbs, Chairman 
R.  L. Hayes 
J i m  Berger 
C.  L .  EdwarZs 
K. Hubner 
D, Swartzendruber 

P resen t  Members of the Conmittee on Iiuman S tud ie s  are:  

D r .  B r i l l  (Vanderbi l t )  
D r .  Edwards 
M r .  Koons 
D r .  Lange (UT, Knoxvil le)  
D r .  Lincoln,  O W L  
D r .  S t o r e r  
Sr--Kehee-- 
(It has  been suggested that  a m i n i s t e r  r ep lace  Nelson- pending-) 

D r .  Hayes had asked m e  t o  send copies  of t h e  3-23-67 document t o  D r .  Andrews, D r .  
Edwards, and Dr. Hubner, p l u s  a copy t o  you. Roger had made some p rogres s  on the 
Coxmittee when he was Chairman, bur a f t e r  h e  l e f t  the Medical D i v i s i o n ,  B i l l  Gibbs 

l a s t  proposal  they  reviewed w a s  Iodine-125 f o r  Thyroid Scanning, March 11. If Y O U  

need anything f u r t h e r  on t h i s ,  l e t  m e  know. 

became Chairran,  a n d  I a m  n o t  knowledgeable about t h e  Committee now. ' H e  

I hope t h i s  has been h e l p f u l  ar,d n o t  confusing!  r 

- prances 
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NOTE 

This document has been compiled by the United States Atomic Energy Commission 
as an aid in the preparation of applications for byproduct material licenses to receive, 
possess, and use radiopharmaceuticals. I t  is not intended as an  interpretation of 
Commission regulations within the meaning of Section 30.5 of Title 10, Code of Federal 
Regulations, Part 30. Nothing contained in this guide may be construed as having the 
force and effect of United States Atomic Energy Commission regulations; nor as 
indicating that applications which follow the recommendations of this document 
necessarily will be approved; nor as relieving any licensee from the requirements of Title 
10, Code o f  Federal Regulations, Parts 20 and 30, or other pertinent regulations. 

This guide supersedes the previously issued booklet with the same title, dated 
November 1965. 

For sale by the Supcrintendent of Documents, U.S. Gorernment Printing Ofice. Nashington, D.C. 2OpoZ- Price 55 cents 

. _ -  . .. 
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1V 

V 

Region 111, Division of Compliance, USAEC 
799 Roosevelt Road 
Glen Ellyn, Illinois 601 37 

Region IV, Division of Compliance, USAEC 
10395 West Colfax Avenue 
Denver, Colorado 802 15 

Region V, Division of compliance, USAEC 
21 1 1 Bancroft Way 
Berkeley, California 94704 

REGION 

1 

11 

This guide describes the kinds of information to 
be submitted in applications for the possession and 
use of radiopharmaceuticals. Its use should result in 
the submission of more complete applications. The 
Commission will request additional information if 
necessary in order t o  provide reasonable assurance 
tha t  the applicant has established an adequate 
radiation safety program. (See Sec. 30.37(b) of 10 
CFR 30.) Requests for additional information delay 
final action on the application and may be avoided by 
a thorough study of Commission regulations and this 
guide prior to filing the application. 

ADDRESS 

Region I ,  Division of Compliance, USAEC 
970 Broad Street 
Newark, New Jersey 07102 
Region 11, Division of Compliance, USAEC 
Suite 815, 1-30 Peachtree St.  N.W. 
Atlanta, Georgia 30303 

T h i s  gu ide  is i n t e n d e d  only for general 
i n f o r m a t i o n  and  should not be considered a 
substitute for the applicant’s careful evaluation of the 
proposed use of byproduct material or for assuring 
t h a t  t h e  application correctly and adequately 
describes the radiation safeguards and procedures to 
be followed. 
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1. BYPRODUCT MATERIAL LICENSES FOR THE 
MEDICAL USE 

The purpose of the guide is to assist persons 
desiring to use radioactive materials in the practice of 
nuclear medicine t o  obtain a byproduct material 
license. The format of the guide has been established 
in such a way that it describes the various types of 
licenses, the types of applications which should be 
submitted to obtain a license, and the information 
which should be included in the application. 

Licenses may be issued to  institutions or to 
private practitioners. The various types of licenses 
and their characteristics are as follows: 

A. Specific Licenses issued to institutions.* 

Specific licenses issued to institutions specify the 
radioisotopes and the clinical uses which can be 
performed by physicians named on the institution’s 
license. The regulations in Section 3 . 1  I(b) of 10 
CFR 35 require that an institutional licensee have a 
medical isotope committee to evaluate all proposals 
for clinical research, diagnostic, and therapeutic uses 
o f  r a d i o i s o t o p e s  w i t h i n  the institution. The 
physicians named on the institution’s license conduct 
their programs with the approval of the isotopes 
committee. Institutional licenses provide a means 
w h e r e b y  n o n a p p r o v e d  phys ic ians  under the 
supervision of physicians named on the license may 
obtain basic and clinical radioisotope training and 
experience which may enable them to qualify as 
individual users. Acceptable physician training and 
e x p e r i e n c e  f o r  t h e  well established uses of 
radioisotopes in medicine are outlined in appendix C. 

B. Broad medical licenses issued to  institutions. , -i .-..e .,n_- .. . .. . -. .: . -. , . _ _  _.) . - .  ; , 

Broad medical licenses, i.e., licenses authorizing 
multiple quantities and types of byproduct material 
for unspecified uses, are issued t o  institutions which 
(1) have had previous experience operating under a 
specific institutional license and ( 2 )  are eno,aged in 
medical research, as well as routine diagnosis and 

*While die “Specific I’ licenscs and the “Broad” licenses 
referred to  in paragraphs A und B are both specific licertres. 
for  prrrpascs Of simplicity in thir guide only. rhe former will 
be referred to as a specific license. 

OF ISOTOPES 

therapy using radioisotopes. Such programs operate. 
u n d e r  t h e  supervision of a medical iq topes ,  
committee, No physicians are named as individual 
users on the license, nor are radioisotopes limited to 
spec i f i ed  uses .  A s  i s  the case with specific 
institutional licenses, physicians may obtain basic and 
clinical radioisotope training and experience in the 
use of radiopharmaceuticals in such programs. Since 
this type of license is not appropriate for most 
institutions using byproduct material in medical 
programs and is discussed in a licensing guide dealing 
specifically with broad licenses now in preparation, 
no  further specific mention will be made of the brozd 
license in this guide. 

C. Specific licenses issued to physicians for their 
private practice. 

Licenses issued to  physicians for private practice 
specify the types of isotopes and the clinical uses 
which may be performed by the physician to whom a 
license is issued. Usually, private practitioners to 
whom such licenses are issued are located in offices 
not on hospital premises. However, this type of 
license may be appropriate for a physician who 
conducts a private practice in institutional facilities. 
It is not required that a medical isotopes committee 
be formed. The private practice license does not 
permit other physicims to obtain basic and clinical 
radioisotope training and experience under it. These 
licenses are limited to well established uses of 
byproduct materials and required that the physician 
so licensed personally conduct the program. Section 
35.12, 10 CFR 3.5, outlines specific requirements for 
this type of license. 

D. General license for certain diagnostic uses. 

The general license provided in Section 353  1, 10 
CFR 35, authorizes the registrant physician to possess 
and use limited quantities of prepackaged individual 
doses of iodine 131 for messurement of thyroid 
uptake: iodine 125 and iodine 131 for blood and 
plasma volume determinations; cobalt 60 and cobalt 
58 for intestinal absorption of cyanocobalamin; and 

I 
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2 AEC LICENSING GUIDE 

chromium 51 for red blood cell volume and survival 
time determinations. Section 35.3 1 explains the 
gene ra l  l i cense  requirements and requires the 
physician to register with the Commission prior to 
receiving or using the diagnostic radiopharrnaceu ticals 
cove red. 

E. Specific licenses for the teletherapy use of 
r a d i o i s o t o p e s .  S e e  licensing guide “AEC 
Licensing Guide-Teletherapy Programs.” These 
are not discussed herein. 

Over 90 percent of the licenses issued for the 
medical use of radioisotopes are specific licenses to 
institutions or specific licenses to physicians for their 
private practice. Accordingly, this guide is orientated 
toward the needs of these persons. Refer to appendix 
A for samples of such specific licenses issued to  
institutions and specific licenses issued t o  physicians. 
Note that conditions placed on the licenses vary 
somewhat depending on whether it is an institutional 
or private practice license and depending on  the scope 
of the license. 

1 0 4 8 4 9 1  



II. FILING A N  

An appljcation for medical uses of byproduct 
m a t e r i a l  m u s t  be  filed in duplicate on the 
“Application for Byproduct Material License,” Form 
AEC-313. In addition, Form AEC-313amust be fded 
in duplicate for each physician. The application 
forms, with supporting documents, should be mailed 
t o  t h e  Materials Branch, Division of Materials 
L icens ing ,  U.S. A t o m i c  Energy Commission, 
Washington,  D.C., 10545. Item l(a) of Form 
A E C - 3 1 3  m u s t  n a m e  t h e  pe r son  (hospital, 
corporation, partnership, individual, etc.) who will be 
responsible, as the licensee, for assuring that the 
byproduct material is used in compliance with the 
conditions of the license and with the Commission’s 
regulations and the Act. For institutions such as 
medical schools or hospitals, the applicant will 
usually be the hospital, medical center, clinic, etc. 
The name of the applicant must be entered both in 
items l(a) and 16 of the Form AEC-313 and the 
application must be signed by the applicant, or, if the 
applicant is an institution, by an individual who is 
authorized to  sign on behalf of the institution. Where 
a hospital is rhe applicant, the hospital administrator 
is normolly the individual who signs the application. 

A physician requesting use of byproduct material 
in private practice or under contract with an 
institution should be the applicant; his name should 

APPLICATION 

be stated in items l(a) and 16, and the application 
should be signed by the physician. In case two or 
more physicians are in a partnership, items l(a) and 
16 should state the name of the partnership and bear 
the signatures of the partners or the signature of an 
individual authorized t o  sign on behalf of the 
partnershp. 

A p p l i c a t i o n s  f o r  amendments to existing 
byproduct material licenses are also filed on the Form 
AEC-313 and the Form AEC-313a. The application 
for amendment should be completed and signed in 
the same manner as an initial application except that 
p e r t i n e n t  i n f o r m a t i o n  submitted on previous 
applications may be incorporated by reference. The 
license number of the license to be amended should 
be clearly stated in the application. 

A physician applying for a diagnostic program 
under a general license must file Form A E C 4 8 2  in 
triplicate. The registration form should be mailed to  
the Materials Branch, Division of Materials Licensing, 
U.S. Atomic Energy Commission, Washingon, D.C., 
2 0 5 4 5 .  P o s s e s s i o n  a n d  u s e  o f  t h e  
radiopharmaceuticals covered in the license is not 
au thor ized  until the physician has filed Form 
AEC-482 and received from the Commission a 
validated copy of the form with a registration number 
assigned. 



111 .  INFORMATION TO BE SUBMITTED 

The information contained in an application The applicant may incorporate by reference 
must be sufficient to allow the Commission to information contained in applications, statements, 
determined that the applicant’s proposed equipment, and reports previously filed with the Commission’s 
facilities, procedures, and the training and experience Division of Materials Licensing or with the former 
of users are adequate to  protect health and minimize Division of Licensing and ~ ~ ~ l ~ ~ i ~ ~ ,  hat 
danger to life and property. Attached as appendix E 
are sample applications typical of those appropr i a t e  such reference is clear and specific, indicating the 
for most medical programs. date, page, and paragraph. 

FORM AEC-3 13 APPLICATION FOR BYPRODUCT MATERIAL LICENSE 

Irein No. 
l(a) Explained in section 11. 
1( b)Self-explanatory. If multiple addresses are to 

be used, explain the extent of use at each 
address and the facilities and equipment 
located at  each place of use. 

2 Self-explanatory. 
3 Self-explanatory. 
4 To use byproduct material in humans, an 

individual must be licensed by a State or 
territory of the United States, District of 
Columbia, or the Commonwealth of Puerto 
Rico t o  dispense drugs in the practice of 
medicine (see sec. 30.ql)  of 10 CFR 30) 
and have basic and clinical radioisotope 
training and experience commensurate with 
the proposed use of byproduct material. 
A c c e p t a b l e  training and experience is 
specified in appendix C for routine medical 
uses and appendix F for experimental or 
nonroutine uses. 

5 Self-explanatory 
6-7 List each isotope, chemical and/or physic9 

form, and possession h i t .  If the byproduct 
material is a sealed source. s u t e  the name of 
m a n u f a c t u r e r  a d  model number and 
maximum activity. Under item 7 list each 
type of norihrrmarz use requested. A specific 
authorization must be obtained from the 
AEC to  perform studies involving the use of 
byproduct material in animals. For human 
uses, refer to item 4 of the instructions for 
preparing the Form AEC-3 13. 

8-9 See appendix C for the acceptable basic 

Irem N o .  
radioisotope training for an institutional user 
or individual user in a medical radioisotope 
program. If the Radiation Protection Officer 
is not a user, list his qualifications to act as 
R a d i a t i o n  P r o t e c t i o n  Officer. If the 
Radiation Protection Officer is a user, his 
qualifications will be listed elsewhere in the 
application. 

10 List all radiation monitoring or measuring 
instruments that will be available for the 
proposed use(s) of byproduct material. This 
should include instruments for measuring 
uptake of the isotopes, assaying biologic31 
specimens, and making radiation surveys. 
The manufacturer‘s name and model number 
of each instrument should be listed with the 
number of instruments available, type of 
radiation detected (beta, gamma, etc.). the 
sensitivity range (nir/hr, cpm/, etc.), window 
thickness, if applicable, and use,  such 3s 

measuring, surveying, etc. 
Appendix G contains a list of the types 

of instruments needed for various medical 
uses of byproduct material. 

11 Self-explanatory. 
12 S t a t e  t h e  n a m e  o f  t h e  organization 

furnishng film badge service and specify the 
frequency for changing the badges. If pocket 
chambers or pocket dosimeters are used, 
indicate the useful range, frequency of 
readmg the monitoring devices. and the 
procedures for maintaining the dosimeters. 

13-14 Submit sufficiently detailed information 

5 



6 AEC LICENSING GUIDE 

I t e m  No. 
about the facilities and equipment and the 
radiation protection program to be in effect 
during use of byproduct materials to permit 
the Commission to make a determination 
t h a t  the applicant has established an 
adequate radiation safety program. The 
degree of detail required depends on the 
scope of the proposed byproduct material 
program. See appendix H for guidelines. 

15 A spec i f i c  m e t h o d  f o r  disposing of 
b y p r o d u c t  m a t e r i a l  waste should be 
submitted. A licensee may dispose of waste 
in the foliowing ways- 
(a) Transfer  to a person appropriately 

licensed to receive such waste. 
(b) Re lease  into the sanitary sewerage 

system in conformance with section 

Item No.  
20.303 of I O  CFR 20. 

(c) Burial in soil in conformance with 
section 20.304 of 10 CFR 20. 

(d) Release into the a i r  in concentrations 
conforming with section 20.106 of 10 
CFR 20. 

(e) Other methods specifically approved by 
the Commission pursuant to section 
20.302. 

Requests for incineration of byproduct 
material are handled in accordance with 
sections 20.10qb) and 20.302 and should 
i n c l u d e  t h e  i n f o r m a t i o n  outlined in 
appendix I and section 20.1 M(c) of 10 CFR 
20. 

16 Refer to section I1 

FORM AEC-3 13a,.APPLICATION FOR BYPRODUCT MATERIAL .-,_ -..-.?..--*- - .. 
LICENSE-SUPPLEMENT A-HUMAN USE 

Item No. 
1-3 Self-explanatory. 
4 When the Form AEC-313a is used in 

conjunction with Form AEC-313, state the 
clinical use and chemical form of each 
radioactive material. For item q c ) ,  see 
appendix H. 

5(a) The applicant should state the isotope, 
chemical and physical form, and dosage 
rahge for each condition to be diagnosed or 
treated.  When a byproduct material is 
proposed for both diagnosis and therapy, the 
dosage range for each should be stated 
separately. The statement of dosage is 
reviewed for appropriateness of the dose 
range rather than as a specific dosage. 

5(b)See appendix F. 
6 Self-explanatory. 
7 There should be attached either a statement 

indicating that this application has been 
reviewed by the institution’s medical isotope 
committee and stating the basis for their 
action, or a statement indicating that i t  will 
be reviewed. 

8(a) For private practice programs, state the 
name and address of the hospital(s) which 
will a d m i t  patients should it become 
necessary during or after administration of 
the radioactive material. 

8(b) For programs covering more than diagnostic 
prepackaged doses, the applicant should 

Item No. 
s u b m i t  a p p r o p r i a t e  housekeeping and 
radiological protection rules t o  be observed 
b y  i n d i v i d u a l s  w h o  m u s t  h a n d l e  
radioisotopes or care for patients treated 
w i t h  radioactive pharmaceuticals. Where 
appropriate,  these rules should contain 
procedures pertaining to surveys, spills, 
handling of contaminated linens, precautions 
t o  be taken with visitors and hospital 
personnel, collection of urine and excreta, 
a n d  o t h e r  radiological safety measures 
tailored to specific programs and facilities. 
See appendix E for sample instructions. 

State the name and address of the physician 
in item 4 of Form AEC-313. If more than 
one physician is named in item 4 of Form 
AEC-313, a separate page 3 of Form 
AEC-3 13a (preceptor statement) must be 
submitted for each individual user. 

10 In item 1 0  (a), (b), (c) ,  and (d) ,  indicate the 
type of clinical training, the isotope used, 
condition(s) diagnosed or treated, number of 
cases observed and the number of cases 
invo lv ing  p e r s o n a l  p a r t i c i p a t i o n .  If 
additional space is needed, continue o n  page 
4 of Form AEC-3 13a. 

1 1 Self-explanatory. 
12 State the name of the physician under whom 

the clinical training was received and the 
dates of the trainee physician’s clinical 
radioisotope training. Also state the name of 

9 



I t c ~ l r r  .vo. I r t n l  No .  
the preceptor's iristitutiori a n d  iis hyproduct 
material license number. Iron 12 r 7 7 ~ t  he 
sipled b-v the p l g q s i h i ( s )  ioder  whotn tlrz 
clinical rraiiiir?,a MUS m.c+vcil. This i tc'rli may 
not be signed by the individual named in 

item 9.  
Refer to 3ppendi.u C for t h e  niininiuni 

acceptablr clinical experience for [lie well 
e s t  ablished ctiagnost ic 2nd therapeutic 11 scs 
and appendix F f o r  nonruutine USCS. 

FORM AEC-483. APPLICATION FOR REGISTRATION CERTIFIC.4TE-RIEDICAL USE OF 
BYPRODUCT MATERIAL UNDER GENERAL LICENSE 

Self-explanatory. A sample certificate is printed in Appendix A. The reverse side of the certificate contains the 
conditions and limitations of the general license. 

- -. ,-,-.. - . . *. -------I- 0 4 8 5 a I 



IV.  REQUIREMENTS OF THE REGULATIONS 

Byproduct material programs must be conducted 
in compliance with 10 CFR 20, “Standards for c. 
Protection Against Radiation”; 10 CFR 30, “Rules of 
General Applicability to Licensing of Byproduct D. 
Material”; 10 CFR 35, “Human Uses of Byproduct 
Material”; the following listed specific requirements E. 
in these regulations are not nonnally submitted with 
the application; however. atten tion is dii-ected to 

F. these requirements so that they may be considered 
and procedures adopted to assure compliance with 
the in. 
A.  Caurioit signs. labels, aitd signals. (See sec. G.  

B. Records of surveys, radiatiort motiituri/ig, and H. 
30.203 of 10 CFR 20.) 

disposal. (See sec. 20.401 of 10 CFR 2 0 )  
Reports of theft or loss of liceiised marenal. (See 
sec. 20.4C1 of 10 CFR ’10.) 
Notifications of iiic.idents. (See sec. ’10.403 of 10 
CFR 70.) 
Report to  fornier eniplo)iees of exposure to 
radiario/t (See sec. 20 104 of 10 CFR 20.) 
Reports of oi~crexposiircs aiid excessive levels 
utid co / t ce /~ t rur~u t~~ .  ( S e e  sec. 20.405 of 10 CFR 
’ 0  ) 

Nut ice to eniplqvecs of‘ exposure to I adian‘oii. 
(See sec. 10.106 of  10 CFR 20.) 
Records. (See sec. 30.5 1 of I O  CFR 30 ) 

9 



1’ xEC LICENSING GUIDE 

ISOTOPE CHEMICAL FOR51 USE 

Chromium 5 1 Sodium Chromate 

Cobalt 5 8  or Cyanocobalamin 
cobalt 60 (Vitamin B- 12) 

Determination of red blood 
cell volunies and studies 
of red blood cell survival 
time 

Intestinal absorption studies 

Potassium 42 Chloride Potxsium space determinations 

Iron 59 Chloride, Citrate 
or sulfate 

Iodine 131 

Iodine 13 1 

Iodine 131 

Iodine 131 

Iodine 13 1 

Iodine 131 

Iron turnover studies 

GROUP I1 

Iodinated Human Serum 
Albumin (IHSA) 

Brain tumor localizations 
Cardiac imaging 

Sodium Iodide Thyroid imaging 

Macroagregated Iodinated 
Huinan Serum Albumin 

Lung imaging 

Colloidal (rnicroaggregated) Liver imaging 
Iodinated Human Serum Albumin 

Rose Bengal Liver imaging 

Iodopyracet, Sodium Kidney imaging 
Iodohippurate, Sodium Diatrizoate, 
Diatrizoate Merhylglucamine. 
Sodium Diproprizoate, or 
Sodium Acetrizoate 

Iodine 13 1 Sodium Iodipamide Cardiac imaging 

Chromium 5 1 Sodium Chromate Spleen imaging 

Gold 198 Colloidal Form Live imaging 

Mercury 197 Chlorn~erodrin Kidney imaging 
Brain imaging 

Mercury 203 Chlormerodrin B r i n  imaging 

Strontium 85 Nitrate or Chloride 

Technetium 99ni Pert echne ta te 

Bone imaging in patients with 
known or suspected cancer 

Brain imaging and thyroid 

Blood pool imaging 
Salivary gland imaging 

imaging 
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E. This license does not include a specific B. Condition 13 requires the sealed sources 
possess ion  l imi t  for the radioisotopes containing byproduct niafcrial lo be leak 
authorized in Schedule A. The uuantities tested cvcry six months. 
posscssed should be those requircd fur the 
clinical program. Ill .  General License Registration Certificate fssued to 

a Physician in Private Practice. 
11. A Specific License Issued t o  an Institution. 

A. The license is issued to a hospital and 
condition 10 names the physicians under 
whose direction the radioisotopes may be 
used. CFR 35. 

This certificate authorizes the use of iodine 115, 
iodine 131, cobalt 58. cobalt 60, and chromium 
5 1 for specific diagnostic purposes provided 
under the general license in Section 35.31, 10 
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U. 5. ATOMIC ENERGY COMMISSION 
BYPRODUCT MATERIAL LICENSE 

Page 1 o f 3 P a g e s  FORM AEC-374 (M-3) 
121701 

* 10 CFR 30 

LLCEKSE SmLFey' 1 Gr@$k&Yiow L ~ C E N S E  
Pursuant to the Atomic Energy Act of 1954 and Title 10, Code of Federal Regulations, Chapter 1, Parts 30, 32, 33, 

34, and 35, and in reliance on statements and representations heretofore made by the licensee, a license is hereby issued 
authorizing the licensee to receive, acquire, own, possess, transfer and import byproduct material listed below; and to use 
such byproduct material for the purpose(s) and at the place(s) designated below. This license shall be deemed to contain the 
conditions specified in Section 183 of the Atomic Energy Act of 1954 as amended, and i s  subject to all applicable rules, reg- 
ulations, and orders of the Atomic Energy Commission now or hereafter in effect and to any conditions specified below. 

Licensee 

1. Good Hope General Hosp i t a l  
3. License Number 45-00543-21 

2. 2005 South Buran Avenue 
Richmond, V i rg in i a  22231 4. Expirat ion da te  

5. Reference No. 

June 30 ,  1975 

6. Byproduct material 
(element and  mass number) 

A. Any byprodud 
material l isted 
in Groups I and 
II of Schedule A, 
Section 35.100 
of 10 CFR 35 

B. Iodine 131 
C. Iodine 125 o r  131 
D. Phosphorus 32 
E. Phosphorus 32 

F. Gold 198 
G. Cobalt  60 

H. S t ront ium 90 

I. Cesium 137 
J. Piolybdenum 99 

7. Chemical and/or physical 
form 

A. Any radio- 
pharmaceutical 
l isted in Groups 
I and It of 
Schedule A, 
Section 35.100 
of 10-CFR 35 

B. Iod ide  
C. Tr i iodothyronine 
0. Soluble  Phosphate 
E. Col lo ida l  Chromic 

Phosphate 
F. Co l lo ida l  
G. Wire 

(Nanuf a c t u r e r  and 
Model No.) 

H. Sealed Source 
(Manufacturer and 
Fiodel No.) 

1. Chloride 
J. Xolybdenum 99/ 

Te chne t ium 9 9m 
Generator 
(.%nuf a c t u r e r  and 

8. M a x i m u m  amount of radioac- 
tivity which l icensee m a y  
possess a t  a n y  one time 

A. A s  necessary 
for uses 
author ized in 
Subitem 9. A.. 

B. 200 m i l l i c u r i e s  
C. 1 mil l icur ie  
D. 25 m i l l i c u r i e s  
E. 25 m i l l i c u r i e s  

F. 300 m i l l i c u r i e s  
G. 200 m i l l i c u r i e s  

H. 50 mill icuries 

I. 10 m i l l i c u r i e s  
J. 200 millicuries 

Model NO.) 
Conditions numbered-printed on t h e  reverse side of this page shall app ly  to 
th is  license. 

For the U. 5. Atomic  Energy Commission 

Da te  
Dwsaon ol Malerials Llcenring 
Warhinglon. D. C. 20545 

1 0 4 8 5 0 5  
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CONDITIONS 

17 

- 
1. 

2. 

3. 

4. 

5. 

6 .  

7. 

Byproduct material may only be used a t  the l icensee's address stated in  Item 2 above. 

The licensee shall comply wi th  the provisions of T i t le  10, Chapter 1, Code of Federal 
Regulations, Part 20, "Standards for Protection Against Radiation. I' 

Except as otherwise specifically provided by th is license, byproduct material to  be ad- 
ministered to  humans shall be procured in  prepackaged, precalibrated form from a supplier 
who manufactures or repackages the product under appropriate pharmaceutical controls 
related to assay, identity, quality, purity, steri l i ty, and nonpyrogenicity. 

Iodine 131 labeled Macroaggregated Iodinated Human Serum Albumin, Chromium 5 1  
labeled Human Serum Albumin, and Iodine 131 labeled Colloidal (Microaggregatedl 
Human Serum Albumin shall be procured from a supplier who holds an unsuspended or 
unrevoked license issued by the Secretary, Department of Health, Education, and 
Welfare, t o  propagate or manufacture and prepare, label, or distribute th is material 
pursuant to T i t le  42, Chapter 1, Code of Federal Regulations, Part 73, "Biologica 
Products. I' 

Needles or standard medical applicator ce l ls  containing Cobalt 60 as wire shall not be 
opened by the licensee unless specif ical ly authorized by a condition in  th is  license. 

Patients containing Cobalt 60, Cesium 137, and/or Iridium 192 implants shall remain 
hospitalized unt i l  the implants are removed. 

Patients containing lodine 131 for the treatment of thyroid carcinoma or patients con- 
taining therapeutic quantities of Gold 1 9 8  shall remain hospitalized unt i l  the residual 
ac t i v i t y is  3G mil l icuries or less. 
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5 .  
A. 

B. 

C. 
D. 
E. 
G. 

H. 
I. 

J. 

U. S. ATONIC EiUERGY COMMISSION 
BYPRODPCT klATEl?IAL LICENSE 

P a g e 2 o f  3 P a g e s  

Supplenientary Sheet 

LICENSE SAMFLE ( 2 )  (cont inued)  
License Number 45-00543- 21 

Authorized use 

Any d iagnos t i c  procedure l i s t e d  i n  Groups I and I1 of Schedule A, 
Sect ion 35.100 of  T i t l e  10, Code of Fede ra l  Regulations.  
Treatment of  hyperthyroidism, c a r d i a c  cond i t ions ,  and thy ro id  
carcinoma. 
I n  v i t r o  s t u d i e s .  
E e a t m e n t  of  polycythemia vera and leukemia. 
and F. I n t r a c a v i t a r y  t rea tment  of  mal ignant  e f fus ions .  
I n t e r s t i t i a l  and i n t r a c a v i t a r y  t rea tment  of cancer a s  a replacement 
of radium. 
Treatment of s u p e r f i c i a l  eye d i seases .  
Brain imaging i n  12 p a t i e n t s .  Within six weeks a f t e r  t h e  completion 
of t h i s  s tudy ,  t h e  l i c e n s e e  i s  reques ted  t o  fu rn i sh  a r e p o r t  t o  the 
Commission which b r i e f l y  summarizes the  r e s u l t s  of the  s tudy.  
P r odu c t ion of Technetium 9 9m per  t e chne t a t e. 

COND IT IONS 

10. Byproduct m a t e r i a l  s h a l l  be  used by, or under t h e  supe rv i s ion  of, 
Gerald M. Good, M. D.,  F rankl in  D. Lawson, M. D., o r  Daniel  H. 
Harrington,  Pi. D. 

11. Technetium 99m Per t echne ta t e  may be e l u t e d  and prepared from 
a Molybdenum 99/Technetium 99m genera tor  i n  accordance w i t h  
s ta tements ,  r e p r e s e n t a t i o n s ,  and procedures contained i n  
a p p l i c a t i o n  dated June 4 ,  1968. 

u n t i l  t he  implants  are  removed. 
12. P a t i e n t s  con ta in ing  Cobalt  60 implants  s h a l l  remain h o s p i t a l i z e d  

13. A. Each sea l ed  source  conta in ing  byproduct m a t e r i a l ,  o t h e r  than 
Hydrogen 3,  w i t h  a h a l f - l i f e  g r e a t e r  than  t h i r t y  days and i n  
any form o the r  than  gas s h a l l  b e  tested fo r  leakage and/or  
contamination a t  i n t e r v a l s  n o t  t o  exceed s i x  months. I n  t h e  
absence o f  a c e r t i f i c a t e  from a t r a n s f e r o r  i n d i c a t i n g  t h a t  a 
t es t  has been made wi th in  six months p r i o r  t o  t h e  t r a n s f e r ,  
t h e  sea led  source  s h a l l  n o t  be p u t  i n t o  u s e  u n t i l  tested.  

For the U. S. Atomic Energy Commission 

te 
Division of Marenals Lleensing 
Wuhlnaton. D C. 20545 

bv 

__.___._r - . 
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10 CFR 30 

u. s .i-rcmIc ESERGI' comiIssIo\; 
EYPRODUCT 31XTERI.AL LICESSE 

Supplementary Sheet 

LICENSE SAMFLE ( 2 )  (cont inued)  

Page_-3- of-3-Pages 

License ~uni11er45-00543- 2 1  

13. continued 

B. The t e s t  s h a l l  be capable of  d e t e c t i n g  the presence  o f  0.005 
microcur ie  of  r a d i o a c t i v e  m a t e r i a l  on the t e s t  sample. The 
t e s t  sample s h a l l  be taken from the sea l ed  source  o r  from the 
s u r f a c e s  o f  the device  i n  which the seazed source  is perma- 
n e n t l y  mounted or  s t o r e d  on which one might expec t  contamina- 
t i o n  t o  accumulate. Records of  l eak  t e s t  r e s u l t s  s h a l l  be kep t  
i n  u n i t s  of  microcuries  and maintained for i n spec t ion  by the 
Comn iss ion. 

C. I f  the tes t  r e v e a l s  the presence  o f  0.005 mic rocur i e  o r  more of 
removable contaminat ion,  the l i c e n s e e  s h a l l  immediately withdraw 
the  s e a l e d  source  from u s e  and s h a l l  cause i t  t o  be decontamina- 
ted  and r e p a i r e d  or  t o  be d isposed  of  i n  accordance w i t h  
Commission r egu la t ions .  A r e p o r t  s h a l l  be f i l e d  wi th in  5 days of 
the  t e s t  w i t h  the Di rec to r ,  D iv i s ion  of t i a t e r i a l s  Licensing,  
U. S. A t o m i c  Energy Commission, Washington, D. C . ,  20545, 
d e s c r i b i n g  the equipment involved,  the t e s t  r e s u l t s ,  and the 
c o r r e c t i v e  a c t i o n  taken. A copy o f  such r e p o r t  s h a l l  a l s o  be 
s e n t  t o  the  Di rec to r ,  Region 11, Div i s ion  of Compliance, USAEC, 
S u i t e  818, 230 Peacht ree  S t r e e t ,  Northwest, A t l an ta ,  Georgia,  
30303. 

D r .  Gerald N. Good, o r  by o t h e r  persons  s p e c i f i c a l l y  au tho r i zed  
by the  Commission o r  an Agreement S t a t e  t o  perform such 
s e r v i c e s .  

14. Sealed sources  conta in ing  byproduct m a t e r i a l  s h a l l  n o t  b e  opened. 

D. Tes t s  for leakage and/or contaminat ion s h a l l  be performed by 

t e  

For the U. S. -4tomic Energy Commission 

by Platerials Branch 
Division of Materials Licensnnc 
Washington. D C 20545 
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L I C E N S E  SAXPT,E ( 3 )  
K)IM APWOVED Form AEC-481 U 5 ATOMIC ENERGY COMMISSION 

(7-651 BUDGfl U J I I A U  NO 
10 CP1 35 REGISTRATION CERTIFICATE-MEDICAL USE OF 38 1-017 

BYPRODUCT MATERIAL UNDER GENERAL LICENSE 
Sarwn 35 3 1  or 10 CkR 35 cstablishrs a general l i c e n i ~  authorwny physicians to p,sus,cerram small quanittics of 1 125. I 131. 
Co 58. Co 60, and Cr > I  for spcclhed diagnorrtc uics Porsrssion of hyprducr  mrrrrd under 10 CFR 35  3 1  15 nor aurhoriinl 
unirl thr physcian ha, h l d  Form AEC-482 md rrcrwrd trom rhe Commission a validarrd copy of Form A E C d S 2  a h  rrgislra. 
t i on  n u m k r  urigncd. 

INSTRUCTIONS 
Submit this Form in t r ipl i rde I O '  United States Atomic Energy Commlsston. Washlngton, D C., 2 0 5 4 5 ,  Atcentlon' Director. Diviswn 
of Warerials Licensing. Please 
print or  lype your name n n d  add,rJr (including ZIP code), urihin the ihudrd drru. 

A rrgiirr.z&n nu,"ber urll be urrrgrird a n d  u wlidurrd topy 9f Form . iEC--IRZ will be rrturnrd. 

1 Registration number: 1 

I am a duly licensed physician authorized IO dispense drugs in the  pracrice of medicine. 
under  the laws of: 

My license(s) is ( a re )  valid 

SlAlE(5 )  OF LICENSURE LICENSE NUMBER(S) 

CERTIFICATE 

I hereby cenify that: 

I .  AI1 information in this registration certificate is true and complere 

2. I have appropriate radiation measuring instruments to carry out the diagnostic procedures for which I will use byproduct 

3. I understand that Commission regulations require that any change in the information furnished by a registrant on this regis. 
trition cerrificate be reported to the Director. Division of Materials Licensing, within 30 days from the dare of such change. 

4. I have read and understand the provisions of Secrion 35.31 of AEC regulations (10 CFR 35) reprinted on the reverse side of  
this form; and I understand that I am required to comply wulth those provisions as to a11 byproduct material which I receive. 
possess. use, o r  transfer under the general license for which this Registration certificate is filed with the Atomic Energy 
Commission: 

material under the general license of 10 CFR 3 5 . 3 1  and I am competent in the use of such instruments. 

1048509 
. .. -- 
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CONDl l tONS AND U M l T A l l O N S  Of GENERAL LICLNSE 10 CFR 35.31 

8 35.31 GENERAL LICENSE FOR MirDlC.AL USE O F  CERTAIN 
QuAtfrlTlEs OF BYPRODUCT MATERIAL. 

(a) A general license is hereby issued to any physician 10 
receive, pxsess, transfer, or use for any of the following stated 
diagnostic uses, in accordance with the provisions of paragraphs 
(b), (c), and (d) of this section, the following byproduct mate- 
rials in capsula, disposable syringes or other forma of prepack- 
aged individual do ra ;  

(1 )  Iodine 131 as sodium iodide (NaI’”) for measurement of 
thyroid uptake; 

(2) Iodine 131 aa iodinated human serum albumin (IHSA) for 
determinations of blood and blood plasma volume; 

(3) Iodine 125 as iodinated human serum albumin (IHSA) for 
determinations of blood and blood plasma volume; 

(4) Cobalt 58 for the measurement of intestinal absorption of 
c yanocobalami n; 

(5)  & b l t  60 for the measurement of intestinal absorption of 
c yanocobalamin; 

(6) Chromium 51  as sodium radiochromate for determination 
of red blood cell volumes and  studies of red blood cell survival 
time. 

NOTE: Section 32.70 of this chapter requires manulcturcrr of radiophar- 
mauuticals which are under the general license in this psragraph to include 
the folbwing statement in the label affixed to the container or in the luflet 
or brochure which accompanies the radiopharmaceutical; 

This radioactive drug may be received. potanred ,  and used only by phy- 
sicians liccnwd to dispense drugs in the practice of medicine. Iu receipt. 
possession. use. and transfer are aubjcct to the regulations and a general 
license of the Uniicd States Atomic Energy Commision or of a State with 
which the Commission has entered into an agreement for the exercise of 
regulatory authority. 

(Nunc of manuf.cturer) 

@) No physician shall receive, possess, use, or transfer by- 
product material pursuant to the general license established by 
paragraph (a) of this section until he has filed Form AEC-482, 
“Registration Certificate - Medical Use of Byproduct .Material 
Under General License” with the Director, Division of Materials 
Licensing, US. Atomic Energy Commission, Washington, D.C, 
20545, and received from the Commission a validated copy of the 
Form AEC-482 with registration number assigned. The  regis- 
trant shall furnish on Form AEC-482 the following information 
and such other information as may be required by that form: 

( I  ) Name arid address of the registrant; 
(2)  A statement that the registrant is a duly licensed physician 

authorized to dispense drugs in the practice of medicine. and  
specifying the license number and the State in which such license 
is valid; and 

(3) A statement that the reBistrant has appropriate radiation 
measuring instruments to carry out the diagnostic procedures for 
which he proposer to use byproduct material under the general 
license of 0 35.31 of this chapter and  that he is competent in the 
use of such instruments. 

(c) A physician who receives, porrerses. or uses a pharmaceu- 
tical containing byproduct material pursuant to the general license 
established by paragraph (a) of this section shall comply with the 
following: 

( I )  He shall not possess at any onc time, pursuant to the general 
license in paragraph (a) of this section, more than: 

(i) 200 microcuries of iodine 13 I ,  
(ii) 200 microcuria of iodine 125, 
(iii) 5 microcuria of cobalt 58, 
(iv) 5 microcuries of cobalt 60, and 
(v) 200 microcuria of chromium 51. 
(2) He shall store the pharmaceutical until administered in the 

original shipping container or a container providing equivalent 
radiation protection; 

(3) He shall use the pharmaceutical only for the uses authorized 
by paragraph (a) of this section; 

(4) H e  shall not administer the pharmaceutical to a woman 
with confirmed pregnancy or to a person under 18 years  of age; 

(5) H e  shall not transfer the byproduct material to a person 
who is not authorized to receive it pursuant to a license issued by 
the Commission or a n  agreement State, or in any manner other 
than in the unopened, labeled shipping container as received from 
the supplier, except by administering i t  to a patient. 

(d) The  registrant possessing or using byproduct material under 
the general license of paragraph (a) shall report in duplicate to the 
Director, Division of Materials Licensing, any changa  in the in- 
formation furnished by him in the “Registration Certificate- 
Medical Use of Byproduct Material Under General License,” 
Form AEC-482. The  report shall be submitted within 30 days 
after the effective date of such change. 

(e) Any person using byproduct material pursuant to the gen- 
eral license of paragraph (a) of this section is exempt from the 
requirements of Part 20 of this chapter with respect to the by- 
product materials covered by thc general license. 

NOT€ 

If larger quantitiia or other forms of byproduct material than those specified in the general license of IO CFR 35.31 are required, the 
physician should file an  “Application for Byproduct hlaterial License.” Form AEC-313 and obtain a specific byproduct material license. 
Copies of application and registration forms may be obtained from the United States Atomic Energy Commission, Washington. D.C., 
20545, Attention: Isotopes Branch, Division of Materials Licensing. 
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M ED1 CA L ISOTOPES COMMITTEE .* -  * 1 1 - 1  .e.-_ ..> L- 

Section 35.11(b), 10 CFR 35, requires the 
applicant for an institutional license to appoint a 
medical isotope committee to evaluate~all_el_o~~~~ 

~ _ _  for ,..-.I=.------- research ,_ ,d iagnos t ic~d .  -1hejapeutic - uses..sf 
r a d i o i s o p e  within the institution. The medical 
isotope committee shall consist of at least !hreS 
nienibers. This membership should include physicians 
expert  in internal medicine or hematology (or 
pathology), therapeutic radiology, and a person 
experienced in assay of radioisotopes and protection 
against ionizing radiation. 

T h e  a p p l i c a t i o n  s h o u l d  give the names, 
specialities, and radioisotope experience of each 
Committee member and describe the functions, 
r e s p o n s i b i l i t i e s ,  au tho r i ty ,  and administrative 
procedures of the committee. The following is 
p r e s e n t e d  as a typical assignment given to a 
cornmi ttee: 

I. .-" c - 

A. Committee Aiithontv. 

The committee is established by authority of the 
Hospital Administrator (or Hospital Director) as the 
administrative body responsible for the safe use of 
radioisotopes within the institution. 

B. Committee Responsibilities. 

1 .  Rev iew a n d  g ran t  permission for, or 
disapprove, the use of byproduct material for 
e x p e r i m e n t a l  or nonrou t ine  uses within the 
institution from the standpoint of radiological health 
and safety o f  patients or working personnel and other 
factors which the committee may wish to establish 
for niedicd uses of byproduct matcrials prior to 
submission of an application to the Commission for 
liccnsing action. 

2 .  Prescribe special conditions that will be 
required during a proposed use of byproduct material 
such as requirements for bioassays and physical 
examinations of users, minimum level of t r i n ing  and 
experience of users. 

Receive and review records and reports from 
the radiological safety officer or other individuals 
delegated rcsponsibility for health safety practices in 

3. 

the instituion. 
4. Recommend remedial action to correct 

safe t y in frac t i on s . 
5. F o r m u l a t e  and review the institutional 

training programs for the safe use of radioisotopes. 
6. Maintain written record of actions taken by 

the committee. 
7 .  Coordinate and supervise the use of isotopes 

under private practice license. (Although it is not a ,  
requirement, the institution inay desire to establish a 
radioisotope committee to  assist in the control of 
radioisotope use if there are multiple private practice 
licensees permitted to use materials within the 
insti tu tion .) 

8. Inform the Commission of any changes in 
commit tee membership. 

C Committee Administran've Procedures. 

The scope of administrative procedures will 
depend primarily on the radioisotope program to be 
undertaken. I f  the program is initiated on  a modest 
scale, revisions of procedures and organizations may 
become appropriate, as the program grows over a 
period of time. The procedures may include- 

1. A meeting schedule to review safety aspects 
of present programs and to consider special cases or 
problems. 

2 .  Record keeping procedures for committee 
meetings, actions, recommendations, and decisions. 

3. A p r o g r a m  f o r  t h e  preparation and 
dissemination of information pertaining to radiation 

The delegation of responsibility to a specific 
individual for the conduct of the day-to-day radiation 
safety program, including appropriate surveys and 
maintenance of records. 

Maintenance of written records of receipts, 
transfers, and disposal of all radioactive isotopes in 
the institution and maintenance of an inventory of 
the t o t d  quantity of each radioisotope possessed at 
the institution. 

Provisions for initiating corrective action as 
necessary to assure radiation safety. 

safety. 
4. 

5 .  

6 .  

I 0 4 8 5 1  i .. , 



APPENDIX C 

ACCEPTABLE TRAINING AND EXPERIENCE FOR MEDICAL USES OF 
BYPRODUCT MATERIAL 

1. GENERAL TRAINING. 

Section 35.1 1 (d) of 10  CFR 35 provides that 
the Commission will approve a license application by 
an institution for medical use of byproduct material 
if it determines, among other things, that the 
p h y s i c i a n  designated as the individual user is 
adequately trained and experienced in (a) basic 
radioisolope handling techniques and (b) the clinical 
use o f  b y p r o d u c t  mater ia l  proposed in the 
application. Similar criteria are established in section 
35.17(c) of 10 CFR 35 for approval of licenses for 
medical use of radiopharmaceuticals by individual 
phys i c i ans .  0 u t l  i ne d below are training and 
experience criteria which the Commission, with the 
assistance of its Advisory Committee on the Medical 
Uses of Isotopes, has found acceptable for physicians 
w h o  use  radiopharmaceuticals. Each physician’s 
t r a i n i n g  a n d  e x p e r i e n c e  are examined on  a 
case-bycase basis. If a physician wishes t o  use 
radiopharmaceuticals but does not have the training 
a n d  expe r i ence  described, he may submit an 
application listing his specific qualifications and this 
will be reviewed by the Commission with the 
assistance of the Medical Advisory Committee. 

Training may be obtained in a residency, formal 
training course, or collaboration in a program using 
byproduct material. To qualify as adequately trained, 
a physician’s background should include: 

1 

A.  General Training in Basic Radioisotope Handling 
Techniques Including- 

1. A working knowledge of- 
a. 

b. 

Principles and practices of radiological 
health safety: 

R a d i o  a c  t i v  i t y m e  a s  u r e  m e  n t s ,  
standardization, and monitoring techniques and 
instruments; 

c. Mathematics and calculations basic to 
the use and measurement of radioactivity; 

d. Biological effects of radiation; and 
Experience :n the use of byproduct material 

for the types and quantities for which the application 
is being made, or equivalent experience. 

2 .  

N 0 T E :  Sotisfortory completion of the Ook Ridge 
Associoted Universities “&sic Cortrse in Radioisotope 
Techniques. or i ts  eqrdvolent, in pmcticol training will serve 
rn evidence of acceptable basic t r ining.  

B. Clinical Radioisotope Training Consisting of- 

1. S u p e r v i s e d  examination of patients to 
determine the suitability for radioisotope diagnosis 
and/or treatment and recommendation on dosage to 
be prescribed; 

Collaboration in calibration of the dose and 
the actual administration of the dose to  the patient, 
including calculation of the radiation dose, related 
measurements, and plotting of data; 

Adequate period of training to enable the 
physician to manage radioactive patients and to 
follow patients through diagnosis and/or the course 
of treatment; 

Study and discussion with preceptor of case 
histories to establish most appropriate diagnostic 
a n d / o r  t h er a pe u t i c  p r o c e  dures,  limitations, 
contrsindications, etc. 

2 .  

3. 

4. 

11. SPECIFIC TRAINING-BASIC AND CLINICAL. 

The following relates to well-established medical 
uses .  Tra in ing  requirements are the same for 
physicians in institutional or in private practice 
programs. See Appendix F for suggested training and 
experience for nonroutine or experimental medical 
uses. Training and experience for the specific clinical 
uses are as follows: 

A. Category I-Diagnostic Procedures 

T h e  d iagnos t ic  procedures covered by 
Category I are iodide for diagnosis of thyroid 
function; iodinated human serum albumin for plasma 
and blood volume determinations; rose bengal for 
l i ve r  f u n c t i o n  studies;  labeled renal function 
c o m p o u n d s  f o r  k i d n e y  f u n c t i o n  s t u d i e s ;  
triiodothyronine for in vitro study of thyroid 
function; labeled fats and/or fatty acids for fat 
absorption studies; chromium 5 1 labeled human 

-. 
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s c r u n i  albumin f o r  p:istroiritc.stinal proltin 10s 
studies: cubalt hO o r  58 Iabded cvan~)cohaluriiin fL)r 
intestinal absorption studies; i r o n  59 as chloride. 
citrate and/or sulfate for iron turnover studies: 
po tass ium 1 2  as chloride fur potassium jpacc 
determinations; krypton S 5  3s gas for diqnosis ut' 
cardiac abnormalities; and .xenon 1-33 as free gas o r  in 
solution for diagnosis of cardiac abnorma1itit.s. 
blood-flow studies and pulmonary function studies. 
Training and experience criteria for these procedures 
are - 

Thirty hours of training in basic radioisotope 
handling techniques, and 

Active participation in the performance of 
five uptake studies, three dilution studies, and three 
e x c r e t i o n  s t u d i e s  invo lv ing  t h e  use o f  
radiopharmaceuticals on humans. 

To be licensed for one or more of the diagnostic 
procedures listed in Category I ,  but not the entire 
category, training and experience should include: 

Thirty hours of training in basic radioisotope 
handling techniques. and 

Active participation in three cases each of 
the specific diagnostic procedure(s) requested. except 
that for diagnosis of thyroid function the physician 
should have actively participated in five cases. 

1. 

2. 

1. 

2 .  

B. Category  II-Special ized Diagnost ic  
Procedilrres (Scars or Tumor Localization) 

The specialized diagnostic procedures covered by 
Category I1 are iodide for thyroid imaging: iodinated 
hunan  serum albumin for brain tumor localization. 
cardiac imaging for determination o i  pericardial 
e f f u s i o n s .  a n d  placenta localization; sodium 
iodipamide for cardiac imaging for de termination of 
pe r i ca rd ia l  effusions; labeled renal function 
compunds for kidney imaging; chromium 51 for 
sp l een  imaging a n d  p l a c e n t a  localization; 
macroagregated iodinated human serum albumin for 
lung imaging; microaggregated (colliodal) human 
serum albumin for liver imagng; strontium 85 as 
nitrate or chloride for bone imaging in patients with 
known or suspected cancer; selenium 7 5  as 
selenoniethionine for pancreas imaging; and mercury 
197 for brain and renal imaging; and mercury 203 for 
brain imaging; technetium 99m as sulfur colloid for 
liver and spleen imaging; and technetium 991n 3s 

pertechnetate for brain, thyroid, salivary, blood pool 
imaging, and placenta localization. 

T h r t y  hours of training in basic radioisotope 
handling techniques, and 

Active participation in the performance of 
three tumor localizations or organ images using 
byproduct material, except that for pancreas imaging 

1.  

2 .  

Ihc physician ! I l l l j t  h.~vt. beer1 LIC! ivcly er1~:i~cd 111 

coiiducting iiiugcs (01 Jr Icas1 six iiioiitlis arid h a v c  
participated in  :it Ie~lst t h r t e  ( 3 )  piicreas iniags 
u n d e r  thc  supervision ot' a ph!rsici:m already 
cxper-icnced i n  this procedutc.. 

C Categoiy  III-lodiiic 131-Treatment of 
I j y p  c r r h  y ro i Jis in a i i  i l lor Cardiac Coirilin'otis; 
Pliosplionis 33- Treariueti t oj'Ulood Dyscrasias. 

1 .  Thirty hours of training in basic radioisotope 
handling techniques. and 

2. F o r  t h c  treatment o i  hyperthyruidism 
and/or cardiac dysfunction. clinical experience in the 
diagnosis of thyroid function and active, participation 
i n  t h e  t r e a t m e n t  of t en  p a t i e n t s  w i th  
hyper!hyroidism andior cardiac dysfunction using 
iodine 131. 

3. For the treatment of polycythemia vera. 
leukemia, and bone metastases. active participation in 
the treatment of three patients with one of these 
conditions using phosphorus 32.  

D. Category I V -  Treatmeit  t of  TliJv-oid 
Carcinoma: Phosphorus 33 and Gold  198 
hrracavitaty 77ierap-v. 

1. Thirty hours of training in basic radioisotope 
handling techniques. 

2 .  For the treatment of thyroid carcinoma. 
clinical experience in diagnosis of thyroid function 
and treatment of hyperthyroidism and/or cardiac 
d y s f u n c t i o n .  a n d  active participation i n  the 
treiitmcnt of three patients with thyroid carciiionia 
using iodine 131. 

3. F o r  t h e  i n t r a c a v i t a r y  treatment of 
c a r c i n o m a  tous patients with gold 198. active 
participation i n  three cas2s. 

3. For t h e  i n t r a c a v i t a r y  t r e a t m e n t  of 
carcinomatous piiticnts with phosphorus 32. active 
participation in three cases. 

E, I ti t e r sn n'aI Trea r t m r t  o j '  Carcii ioiiiatorts 
Pat iei I t s  Witti Co NoidaI Pliosph onts 32. 

1. Thirty hours of training in basic radioisotope 
handling techniques. 

2. Ac t ive  participation in the interstitial 
treatment of three carcinomatous patients with 
colloidd phohphorus 32 or colloidal gold 1 OS. 
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F. 111 terctitial Trcarmeirt o j ’  Curcitionintoin 
Patierits With Colloidd Gold 198. 

1 .  Thirty hours of basic traiiiing in radioisotope 
handling teclmiques. 

2 .  Act ive  participation in the interstitial 
treatment of three carcinomatous patients with 
colloidal gold 198. 

NOTE: Tlie inrerstitial use of colloidal gold in  the 
tmatrnenr of cancer entails a specialized procedure. Such 
Beatinenf sliould, tlierefore. be carried our only hy uiz 
appropriate team of speciulists. including a tl~erapetc tic 
mdiologisr. 

G. In ters t i t ia l ,  I i i  t racaui tuy ,  or Sirrfuce 

Active p r J c t i c e  in therapeut ic  r;ldiology 
Treatment o j  Cancer with Radiatiori Soirrces. 

with a minimum o f  three years’ experience. 

”Vote: In lieu of rlie above expericrice, rlie plrysician 
shoitld be a q td i f ied  spcciulisr iii a ficld uppropijute to tlte 
proposed use IM‘ tli specialized training and e.rpcnence in 
radiation dosinrc~trv urid u t  least three years’ expoience in  
intcmririul, strrjace, or inrracaviruty use of radiation sources. 

H. Treatenlet i t  of Supcrjicial Eve Disease With 
Beta Ra-v Applicators. 

A c t  ivt‘ p r x t i c c  i n  tlicrapcutic radi~ilogy o r  
~ i ~ ~ t i ~ l i ~ l i ~ i ~ ~ i ~ i ~ y  and cxpcricnce in rhc  thL:rapcutic usc 
o f  bcta rays o r  sol‘t x-nys.  

I. Deterniiuatioii of Bloo~l  Volirrne With 
A iitoinatic Blood Vohime I~itninieiits. 

This procedure involves the use of an instrument 
which autoniatically nieasures and directly indicates 
isotopic dilution and blood volume after injection of 
prepackaged doses of 1-331 as Iodinated Humari 
Serum Albumin. 

T r a i n i n g  a n d  experience criteria for this 
procedure are- 

1. Three hours of traininp in the use of the 
in s  t r 11 in e n t a n d ba sic r a d i o is o tope handling 
techniques. 

2 .  Active participation in the performance of 
t h r e e  b l o o d  v o l u m e  determination with the 
inst rumen t. 

Uses of  other byproduct material not listed in 
appendix C are considered to be nonroutine. See 
appendix F for experimental and nonroutine uses of 
byproduct material. 



ISOTOPE 

Cesium 137 

Cesium I37 

Chromium 5 1 

Chromium 5 1 

Chroniiuni 5 1 

Chromium 5 1 

Chromium 5 1 

Chromium 5 1 

Cobalt 58 or 
Cobalt 60 

Cobalt 60 

Cobalt 60 

Gold 198 

Cold 198 

Gold 198 

Gald 198 

Iodine 131 

Iodine 13 I 

26 

APPENDIX D 

A LIST OF WELL ESTABLISHED JlEDIC.4L USES 

CHEMICAL FORM 

Encased in Needles and/or 
.Applicator Cells 

Teletherapy Source 

Chromate 

Chromate 

C hr om at e 

Labeled Human Serum 
Albumin 

Labeled Human Serum 
Albumin 

Labeled Red Blood 
C?llS 

Labeled Cyanocobalamin 

Teletherapy Source 

Encased in Nzedles andior 
Applicator Cells 

Colloidal 

Colloidal 

Colloidal 

Seeds 

Iodide 

Iodide 

USE 

Interstitial or intracavitary 
tre:irinent of cancer 

Treatemen t of cancer 

Spleen imaging 

Placenta localication 

Red blood cell labeling for 
volume and survival studies 

Gastrointestinal pror2in 
loss studies 

Placenta localization 

Placenta localization 

Intestinal absorption studies 

Treatment of cancer 

Interstitid or intracavitary 
treatment of cancer 

Liver imaging 

Inmcavitar;: t rea in ien t  
o 1' m d  ignan t e ffusio lis 

Interstitial treatment of 
cancer 

Interstitial treatment of 
i m c e r  

Diagnosis 01' thyroid function 

Thyroid imaging 

1 0 4 8 5 1 5  
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.A LIST OF WELL EST.ABLISHED \lEDIC.\L USES 27 

ISOTOPE 

Iodine 131 

Iodine 13 I 

Iodine 131 

Iodine 13 1 

Iodine 13 1 

Iodine 13 I 

CHEMICAL FORM USE 

Ti-eat mrnt of hyperr Iiy roidisin 
3 ii d/o r c;i r di IC dysfunction 

Iodide 

Treatinent of th! roid c x i i n o i i i a  

Blood voluine deterinination 

Iodide 

Iodinated Human Serum 
A I b u mi n 

Iodinated Human Serum 
Albumin 

Brain tumor localization 

Iodinated Human Serum 
Albumin 

Placenta localization 

Iodinated Human Serum 
Albumin 

Cardiac imaging for determination 
of pericardial effusions 

31 

31 

31  

Iodinated Human Scrurn 
Albumin 

Cisternography Iodine 

Iodine 

Iodine 

Rose Bengal Liver function studies 

Liver imaging 

Kidney fuiiction studies 2nd 
kidney imaging 

Rose Bengal 

Iodine 131 Iodopyracet, Sodium 
lodohippurate 
Sodium Diatrizoate, 
Diatrizoate Methyl- 
glucamine. Sodium 
Diprotrizoate, Sodium 
Acetrizoate, or 
Sodiiini Iorhalamate 

Iodine 13 1 

Iodine 131 

Labeled Fats and/or 
Fatty Acids 

Fat absorption studies 

Sodium I odi pamide Cardiac imaging for determination 
of pericardial effusions 

Iodine 13 1 hlacroaggregated Iodinated 
Human Serum Albumin 

Lung imaging 

Iodine 13 1 Colloidal Microaggregated 
Human Serum Albumin 

Liver imaging 

Diagnosis of thyroid function 

Blood volurne determination 

Iodine 125 

Iodine 125 

Iodine 125 

Iodide 

Iodinated Human Serum 
Albumin 

Rose Bengal Liver function studies 

..d 
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3s .4EC LICENSING GUIDE 

ISOTOPE CHEMICAL FORM USE 

Kidney function studies iodine 125 Iodopyracet. Sodium 
lodohippurs te. 
Sodium Diatrizoate, 
Dia t r i zoa te Me thy I -  
glucaniine. Sodium 
Diprotrizoate, 
Sodium Acetrizoate, 
or Sodiuni lothalamate 

'- 

Fat absorption studies Iodine 125 Labeled Fats and/or 
Fatty Acids 

Iron 59  Chloride, Citrate 
and/or Sulfate 

Iron turnover studies 

Iridium 193 Seeds Encased in 
Nylon Ribbon 

I n t ers t i t ial t rea t men t 
of cancer 

Krypton 85 Gas Diagnosis of cardiac 
abnormalities 

Mercury 197 Chlormerodrin Kidney imaging 

Mercury 197 chlormerodrin Brain imaging 

Mercury 203 Chlormerodrin Brain imaging 

Phosphorus 3 2  Soluble Phosphate Treatment of polycythemia vera 

Phosphorus 32 Soluble Phosphate Treatment of leukemia 2nd 
bone metastasis 

Phosphorus 32 Colloidal Chromic 
Phosphate 

Intracavitary treatment 
of malignant effusions 

Phosphorus 32 Colloidal Chromic 
Phosphate 

Interstitial treatment of 
cancer 

Potassium32 Chloride Potassium space studies 

Pancreas imaging Srlcniuni 75 Selenome t hion ine 

St ro n t iuni 85 Xitrate or Chloride Bone imaging on patients with 
known or suspected cancer 

Strontium 90 Medical Applicator Treatment of superficial eye 
conditions 

Techmtium 99m Pertechnetate Brain imaging 

Thyroid imaging Technetium 9?ni Pertechne ta te 

Technetium 99m Sulfur Colloid Liver and Splzen imaging 



CHEllICAL FORM USE ISOTOPE 

Technet iurn W m  Pcrlccline ta tc 

Tecluxtiuin W i n  Pcrtechnetatc 

Technetium 99111 Petechnetate S:ilivary gland iiiiaging 

Technetium 99m Iron- Ascorbate- 
Diethylenet riamine 
Pentmcetic Acid 
Complex 

Kidney imaging 

Diagnosis of cardiac abnor~nalties 
Blood-flow studies 
Pulmonary function studies 

Xenon I33 Free Gas or in 
solution 

USE - ISrJTOPE 

E i s thy 1 e n  r i BIT. :riz Kidney Ixazing 
Pestaace:ic ,cid ( s n )  Kidney Funct ion j c u d i e s  

Techne t i u x  9 9 3  Di e thy 1 3 n e  t i  i an ice 
? m t a e c s t l c  Acid (Sr.) 

Brain Imaging 

Po 1 y D h o s i! a t e s Bone Imagin-, Trrchnc.. c i i l m  99n 

Iodine 125 Sealed S c u r c e  For Use i n  Bone 
Mine r a 1 h a  1 y z e r 

Sca led  53LiTC2 For Use i n  Bone 
Mineral -Analyzer 

Techneciuz 9% 

Ffuor ide  Bore I22gLng 

Disodiuin Ecldronatz  Bone Inaging 

. --*- -_._ I O 4 8 5 1 8  
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APPENDIX E 
SAMPLE APPLl CATIONS 

1. Sample Application No. 1 is a Form AEC-313 
and -313a request for a n  institutional license. 

2 .  Sample Application No. 2 is 3 Form AEC-313 
and -313a request for a private practice license. 



Form A E C - 3  I 3  
I 1  1-63) 

I O  CFR 30 

( 0 1  N A M E  A N D  STREET ADDRESS OF APPLICANT ,lnl~,tUt,or hrm hoip,#ol (bl jTREfT r D D R f S S l E S l  AT WHICH BYPRODUCT M A T E R I A L  #I11 DE USED , I I  
P'IQI. .IC I 1 d&r*nr from I lo) t 

form approred 
Ldgrt 8ur.o~ No 38-11017 1 

A T O M I C  E N E R S I '  C O M M I S S I C N  

APPLICATION FOR B Y  PRODUCT M A T E R I A L  LICENSE 

XYZ Hospital 
Radioisotope Service 
234 West Main Street 
Colesville, Illinois 

I 
11 PREVIOUS LICENSE NUMBERIS). (If he, I S  on oppl~~olion lor rm.ro1 of o . DEPAlTMENT 10 USE BYPRODUCT MAT€RIAI 

I brm~..  p h s .  mdxmt. ond g w  m m k  I 

Radioisotope Service 

I 
. 10) 6YPRODUCT MATERIAL f f l c m " + I  1 (b) CI(EMICAL A N D s O R  PHVSICAL FORM AND MAXIMUM N i l b ~ l E R  O F  MILLICURIES OF EACH CHEMICAL A N D / O R  PHYS- 

(If waled rowr.(rJ. d i e  1101. n ~ m e  of m o - u k t u r r .  m o 6 f  ond mass numb- of -h J K A L  FOSM THAT Y O U  WILL POSSESS AT ANY O N E  T I M  

A .  
B. 
C. 
D. 
E. 

F. 

G. 
H. 

Iodine 131 
Iodine 131 
Iodine 131 
Iodine 131 
Phosphorus 32 

Gold 198 

Cobalt 60 
Strontium 90 

I A .  Iodide (Liquid) 100 nillicuries 
i B .  Iodide (Capsules) 5 nillicuries 
!c. IXSA (Capsules) 1 millicurie 
'D. Labeled Renal Function Compounds (Capsules) 5 millicuries 
:E. 
I millicuries 
/F. ' millicuries 
'G. 
IH. 
j of 50 millicuries 

Soluble Phosphate (Individual Preparation Dcses) 20 

Colloidal (Liquid-Individual Prepared Doses) 200 

Sealed Needles ( X  Company, Nodel Z )  200 millicuries 
Sealed Medical Applicator ( X  Company, Model B) 1 source 

I 

See Supplement 313a for human use. 

A-G Research studies in animals. 
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IO RADIATION DETECTION INSTRIJMENTS !Use iupplemtnlal I ~ U C I I  11 I - 
TIP€ OF INSIRUMENTS 

(lrrlude nobe md -del nvmhr  01 e a h J  

C I n s t r .  Co. Model 1 1 1 b e t a ,  
5 I n s t r .  Co. Model 5 ! 1 

5 I n s t r .  Co. Model 2 1  , 1 1 

GN Survey Meter ~ gamma 
I o n i z a t i o n  Chamber I 1 ':+a 

S c a l e r  

I I M f W W .  FREQUENCY. AND STANDARDS USED IN CALIBRATING INSTRUM 

0 - 5000 ~ 20 / >ioni t o r  i n g  
- I -  

! 
i 
j Measuring 

1 Heasur ing  
- 1 Uptake I -  

S LISTED ABOVE. 

Survey I n s t r u m e n t s  Monthly,  Cobal t  60 s t a n d a r d s  
.-Measur ing-and Up Lake- w_9_ekl,v,-Lt.qnd.g d . 3  o h  f 2 ~ ~ s  

Film badges by Johnson Co. 
X Y Z  Co. Dosimeters  worn i n  t h e r a p e u t i c  work. 

11 WL IADGES. CQSIWTERS. AND BIO ASSAY PPOcLDUR€S USED (Par Glm b d p r  S G M ~  mfhd d cdibrotmg and prarsrmg, or nom. of svppia.r ! 
(Frequency once per  month) 

Range 0-200 mr /h r  (Frequency r e a d  d a i  

WWLEMENT5 ARACHED HtRfTO. I5 TRUE AND CORRECT TO THE BEST 0; OUR KNOWLXIGE AND BE1:EF. 

,- A -  

>oh Januarv  3. 1977 



S AAl P L E A PP L 1 CAT 10 N S 

FORM AEC-3 I3 

lrcni 13 

All isotopes are received and stored in the 
radioisotope laboratory. This facility is equipped with 
lead storage containers, portable lead bricks for 
shielding, remote handling tongs. work benches, 
sinks, trays, waste containers, and similar equipment. 
See attached sketch of layout. 

The isotopes treatment room is used for the 
administration of isotopes and for tlie uptake 
m e a s u r e m e n t s .  T h e  u p t a k e  a n d  measu r ing  
instruments are located in this room. The room is 
equipped with examining tables, laboratory bench, 
sink, and waste container. See attached sheet for 
animal uses. 

All isotopes must be procured by the Chief, 
RJdjoisotope Service. 

Isotopes will be stored in a locked storage 
container in the radioisotopes laboratory. Only 

pcrsons authorized by the ?rledial Isotopes Conimittce 
shall 1iave access to the storage container. 

Weekly surveys will be made with a GM survey 
metc'r in d1 areas where isotopes are handled, stored, 
o r  tlispcnsed. In addition, each rooin vacated by a 
palielit having received therapeutic doses of materid 
\vi11 be surveyed and decontaminated if necessary 
before occupancy by another patient. 

All repair and maintenance of sealed sources :IS 
well as leak testing will be performed by the X 
Company. 

When not in use, the cobalt 60 needles will be 
stored in containers which limit the radiation level at  
the surface of the container to 200 mr/hr or less and 
to 10 mr/hr or less at  one meter from the center of 
the container. For portable containers, the radiation 
level will not exceed 50 mr/hr at six inches from the 
surface of  the container. Portable containers will be 
equipped with a secure locking device. All transfers of 
needles from storage containers to transfer containers 
shall be done behind lead shielding using remote 
handling equipment. See attached sheet for animal 
uses. 

PROCEDURES FOR USE OF BYPRODUCT MATERIAL IN ANIMAL RESEARCH 
PROGRAMS 

All  samples of byproduct materials to be 
administered to  animals will be prepared in the 
radioisotope laboratory on easily decontaminated 
surfaces or in a ventilated hood if necessary. Rubber 
gloves and laboratory coats will be worn by personnel 
during these preparations. Remote handling tools are 
avdab le  and will be used when necessary. ,411 
pipetting of radioactive material will be performed 
with a remote pipetting device. 

Experimental animals will be caged in a room 
adjacent to the radioisoto2e laboratory. The animals 
will be injected with byprJduct materials either in the 
animal room or the radioisotope laboratory. The 
animals will remain in cages until their excretions 
contain only background amounts of byproduct 
material, or until they are sacrificed. 

The excreta from the animals will be disposed of 
i n t o  t h e  sanitary sewer in concentrations not 
exceeding those specified in section 30.303 of 10 
CFR 20, with a total disposal not t o  exceed 1 curie 
per year. 

All d r y  byproduct material waste will be 
deposited jn properly labeled metal cans provided in 
the laboratory and animal room. The cans will be 
lined with disposable polyethylene bags. Short-lived 
waste will be stored until i t  emits only background 
levels of radiation as measured with a survey meter at 
contact. The waste will then be disposed of in normal 

trash after all labels denoting radioactivity have been 
removed. 

S a c r i f i c e d  a n i m a l s  containing byproduct 
material will be stored in a freezer until they have 
decayed t o  background and then buried on hospital 
property. 

Animal  cages will be decontaminated with 
detergent and scrub brushes. Rubber gloves will be 
worn by personnel. Contaminated water will be 
flushed down the sink or floor drains in the animal 
room. 

The animal room and laboratory will be surveyed 
for contamination and radiation levels after each 
preparation and/or administration of radioisotope(s). 
The animal room will be locked unless attended by 
au tho r i zed  user o f  byproduct niaterial or the 
radiation protection officer. 

FORM AEC-3 13a 

Item 7 

MEDICAL JSOTOPES COMM JTT'EE 

Established by authority of Jack R. Jones, 
Administrator of XYZ Hospital as the administrative 
body responsible for safe use of radioisotopes and 
radiation devices within the ,XYZ Hospital. 



34 AEC LICENSING GL'IDE 

A. Membership: 
JOHN A. D. DOE, M.D., Clzainnan 
JOHN Q. PUBLIC, M.D., Puthologisr 
THOMAS N. ANDREWS. M.D., Iiiternist 
ROGER D. DOE, M.S., Radiation Protccricm 
0 ffic er 
%. Experience: 

. 

JOHN A. D. DOE, M.D., Chzirmun 
1947-Medica l  Degree ,  University o f  

Arkansas School of Medicine. 
1 9 5 2 - D i p l o m a t e  American Board of 

R a d i o l o g y  w i t h  the Medallion in 
Nuclear Medicine. Attended the Oak 
Ridge Institute of Nuclear Studies in 
1951. 

1952-1967- Used iodine 131, phosphorus 
33, gold 198. for diagnosis and 
treatment. cobalt 60 implants. and 
iridium 192 as encased seeds in nylon 
ribbon in treatment, and chromium 51 
and cobalt 60 for diagnostic procedures. 

JOHN Q. PUBLIC, M.D. 
1949-B.S. Degree, University of Pittsburgh 
195  I - M . D .  Degree ,  Un ive r s i ty  o f  

Pittsburgh. 
1957-Diplomate of American Board of 

Pathology. 
1958-Attended the Oak Ridge Institute of 

Nuc lea r  S tud ie s  basic radioisotope 
technique course in 1959 attended the 
Oscar B. Just Clinical Training Course 
for Pathologists. 

1959-Present-Used iodine 13 1, chromium 
51, cobalt, 60, cobalt 58, and iron 59 
for diagnostic studies. 

THOMAS N. ANDREWS. M.D. 
1949-B.A. Degree, University of Rochester, 

Rochester, New York. 
1953-M.D. Degree, Rochester School of 

Medicine 
1954-Attended the 1954 class of O& Ridge 

Institute of Nuclear Studies. 
1958-Attended the Columbus University 

postgraduate course and the clinic31 use 
of isotopes under Drs. Feideiberg and 
Quimby. 

1959-Diplomate of American Board of 
Internal Medicine. 

1959-Presen t -Used  i o d i n e  13  1 and 
p h o s p h o r u s  32  f o r  diagnosis and 
therapy. 

ROGER D. DOE. M.S.. Radiurion Protecriort 
OfjTcer 
1956-Attended the Oak Ridge Institute of 

Nuc lea r  S t u d i e s  bas i c  r a d i a t i o n  
p r o t e c t i o n  course and attended a 
16-week course at  Purdue University on 
counting technique and research uses of 
radioisotopes. 

1957-Reccived a M.S. Degree in Health 
Physics from Vanderbilt University. 

1 9 5 7 -  1959-Directed graduate students 
research and use of isotopes a t  Purdue 
University . 

1959-1960- Taught the staff and graduate 
special counting techniques; radiation 
p r o t e c t i o n ,  a n d  r a d i o i s o t o p e  
me thodulogy. 

C. Conitnittee Responsibilities: 

corn mi t tee responsibilities 
See  appendix B of this guide for typical 

D. Committee Admitiis rrative B-ocedu res: 
See appendix B of this guide for subjects to be 

iovered in submitting application. 

FORM AEC-3 13, 

Item 4.c 

SAMPLE 

NURSING LNSTRUCTIONS FOR PATIEhTS 
RECEIVING COBALT 60 

Patient 
mc of  cobalr 40 was inserted on 

at-p.m. 

No patient is to be released from the hospital 
until all radioactive cobalt is removed. 
No udiacent patient or visitors shall be within 
..-feet of this patient. 
Nurses or other attendants shall not remain in 
the immediate proximity o f  the patient for more 
than a total of ... hours per day. 
Unless otherwise notified, all excreta may be 
disposed of in the normal manner. 
No needles are tu be removed by anyone other 
than the physician(s) named above. 
If 3 source needle is accidentially removed or 
works itself out,  do not handle; immediately 
contact Dr. RoSer D. Doe (Extension 3680). 
I n  the event of death, immediately notify Dr. 
Roger D. Doe (Extension 36SO) or Dr. Jolui A. 
Doe (Extension 5122) and do  not remove the 
body from the room. 



4 

I 0 0  
LEAC 

:OIJTAINERS 

LEAD B R I C K S  
HOOD [ T I  

_AB BENCH 

Trays, 
Tongs, 

etc. 

R ADlOlSOTO P E LABORATORY 

n WASTE 
CONT. u 

I 
(Downstairs) I 

ANIMAL CAGE ROOM 

I 1 
1 I 

BENCH 

I J 

WASTE 
CONT. 

ISOTOPE T R E A T M E N T  ROOM 

WALL 

COUNTER 
:IN TI L1. A T  10 N 

UPTAKE 
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FORM .4EC-313a 
Item 4.c 

S A M P L E  

NURSING INSTRUCTIONS FOR PATIENTS RECEIVING 
GOLD 198 AND THERAPEUTIC DOSES OF IODINE 
131 

Patient - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

SUPPLEMEST SHEET 
Item 13 

FACILITIES ASD E Q ~ I P M E S T  
Facilities consist of nn isotope preparation and 

storage room and a diagnostic roo111 nhere doses are 
administered, uptakes measured, and samples counted. 

The storage and preparation rootti contains a stainless 
steel table covered with absorbent paper, sink, remote 
handliilg equipment, labeled waste disposal contniners, 
and closet where isotopes are stored in shielded con- 
tainers and behind lead bricks. 

Item 14 

RADIATION PROTECTION PROGRAM 

All radioisotopes nre procured in pre-cnlibrated as- 
sayed individual doses and stored prior t o  use behind 
lead shields in a closet in the preparation room. During 
administration of doses :o patients, rubber gloves will 
be worn. The preparation room, storage area, and 
diagnostic room will be monitored daily or after admin- 
istration of isotopes to patients. Uptake equi7ment 
and portable suney  meter will be checked daily and 
calibrated monthly. Isotope shipments are monitored 
immediately upon receipt ns  a cheek for damage, 
leakage, or contamination. Permanent records are 
maintained on all radioisotopes, shipments, doses ad- 
ministered, waste disposal, exposure of individual users, 
and any transfers of material t o  other authorized 
persons. 

Item 15 

KASTE DISPOSAL 
Liquid waste will be disposed of in accordance r i t h  

section 20.303 of 10 CFR 20. 
Solid wastes such as paper cups, tissues, empty isotope 

containers, etc., Rill be deposited in labeled waste con- 
tainers. Contents of coi~tsiners will be removed dsily 
by user and stored in locked closet for decay to back- 
ground level as mwsured by G l I  survey meter. These 
nrticles will be disposed in normal trash after removal or 
destruction of radiation labels. Contaminated in- 
struments, syringes, etc., stored for decay to back- 
ground in snme closet. 

This patient was administered _ _ _ _ _ _  _ _  mc of _ _ _ _ _ _ - -  
(isotope) 

a.m. 
on _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  a t  _ _ _ _ _ _ _ _ _ _ _ _  p.m. 

(date 

(1) If patient’s clothes or bed linens are contaminated 
by fluid originating in the patient, notify the above 
physician. 

(2) Wear rubber gloves while handling contaminated 
objects. Place gloves in “contnminated” con- 
tainer after use. 

(3) Xurses or other attendants shall not remain in the 
immediate proximity of the patient for more than 
a total of _ _ _ _ _ _  hours during _ _ _ _ _ _ _ _ _ _ .  

(4) Visitors must remain outside of tape on floor and 
patient must remain in bed while visitors are in the 
room during _ _ _ _ _ _ _ _ _ _ .  

(period) 

(period) 
(5 )  Unless otherwise notified, all escreta may be 

disposed of in the normal manner. 
(6) The patient may be released from the hospital 

after _ _ _ _ _ _  days. The above named physician 
will make this calculation. 

(7) In the event of death, immediately notify Dr. 
Roger D. Doe (Extension 3680) or Dr. John A. 
Doe (Extension 5122) and do not remove the 
body from the room. Dr. Doe will issue appro- 
priate instructions for handling cadaver. 

(SI When patient is discharged, room will be surveyed 
for contamination before remaking room. 

I O 4 8 5 2 5  



SAMPLE .APPLICATIONS 

____ __ - 
~ __--_ 
2 ME USING PHYSICIAN INDICATED ABOVE IS LICENSED To DISPENSE DRUGS IN THE PRACTICE OF MEDICINE BY A STATE OR TERRITORY 

Of M E  UNITED STATES. THE DISTRICT OF CO~UM(YA. OR M E  COMMONWEALTH Of PUERTO # IC0  ( Y E S )  

37 

NO 

-- 

IcI DESCRIY PROCEDURES WHICH will BE OBSERVED 10 MINIMIZE HAZARD FROM HANDLING STORAGE AND DISPOSAL OF THE BYPRODUCI MATERIU 
1. Stored in lead containers in locked stored area. 4 .  Ssaled sources will not 
2. Eandling by remote control and shielded dose CUPS. 
3. Disposal via sanitary sewer system, Cobalt 60 and 5 .  See attached nursing 

Strontium 90 returned to supplier f o r  disposal. 

be opened. 

ins true t ions . 
(dl DESCRVTION AND SKETCHES OF SPECIAL DEVICES TO BE USED FOR ADMINIS~€RING BYPRODKT MATERIAL TO HUMAN BEINGS ARE 1 11) A l l A C M D  ILmERAWRE RECEIENCES WILL SUFHCEI CIRCLE ANSWER 

(21 ON FILE WITH THE ISOTOfiS BRANCH 
REFER TO APPLICATION NO ClRClL ANSWER 

5 PROPO5ED DOSAGE SCHEDULE 
( 0 )  in mlllD~~,., fw , n t r ~ l l ~  o d m m d m d  blpodvrt mebn01 &kr m o m  dmrrm. l..d MUI(-. end an roen1p.n~ 01 rods as ~ppropml.,  lo, ~n*rngl or .xl.rml modi- 

w~on k a  d9scr.N 6N.d sourcn ( p o l d i r d i  coball ..r.dlm, .I( ) ,101. s.pemmly Io, soch cadobon or d m a s .  (VI. PO. 2 If .ncnsaql 

I See page 2. 

(bl INVESTIGATIVE PROPOSAL FOR EXPERIMENTAL NEW OR UNUSUAL HUMAN USES I S  AUACMED IAOachmrrl 
hwkd nclud. outlil). el Eond8lmnr 10 be .voluald includmg OOVD from a n m d  slud,.s and/or ab.lr& Of I~l.rOIWe 

nhrmr. If any. numb- end t y p  of potsenti 11 . 00. group.  moribund .)L I) 
ClRCL€ ANSWER 

__.__ ___- _____ 
BYPRODUCT M A T f R l A L  WILL OBTAINED IN PIECALIBRATED FOW FOR ORAL ADMINISTRATION OR IN PRECALIBIUTED AND STERILIZED FORM FOR 

I U N ~ D  Slartr AIOMK Euwo~ C o u l r s l o u  'arm AEC- 31 30 1 
( 1  1-63)  I ,o CFR 3o I APPLICATION FOR BYPRODUCT MATERlAL LICENSE-MEDICAL ~ ~ * ~ ~ ~ ~ N ~  ~ O - R O ~ O  ; 

PIG€ I SUPPLEMENT A-HUMAN USE 

I f  byproduct moterial I S  for "human u='' (Inferno1 odmml,trotvon of byproducf mokrtol, or the rodlotion herefrom IO human belngsl, 
complrte t h i s  supplement ond onoch to the opplicotion for byproduct moleriol license. - 

I lo) USING PHYSICIAN S N*LE 1 (b )  NAME AND ADDRLSS OF APPLICANT ( I d  di(hr.nl h a  I (a i l  
I 

' Same as I t e m  1(a) of Form XEC-313 

_- _- 
I 

__ __- -- __ 
A STATEMENT OF USING PHYSICIAN'S CLINICAL RADIOI~OTOPE EXPERIENCE {PAGE 3 OF THIS SUPPLEMENT] IS SUBMITTED IN SUPPORT 
OF THIS APPLICATION. I F  ANSWER IS L@. USE PAGE 2 Of THIS SUPPLEMENT TO EXPLAIN OR REFER 7 0  OTHER APPLICATION OR 
RELATED DOCUMENTS ON WHICH THIS I*~FORMATION APPWRS. ( Y E S ) :  NO 

I 
CICLE A N S W R  

PROPOSED DIAGNOSIS OR TREATMENT -____--- 
1 (01 DEXRE.E PURPOSE FOR WHICH BYPROWO MATERIAL WILL BE USED INCLUDING SPECIFIC CONDITIONS OR DISEASES TO BE DIAGNOSED OR TREATED 

(UW POP. 2 <I nr.,*oq). 

See page 2. 

( b )  CHEMI'3L FORM ADMINISERE9 

See page 2. 
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Dilution studies 

______-__.- 

UNITC3 CTAIES ATOMIC ENERGY COMMI'SIskJ 

APPLICATlOw 3 R  BYPRODUCT MATERIAL LiCiiJfE- 7DlCXL 
,UPPLEMENT A - PkECEPTOR SiATimENT I I.- ALL-313: 

' j I  I 631 ! P.Cl 3 
f- 

Tnis poge I S  to be completed by the cppliccnt physician s preceptor 
experience, obtoin o separate stotement I ron  each 

If  more thon one preceptor ir  necesrory to document 
Bock ot poge mcy  be u;ed 'or romnteuts. 

V NAME AND ADDRESS OF APPLICANT PHIXIAN I ~ I V ' I C  ZIP C m e  I 

I John A. D. D o e ,  M.D. 

Treatment of thyroid corcinomo 

Soluble 1 Treatment of leukemio 

I XYZ Hos i t a 1  
Co lesv iP le  . 11 1 i n o  i s  

i 

I 
I 

I 

CO-60 Interstittol treotment I 
I- 1 9 2 

I 0 4 8 5 2 1  

Introcovitory treotment 
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WHERE TRAINED 

9 E X P t R l t N C E  WITH RADIATION ( A ~ l y o l  *IC of rodcorrovops 0, tq~orol~nl r w p c r m r t  I - . __ .-_ _- -. - - _.__ - i DURATION OF EXPFRILNCE WHERE EXPERICNCL WAS GAINED iy;yl[ k$;:NT 1 .- - - - . . - - . 
M e t r o p o l i t a n  Hosp., Radio- 1 3 weeks i i s o t o p e  C l i n i c  I 

P-32 5 mc. S t a t e  Medical  School i 1 y r .  ('51) 
C-14 ! 5 Mc. ' S t a t e  Medical  School I 1 y r .  ( '51)  

~ 

- - -- TVPf OF USE 
.. 
Human- - D i a g n o s t i c  

and T h e r a p e u t i c  
Animal Research 
Animal Research 

T I P t  OF INS~RUMENTS ' NUMOEP I RADIATION I SENSITIVIII RANGE 

I -' ~ l n t l ~ ~ ~  m a l e  and moor8 "umber of .oral 1 A V A I L A I L E  1 DETECTED 

I T -  .- - - 
I 

I 
I 

Model XX S c a l e r  1 
Model W S c i n t .  D e t e c t o r  1 G a m  
hb. Moni tor  1 Beta ,  I 30,000 cpm 

Gama 

Survey Meter 1 Beta ,  0 - 50 m r /  
Gamma h r  

30 mg/cm2 

Measuring 
Measuring 
Moni tor ing  

Surveying 

I MtRlO? ; R ? r J I Y C I  AND S T A N ~ A R C S  LlSE5 F: C&L,52Al* \ ;  .llTRI,MENlS LIS'ED A & W E  
C a l i b r a t e d  a g a i n s t  S imula ted  1-131 s t d .  each day.  
C a l i b r a t e d  a g a i n s t  c e r t i f i e d  S tandard  once each  month. 

- .  - - . . .. - _- - . . _- 
12 FILM aADGES DOSIMETERS AND DIO ASSAY PROUDVRES USED (For hlm h o g = ,  spech mcthed of roiabroiing ond ~ r o < e w n g  or nom. of i-plier 1 

XYZ Company Film Badge S e r v l c e  - Frequency -- once p e r  month. 

CERTIFICATE (This item must  be  comple ted  by applicant) - -. .. .~ . . -. -I_ . . . . ._ . .. . _ _  - - .. .___.._____- 
6 THE APPLICAl4l A N D  ANY OFFICIAL EXECUTING THIS CER~IFICATE ON BEHALF OF THE APPLICANT NAMED I N  ITEM 1 .  CERTIFY THAT THIS APPLICATION IS 

PREPARED IN CONIORMITY WITH TITLE 10. CODE OF FEDERAL REGULATIONS PAR1 30, A N D  THAT ALL INFORMATICN CONTAINED HEREIN. INCLUDING ANY 
SUPPLCMENTS ATTACHED HERtTO. IS  TPUE A N D  C9RRfCT TO THE O E S T  Of OUR r tNOWl I3GE AND BELIEF 
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Uui Ico SILICS A10wC EucmGv COvlsSlON Form AEC-3 130 
( 1  1-63) 

10 CFR 30 APPtlCATlON FOR BY PRODUCT MATERIAL LICENSE-MEDICAL 

,AEC LICENSING GUIDE 

z:.w,.."b j a - ~ o a o  2 

(01 USWG ?HYSKhN S NAME 

John A. D. Doe, M.D. 

(bl N M  AND ADDRESS OF APCLICAM (If d , h m l  h a  I(ol1 

Same 

C K L E  ANSWR 

1 A STATEMENT OF USING PHYSICIAN 5 CLINKAL RADIOISOTO?E EXPERIENCE (PAGE 3 OF THIS SUPREMEMI IS SUBMITTED IN SUPPORT 
OF THIS APPLICATION I F  ANSWER IS &I, USE PAGE 2 OF THIS SUPPLEMENT TO EXPLAIN OR REFER TO OTHER APPLICATION OR 
REUIED DOCUMENTS ON WHICH THIS I*BORMATION APPEARS I - C ! K L  ANSWFR 

PR3POSED DIAGNOSIS O R  TREATMENT 

I 10) DESCRSE PUVOSE FOR WHICH BYPRODUff MATERIAL WILL BE USED INCLUDING SPECIFIC CONDITIONS OR DISEASES TO BE DIAGNOSED OR TREATED 

I U S . P E * ~ J ~ - . ~ ~ V )  1-131 as Iodide - Diagnosis of thyroid function; IHSA - blood volume 
determinations; labeled renal function compounds for renal function 
studies. 

( b )  CHEMICAL CORM UIMINISl€RE'I 

Iodine 131 Iodide 
Iodine I31 Iodinated Human Serum Albumin 
Iodine 131 Labeled Renal Function Compounds 

IC1 DE.SCRIO€ CPOCEDWS W U K U  Wlll BE CdSERVED TO WNlMlZE HAZARD FROM HANDIING. STORAGE, AND MSPOSAl OF THE 8YPRODUCF M A T E R I A l  
Byproduct material procured in individual pre-calibrated and assayed doses. 
stored behind lead shield in original shipping container prior to use. Handling by 
remote instruments or in shielded containers. Labeled waste disposal container 
available. For additional information see attached sheet. 

Doses 

(dl D E X R W O N  AND SKFTCHES OF SF€CIAl DEVICES TO BE USED FOR ADMINISTERING BYPRODUCT MATERIAL TO HUMAN BEINGS ARE 
( I )  AlTACHED (LRFRANUIE REFERENCES WILL WFf lCEl  

12) 01 FILE WITH THE ISOTOPES BRWCH 

REFER TO APPLICATION NO 

CIRCLE ANSWER 

ClKU W S W R  

5 PROPOSED DOSAGE SCHEDULE 
IoJ In m d l i ~ r w  IOT i n l i d l y  odnmisl.r.d bypoduct m h r d  ohr Ihm daurr. 6x.d .ourcn 04 8" r-ntgms OT rods. os oppropsol. lor m - w d  e, . x t n n g l  orrod,. 

almn h a  dwcr.t* 6m.d IOUIC" ( p o l d r d ~ .  cobdt mdln. .1c ) sbl. mpornbly lo, -h cadihon 01 do*-. ( v u  pap. 2 $1 ncniory) 

Iodine 131 Iodide Up to 25 microcuries 
Iodine 131 IHSA Up to 20 microcuries 
Iodine 131 Labe led Rena 1 Up to LO microcuries 

Function Compounds 

1 ,  WE USING CMYSICIAN INDICATED ArOVL I S  LICENSED TO DISPENSE DRUGS IN THE P I A O K E  OF MEDICINE BY A STATE OR TERRITORY 
(YES 1 OF WE UNIlED STATES. THE DlSTRlCf OF COLUMUA. OR THE COMMONWEALTH OF WERTO RlCO. 

- 
I if BY?RODUCI MATERIAL WILL OBTAINED IN Pi(ECALI8RATED Fob4 FOll ORAL AOMINISTRATION OR IN PRECALIBRATED A N D  STERILIZED FORM K ) R  

?ARENTEIUL ADMINISTRATION. MSCRlBf IIXMIFICATION, PROCESSING. A N  Ci STANDARDIZATION PROCEDURES 

Not applicable. 

No 

TH€ ?ROPOS€D USC ff ~YPRODUCT MATERIAL HAS BEEN OR WILL M. *?PROVED BY THE MEDICAL ISOTO?E COM. 
M l l l E E  NONE ClRClt ANSWER 

1 0 4 8 5 2 9  

'IEs No 
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(*I (81 'C) 

No Ob,e,red 
[See 1 m Ley below) 

ISOTOPE CONDITIONS DIAGNOSED OR TREATED 

I- 1 3 1 Dlognosis o f  thyroid function 5 
Dilutlon studies 1 
Excretion studies 1 
Brom tumor locolizotian I 

4 

ID) 
NO Casts Inrolvmg Porsonol 

Pmtiripofian (See 2 nn key bdow 

15 
5 
6 

p - 3 2  
Soluble 

Treotment of hyperthyroidism 

Treatment of cordioc condifionr I 
Treatment of thyroid corcinomo 1 0 
Treotment of polycythemto 

Treotment of leukemio I 

Treotment of bone rnetostores I 

Introcovitorv treotment I 
Tumor localization ~ I 

I ! In!crstttiaI treatment I 

-- 
lnterrtitiol treotment 
Sconning studies , 

- 
co-sa or 

co-60  

Sconning studies I 

Diognosis of pernicious onemio 

c s - I J /  1 I I 
i t S r - 9 0  1 Treotment o fuoer f ic ia l  diseases of the eye 

I- 192 
Co-60 or 

.-- 

y 21, 1971 hours  I I DAiES AND iOTAL NUMBER OF HOURS OF CLINICAL RADIOISOTOPE TRAINING lune 30 1971 to jUl 

Intracovitory treatment 

Teletheropy treotment 

12 THE TRAINING AND EXPERIENCE INDICATED ABOVE WAS OUTAINED UNDER THE SUPERVISION OF John ,??nes9 - 



AEC LICENSING GUIDE 

C l T Y  H _ O S P I T _ A I :  

January 2, 2972 

John A. D. Doe, M.D. 
502 Medical Plaza 
Colesville, Illinois 

Dear Dr. Doe: 

We are pleased to advise you that the City Hospital 
Board of Directors has approved your request for per- 
mission to admit patients containing radioactive mate- 
rials in this hospital. 

This agreement is made with the understanding that you 
will provide the necessary instrumentation, radiological 
safety and nursing instructions f o r  hospital personnel. 

Very truly yours, 

Reem, M.D. 
Hospital Administrator 

I 0 4 8 5 3 1  
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APPLICATION SAMPLE 3 - PRIVATE PRACTICE 

Form AEC-3 13 
[ 11-63) 

I O  CFR 30 

f- apprord 
ATOMIC ENZUGY COMMISSION 

nudg.1 krr.ou M 18-noz7 4 APPLICATION FOR BYPRODUCT MATERIAL LICEHSE 

Roger D. Doe, t4.S. 

~~ 

: 
INSlRUCTlONS -Cornplele I f e m  I through 16 $1 t k ~  I S  on milid application If oppl~cotwn I S  for renew01 of o Iacense. complete miy Items 1 through 
7 and mdicate w r  informofion OI ch0ng.r ~n the proprom or requested on I k m t  8 Ihtouph IS Item 16 
mutt be completed on a11 opplicotionr U S A t o m c  Energy Commission, Washington, D C , 2OSA5. Anention Isotopes Branch. 
Division Mat.rlali Licansing. An AEC By 
pod& Moterd Licente 8 1  issued an occordance wlth the general requwcmmtr conlained In l'tle IO, Code of F&rol R.gulat*onr, Pofl 30 and the Licmtce 
IS tublee to ldle IO. Code of Fderol Regulctlons, Pofi 20 

use rupplsmenlol rheelr where necessary 
Mod three copces lo 

Upon approval of this opplsotion, the oppl~ont w11 mceira on AEC Byprodud Motel~al Llccnse 

Iodine 131 Iodinated Human Serum Albumin ( v i a l )  1 millicurie 

Labeled Renal Function Compound (vial) 1 millicurie 

--- J.0 4 8 5 3 2 



AEC LICENSING GUIDE 

UUlTED SlblES AIOMIC ENERGY CO-lSSlOU Form AEC-313a 
( I  1-63) 

10 CFR 30 1 APPLICATION FOR BYPRODUCT MATERIAL LICENSE-MEDICAL 
4 

1 

Form appo-d 
sudprt ourrou N~ m-noao; 

(01 USING PHYSICIAN 5 N M t  

I Sane 
I 

[bl N M  AND ADDRESS OF APILICAHT (ll d i h r n i  horn l lo l l  

M E  USING PHYSlClAN IN1ICATED AbOVE IS LICENSED TO DISPENSE DRUGS IN THE PRAaICE OF MEDJCINE BY A S T A E  OR TERRITORY 
OF M E  UNITED STAES. THE DISTRICT Of COLUM~!A, OR W E  COWONWEALTH OF W E n O  RlCO (YES) 

CIRCLE ANSWFR 

A STATEMENT OF USING PI~YSICIAN'S CLINICAL RADIOISOTOPE EXPERIENCE [PAGE 3 OF THIS SUPPLEMENTI I$ SUIMITTED IN SUPPORT 
OF THIS APPLICATION IF ANSWER IS-, USE PAGE 2 OF THIS SUPPLEMENT TO E X P L A I N  OR REFER 7 0  OTHER APPLICATION OR 
RELAT€D DOCUMENTS O N  WHICH THIS I*~FORMATION APPEARS ( Y E S )  

(bl CHEMICAL FORM ADMINISTERE') 

Iodine 131 Xodide 
Iodine 131 Iodinated Human Serum Albumin 
Iodine 131 Labeled Renal Function Compounds 

NO 

NO 

14 DEScRW PROCEDURES WHICH WILL UE 5BSERVED TO MINIMIZE HAZARD P R O M  HANDLING, STOPAGE. AND DISPOSU Of THE BYPROWQ M A T E R I M  
Byproduct material procured in individual pre-calibrated and assayed doses. 
stored behind lead shield in original shipping container Trior to use. 
remote instruments or in shielded containers. Labeled waste disposal container 
available. For additional information see attached sheet. 

Doses 
Handling by 

{dl M S C R P T O N  AND SKETCMS Of S E C I U  M V U L S  10  BE USED FOR ADMINISTERING BYPRODUCT MATERIAL TO HUMAN U I t I C S  CRE 
[I) ATlACHED (LtTERAWE REFERENCES WILL SUFFICE1 CIRCLE ANSWER 

(2 )  ON FILE WITH THE ISOTOPES 8RANCH 
REFER TO APPLICATION NO CIRCLE WSWR I 

i PROPOSED DOSAGE 5CHEWLE 
10) In mill i~r~..  lor ~nlrnol ly  odrnmtst.r.d bypodKf mi.rml ahr h r n  d8srr.I. f i * d  %wir- and to r w n l w m  01 reds, c-~ appmmol. 4er m m r d  or .ntrrngl irtodi 

dm h a  dis<r*i. fixed S O U I C ~ I  (geldid,. robdl mdlm,  d r  itch rqommly  lor .ach rad ihan  01 d*,.an. (US. pow 1 11 ~ r c n r o ~ l  

Iodine 131 Iodide Up t o  2 5  microcuries 
Iodine 131 IHSA Up to 20 microcuries 
Iodine 131 Labe led Renal Up to $0 microcuries 

Function Compounds 

. IF BYPRODUCT U T E R I A L  WILL OBTAINED IN PRECALIBRATED FORM COR ORAL ADMINISTRATION OR IN PRECALIBIUTED AND STERILIZED FORM FOR 
?ARENTEPAL ADMINISTRATION. DESCRIBE IMMIFICATION.  PROCESSING. A N  3 STANDAB.DlZAllON PROCEDURES: 

Not applicable. 

. THE PROPOSED USC Or BYPRODUCI MATERIAL HAS BEEN. OR WILL BE. APPROVED BY THE MEMCAL ISOTOPE C O W  
MmEE. NO% CIRCLE ANSWER 1 'ILS 

~~ ~ 

HOSPITAL FACILITIES F O R  INDfVlDUAL PRACTICE 

( 0 1  THE APPLICANT HAS COMPKIED ARRANGEMENTS FOR A HOSPITAL TO ADMIT *ADIOACTIVE PATIENTS &HEN. 

Ibl A COPY OF INSTRUCTIONS TO BE FURNISHED TO THE HOSPITAL AS TO RADIOLOGICAL SAFETY PRECAUTIONS 

1 
See attached sheet ClRQf LNSWEQ 1 ( 1 EVER ADVISAME 

TO -E TAKEN AND AVAILAIE RADIATION INSTRUMENTATICN IS AT: ACHED C K L E  ANSWTR [ 1 ( No) 

I 0 4 8 5 3 3  t 



APPENDIX F 

NON-ROUTINE MEDICAL USES OF BYPRODUCT MATERIAL 

Experimental and nonroutine medical uses of 
byproduct materials include all human uses not 
specified in Appendix D. Such uses may be classified 
into one of two phases of development: 

Clinical Research applies to a new use of 
byproduct material in humans. Little or nothing 
is known about the procedure and little or 
nothing has been published on the subject. The 
basis for proceeding with the ncw use in humans 
is derived from knowledge obtained from animals 
studies. This phase of development includes the 
initial introduction into humans and initial trials 
on a limited number of patients. 

Clinical Evaluation applies t o  the planned 
testing of a new diagnostic or therapeutic 
procedure in an appropriate series of control and 
diseased humans. The procedure and results of 
c l in i ca l  research wiil ordinarily have been 
reported in the literature or at  meetings. If 
adequate information has not been published, 
the applicant should have spent sufficient time - with those who developed the test, t o  be 
thoroughly familiar with the details. 
The clinical research phase of experimental or 

nonroutine medical use by byproduct materid is 
no rma l ly  limited to  licensees who have broad 
experience in the use of radioisotopes and who have 
appropriate facilities and equipment available to 
conduct research. Research should be pursued by 
g r o u p s  of competent investigators representing 
different disciplines rather than by single individuals. 
The individual physician to be designated o n  the 
license as the authorized user should normally have 
b r o a d  a n d  va r i ed  experience in the use of 
radioisotopes and in clinical research investigation. 

The clinical evaluation phase of experimental or 
nonroutine medical use of byproduct material is 
normally limited to licensees under the supervision of 
;u1 individual physician with broad experience in 
clinical evaluation and the use of radioisotopes and 
under the guidance of a radioisotope committee 
representing a number of disciplines. Adequate 
resources to conduct the trials shall be available. 

Applications for experimental or nonroutine uses 
of byproduct material in humans are reviewed with 
t h e  ass i s tance  of the Commission's Advisory 

C o m m i t t e e  o n  t h e  Medical Use of Isotopes. 
Applications should be supported by a research 
protocol which includes: 

1. Title of study. 
2. The purpose for conducting the study. 

Indicate whether the study is to be clinical research 
or clinical evaluation and explain why. 

The plan of investigation in sufficient d e t i l  
to permit a critical evaluation of the methods for 
c o n d u c t i n g  t h e  experiments and the controls 
established. 

4. A statement as to whether any planned 
complementary drug or radioisotope administration is 
contemplated in conjunction with the study. 

A statement abour the expected fate of the 
isotope administered and if the procedure is for 
therapy, 3 statement about the expected effects. 

A. If the application is for clinical research, 
a n  outline of related work conducted by the 
applicant or others in laboratory animals and in 
humans, including data on localization, effective 
half-life, and radiation dosage. If no  work has been 
c o n d u c t e d  in animals, explain why. Pertinent 
references and a brief abstract prepared by the 
applicant of published or unpublished material should 
be submitted. (The brochure of a commercial supplier 
is not a satisfactory authority for this purpose. It is 
not necessary to include with the application reprints 
of references.) 

0 .  I f  t h e  applicarion is f o r  cliizical 
evahiarioti, pertinent references and a brief abstract 
p r e p a r e d  b y  t h e  a p p l i c a n t  of published or 
unpubl i shed  material, including infotmation on 
localization. effective half-life, and radiation douge. 
(The brochure of a commercial supplier is not a 
satisfactory authority for this purpose. It is no t  
necessary to include with the application reprints of 
references.) 

7. A description of the human subjects to be 
studied: 

A. Persons without manifest disease-number, 
method of selection, age range. 

B. P e r s o n s  with manifest disease-number, 
nature of pathology, method of selection, 3ge range. 

C. Pregnant women shall ordinarily be excluded 
f r o m  any test not involving the condition of 

3. 

5 .  

6. 
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46 AEC LICENSING GUIDE 

pregnancy itself. Specify whether or not pregnant 
women will be tested and if so, explain why. 

8. C o n f i r m ? t i o n  tha t  consent of human 
subjects, or their representatives, will be obtained to 
participate in the investigation except where this is 
not feasible or, in  the investigator’s professional 
judgment, is contrary to the best interests of the 
subjects. 

9. The dose range (microcuries or millicuries) 
t o  be administered and the method o f  administration. 

10. Calculations of the radiation doses delivered 
to the whole body and to the critical organ(s). The 
calculations shall contain information about: 

-’ 

A. The expected half-life in various organs 
B. The rationale for using the dose selected. 
C. T h e  r a d i a t i o n  d o s e  d u e  t o  o t h e r  

simultaneous or accompanying radioactive isotope 
test which may be administered. 

11. A statement of the institutional resources 
available to support the study including: 

A. Physical facilities and equipment especially 
suited for the study under consideration. 

B. Availability of clinical material. 
C. T y p e s  o f  consultation or collaboration 

available including the name of the sponsor of the 
study i f  other than the applicant. 

19,. Qualifications of the individual physician 
who will be responsible for the study, including a 
summary of research training and experience and 
pertinent training or experience in the use of 

13. Estimated time needed to complete the 
study. 

14. A schedule for reporting results of the study, 
and an outline of the type of information to  be 
included in the report. The schedule can be in terms 
of time intervals or number of subjects studied. If 
studies are to be long range, interim reports should be 
provided. 

-, radioisotopes. 

Each report should include: 
A. A statement of the purpose for conducting 

the study. 
B. A summary o f  the clinical information 

provlded by the diagnostic or therapeutic procedure 
which includes the following information: 

(1.) The radioisotope administered, its chemical 
form, and route of administration. 

( 2 . )  The number of patients involved in the 
study, their ages, sex, and clinical diagnosis before 
administration of the radiopharmaceutica1. 

(3.) The dosage and frequency of administration. 
(4.) Complementary drugs administered, if any. 
( 5 . )  T h e  m e t h o d  o f  p r e p a r a t i o n  of the 

radiopharmaceutical, if it was not obtained in a 
prepackaged, precalibrated, sterile and pyrogen-free 
form from a pharmaceutical supplier. 

(6.) Special radiation detection instrumentation 
used. 

(7.) A statement of organ distribution and an 
estimate of the respective biological half-life of the 
administered radioisotope as determined during the 
course of the study. State the rationale behind these 
e s t i m a t e s  or m e t h o d s  used  t o  m a k e  t h e  
determination. 

(8.) A synopsis of the toxicity data obtained. 
(9.) Br ie f  c l in i ca l  histories of 311 patients 

e x h i b i t i n g  a n y  a d v e r s e  r e a c t i o n s  t o  a n y  
radiopharmaceutical administered. The investigator 
s h o u l d  desc r ibe  the reaction and include his 
interpretation of the nature and cause o f  the reaction. 

C. An evaluation by the investigator of the 
safety and efficacy of the diagnostic or therapeutic 
procedure. This evaluation should include 3 statement 
of side effects, toxicity, contraindications, and 
ineffectiveness. In the case o f  diagnostic procedures, 
the investigator should state whether or not the 
resultant diagnosis was confirmed by other methods. 

1048535 
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APPENDIX G 

TYPES OF INSTRUMENTS NEEDED FOR MEDICAL PROGRAMS 

The type and quantity of radiation detection iodinated human serum albumin for brain tumor 
instrumentation for a clinical radioisotope program localization and phosphorus 32 for locahzation of 
depends upon (1) type and quantity of radioisotopes brain and eye tumors involved the use of highly 
possessed and the nature of their use, (2) chemical spec ia l i zed  scanning  instrumentation including 
and physical form of the isotopes, and (3) type and directional collimators or probes. 
volume of work. Certain diagnostic and therapeutic 
u s e s  of i s o t o p e s  m a y  involve  spec ia l i zed  The attached table lists radiation detection 
i n s t r u m e n t a t i o n .  For example, iodine 131 as instruments needed for various isotopes and uses. 

INSTRUMENTATION NEEDED FOR MEDICAL USES OF BYPRODUCT MATERIAL 

Item 

Instrumentation: 
k Measurement: 

1. Uptake 

2. Biological 
specimens. 

B. Radiation survey: 
1. Low level 
2 .  High level 

C. Personnel 
monitoring: 

1. Film badge 
2. Pocket meters 

1-131 

- 
tu-19 

- 
Ther. - 
- 

- 

X 
X 

X 
X 

- 
H-3 
1-14 

Diag. - 

- 

X 

X - 

- 
- 

1-85 

Ig-203 

Diag. 

16-197 

- 

- 
do 991 
J 99m 
enerator 

Diag. 

- 

- 

X 
X 

X 
X 

Remarks 

Diag. 

Girl or scintilla- 
t ion.  Detector 
a n d  s c a l e r s  
( s p e c i a l i z e d  
scanning equip- 
ment for special 
d i a g n o s t i c  
procedures). 
W e l l - t y p e  
s c i n t i l l a t i o n  
detection and 
s c a l e r  - Liquid 
scintillation for 
H-3 & C-14. 

GM survey meter. 
Su rvey  meter 
c a p a b l e  o f  
measuring up to 1 
r o e n t g e n  per 
hour. 

X = Needed. 
- = Not necessary. 



APPENDIX H 

4 

INFORMATION ON FACILITIES AND EQUIPMENT AND OPERATING 
PROCEDURES TO BE INCLUDED WITH THE APPLICATION 

The following indicates the areas in which 
detailed descriptive information should be submitted 
in the application. 

The procedures that ensure that responsible 
persons are promptly iiotified of receipt of byproduct 
material. 

2. T h e  m e t h o d  o f  mon i to r ing  packages 
containing byproduct material to ensure that the 
contents have not been spilled during transport. 

The procedures and facilities used to move 
the byproduct materid to storage or the place of use. 

The storage facilities and security procedures 
used to restrict access to the byproduct material to 
authorized users. 

5. The facilities, equipment, and procedures 
that will be available for handling and storage of 
radioactive material. An explanatory sketch of the 
work areas and a listing of fume hoods, remote 
handling equipment, lead brick, or barrier shields, and 
storage containers should be submitted. 

6. The facilities and procedures for storin: 
waste byproduct material prior to disposal. 

7.  The procedures for removing from storage, 
t ransporting, and returning to storage radiation 
sources for interstitial and intracavitary treatments 
and the accountability methods used to ensure that 
all sources are returned to storage. 

The routin? visual arid radiation surveys that 
will be made of areas where byproduct material is 

1 .  

3. 

4. 

8. 

used and stored. 
Since sealed sources of radioactive material 

a re  tested for leakage at  periodic intervals, 
information about how the leak tests will be 
con duct e d. 

NOTE: The application should specify that the 
le& test shall ( 1 )  be made by a person presently 
authorized by the Commission t o  perform such leak 
tests, or ( 2 )  describe how the test sample will be 
taken and confirm that the test will detect 0.005 
microcurie of removable activity from the test 
sample. The applicant can obtain from the supplier of 
the sealed source information relative to persons and 
firms authorized to perform leak testing. Radioactive 
sources such as wire, needles, medical applicator 
capsules containing wire or needle sources, and 
metallic seeds do  not require leak testing. Beta 
applicators and encapsulated radioactive material 
used in radiation effects studies and as calibration 
sources require l e k  testing. 

10. The method used to keep records of reciept, 
transfer. and disposal of byproduct material. surveys, 
and personnel exposures. 

11. I f  therapeutic doses of iodine 13 1 and gold 
138 0; cobalt 60 are requested. 3 copy o f  the 
operating instructions to nurses and hospital 
personnel concerning how to hmdle these patients 
and visitors to such patients. 

9. 

’. 
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APPENDIX I 

INFORMATION FOR COMMISSION APPROVAL OF TREATMENT OR 
DISPOSAL BY INCINERATION 

I. For compounds containing isotopes such as 
carbon 14, hydrogen 3, sulfirr 35, etc., which 
volatilize at the tempemture at which the incinerator 
operates. 

A. Quantity of each isotope to be disposed of 
in terms of microcuries per day or similar units. 

B. Characteristics of the incinerator such as 
height of the stack, height of and distance of 
buildings in the surrounding area, rated air flow of 
the incinerator in cubic feet per hour or similar units, 
and expected dilution factors (if necessary). 

C. T h e  m e t h o d  o f  measurement of ,  or 
e s t i m a t i o n  o f ,  t h e  average concentration of 
radioactive material in the effluent at the point it 
leaves the stack. 

II. For compounds where significunt portions 
o f  the isotopes m y  remain in the ash residue. 

A. The type, quantity, and chemical form of 
byproduct material to be incinerated in terms of 
microcuries per day or similar units. 

4 

B. Characteristics of the incinerator such as 
height of the stack, height of and distance to  buildings 
in the surrounding areas, rated air flow of the 
incinerator in cubic feet per hour or similar units, and 
expected dilution factors (if necessary). 

C. T h e  m e t h o d  of measurement of,  or 
e s t i m a t i o n  o f ,  t h e  average concentration of 
radioactive material in the effluent at the point it 
leaves the stack. 

D. The method of measurement or estimation 
of the concentration of radioactive material appearing 
in the ash residue. 

E. The procedures which will be followed to 
prevent overexposure of personnel during all phases 
o f  the operation. Include instructions given to 
persons handling the combustibles and the ashes. 

The method of disposing of contaminated 
ash. 

F. 

1 0 4 8 3 5 3 8  



OTHER A E C  LICENSING G U I D E S  

1. Plutonium-Beryllium Neutron Sources for Uses Other Than Well-Logging 

2. Fabricated Plutonium Alpha Sources 

3. Plutonium-Beryllium Neutron Sources for Well-Logging 

4. Fabrication of Thorium-Magnesium Alloys Containing Not More Than 4 
Percent Thorium 

5. Processing Plutonium and Urmium 1-33 

6.  Processing Source Material 

*7. Medical Standards for Reactor Operators 

*8. Transportation of Irradiated Fuel Elements 

"9.  General Aspects of Byproduct Material Licensing 
Y' 

* 10. Broad Byproduct Material Licenses 

1 1. AEC Licensing Guide-Teletherapy Programs 

12. The Purpose, Organization snd Contents of Hazards Summary Reports for 
Power Reactors 

13. AEC Licensing Guide-Industrial Radiography 

*In preparation. 
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h .  Nucl ides  Tor w1iic .h  t h e  thy ro id  i s  the  c r i t i c a l  organ can bc u:;ed i n  
\l~zrmtitics t l u w  -times that speci i ' icd i n  the tab le  as p c r n i t t c d  by  U C  
14anwil Chapter 0524. 
f o r  " o t m r  orGaiis" c m  be u t i l i z c d  i f  t h e  c r i t i c a l  organ i s  Emown wi th  
some assurance.  Othendse, t h e  dose should be l i m i t e d  to t h a t  pe rmi t t ed  
f o r  t h e  whole bcdjr. 

Corresponding i n c r c w c s  p e r n i t  Led by Llunual C'napter 

5. If the source i s  encapsula ted  i n  polyethylene tub ing  o r  o t h e r  impervious 
mtericil t h a t  w i l l  no t  be  r e l e a s e d  i n  t h e  body and w i l l  be e l imina ted  i n  
about 21; h o u s ,  t h e  maximum a c t i v i t y  used m d  t h e  number of experiments 
zerfomed ccn be a d j u s t e d  such tna t  tile dose r ece ived  docs n o t  exceed 0.3 
rem p e r  wed: o r  5 rea per year  t o  t l m b  p a r t  of t h e  g a s t r o i n t e s t i n a l  (G.I . )  
t r a c t  deen2d t o  be t h e  c r i t i c a l  cn-~sn. As po in ted  out  i n  t h e  footnote  t o  
t h e  table i n  reference 2 ,  tile vaiues given i n  co'lumns 4 and 7 for  a dose 
rntc of 0.0:;3 x m  p e r  day i)c con:;idered es xruximm permLscible values 
f o r  continuous exposure Fhen the G . I .  Lract i s  t h e  c r i t i c a l  tissue. 
Coacequently, e i t h e r  a sixcic c:q-,e;crin;cnt a t  7 t i n e s  this value or 7 
e x p t r i n z n t s  a t  % h i s  valu.2 could L e  $cri 'ormd each week. 
strentTtfi i s  s u f f i c i e n t l y  high o r  ;he nucl ides  s u f f i c i e n t l y  long l i v e d  t o  
c c n s t i t u t e  any si@i'icant hx-.ari t o  others i f  t h e  c q s u l e  should be 
opcncd, thc source u i l l  be l * c L - ~ ~ v c ~ x L ~  nrld properly disposcd of after 
t e ix i r iu t ion  al' the D tudy . 

I f  t h e  source 

6 .  chemical t0: i ic i ty  i s  t o  be con:;iiicl.c.ci s p e c i f i c a l l y  i n  each case,  and w i l l  
bccone 3 l i n i t i n G  faccor  whcii t h e  i : r e s h o l d  l i m i t  i s  reached. 
a s o l u t i o n  of n z t i y l  i od ide  cantainir;iJ r a d i o a c t i v e  iod ine  t r a c e r  could be 
nore t o x i c  chemical ly  then radiochcrdcally if t h e  s p e c i f i c  a c t i v i t y  were 
s u f f i c i e n t l y  lo!:. 
a c t i v i t y  being ndn in i s t e red  m u s t  be e s t u h l i s h e d  beyond quest ion.  

For e x q l e ,  

Both t h e  chemical cind radiochemical  p u r i t y  of t h e  

Since uany volunteers w i l l  inevi1,ai)L; be obta ined  from our  owri sub- 
ordi r la tcs ,  ire w s t  tie p a r t i c u l a r l y  ca :*~l .u l  to uvoid any suGgecticjn of coercion 
o r  mnndatory p a r t i c i p a t i o n  as a conki t ioi i  of e::plo;lrment. Conscnt forms m y  
n o t  even be d i s t r i b u t e d  f o r  s lpa txrc  wti l  t h e  poxcnticrl vo lun tee r  has been 
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Presented  at the TGrelfth M , u 1  Bioassay and halyt , ical  Chemistry Meeting, 
4 0:to'oer 14, 1.966 a t  Gzt l in jurg ,  Temessec. 
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Effective Fraction Test:; Nix i.nm Lbsc Keceived, rcm. 
Ihlf-lii'e of C o l p u ~ s  pcr 3 ' L r s t  WccL ~ l i - s t  xcur Totnl  ., 5 or  3 1 e.-- 1 T e s t  1 . h ~ .  1 Test 14a.x. 

Id  day0 1 1; 0.3 1.23 5.16 1.29 5.16 

1' ,, week:; 1/4 3 4 0.069 1.25 5.00 1.33 5.32 

i yecr 1/10 1 0.05 1.15 1.1 j 2.3 2.3 
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Nuclide 
Taken 

J 

Qzmtit-y, La%o lj2 rff. CkLmical  Fhysical 
t C  D Tdwn dnya TCr-IIl Fcnn Route ---- 

a 

d' 

I, , do hereby a:kr.oi!ledge t ha t  I have 
vo lun tee red  as an PZC employee t o  p a r t i c i p a t e  p?.rsonally i n  a 
s c i e n t i f i c  i i w e s t i g a t i o x  proncted bv ard f o r  th. A t L m i o  Energy 
Commission. 
a small q u a n t i t y  or q 2 a c t i t i E s  of rad io iso tope :  which has  been 
e s t ima ted  by t h e  iriireEtigaC,ors an3 t h e  I C  hkdical Branch t o  d e l i v e r  
less t h a n  -- t.hz r a d i a t i o n  g J 5 e  limits pemiittc-d m e  
f o r  occupat iona l  r u d i n t i c n  el-poeurc . I understand that a documented 
r e c o r d  of these Isotzpe studic-s \viil be on f i l e  wi th  t h e  ID Heal th  
and S a f e t y  Division as p a r t  of my c c r c p a t i o s s l  exposure and/or 
n e d i c a l  r e c o r d -  

I understend t!Le st.&- r e p i r e s  mc t o  take i n t e r n a l l y  

Witnesses: 
:;At 5 

Signa tu re  

S ignz tu re  

Experinent  No. 

Approved By : h t , c  : 
Chief,  Arxilyticai U l i e m l L t r ; r  Briirich 

Study Coxplete,? : 
Gat e 
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D r .  Gould A. Andrew 
Calk Ridge I n s t i t u t e  of Nuclear S tud ie s  
O a k  Ridze, Tennessee 

Dear B r .  Andrews: 

Carl Unruh mentioned t h a t  he had m opportuni ty  t o  v i s i t  
i r i t h  you a t  a recen t  n e e t i n g  of' the Cormittee on "Treatment of Acute 
Eadint ion I n j n r y  Under r led ica l ly  Austere Conditions.  '' 
r cn t ioned  your  i n t e r e s t  i n  conducting s t u d i e s  t o  r c l a t e  t h e  uptake,  
e l imina t ion  rate , and bociy burden r e l a t i o n s h i p s  for rad ionucl ides  
with s o m  terminal p a t i e n t s  at your  f a c i l i t y .  

Le also 

!Ihe rad ionucl ides  of most i n t e r e s t  a t  Iianford a r e  i so topes  
m d  compounds of plutonium, uranium, tritium, americium, thorium, 
s t ront ium,  technetium, w d  proxethium. 
of plutonium and because t h i s  element i s  handled i n  r a t h e r  l a r g e  
q u m t i t i e s  at E m f o r d ,  I feel a p a r t i c u l a r  need for  more humin r e sea rch  
i n  t h i s  are;?. 

Because of t h e  radiotooxicity 
- 

- Y  

A s  you k n m ,  c x i s t i n z  r o d e l s  r e l a t i n g  plutonium d q o s i t i o n  
i n  hma-?s t o  exc re t ion  data a r e  of l i m i t e d  use e s p e c i a l l y  ifhen t h e  
compounds invol-ad arc i n s o l u b l e  i n  t h e  lung  t i s s n c s .  
l i t t l e  ~ ~ o r l ;  113s been done on ~ O I J  tlic bow I;letnholizcs plutofiium de- 
posi ted zt  wound si tcs.  
e x c r e t a  d a t a  to i n t e r n a l  depos i t i on  when the p a t i e n t  i s  being treated 
i r i t h  c h e l a t i n g  agents .  
p t i e n t  i s  no l o n p r  being t reatcd v i t !~  c h e l a t i n g  acents b e f c r e  rxh ing  
t h e  evs lua t ion .  bring t h i s  perioci of t i x e ,  it has bccn my e,xperience 
t h a t  t h e  p a t i e n t ,  h i s  fa-dly, and h i s  nanaeernent bccom anxious t o  
lizve ai estim3k.e of t h e  patie-t's i n t e r n a l  cicposit ion i n  criler t o  
?!etei-nine his f u t u r e  lrorli s ta tus .  

Also, very  

1~n';hcmatical aodels Fire a l s o  needed t o  relate 

%le normal procedure i s  t o  vait  u n t i l  t h e  



19 Group has r ecen t ly  eve lua ted  s e v e r a l  techniques f o r  
neasar ing  p l u t o n i m  & p o s i t e d  i n  t h e  lune. 
of l u n ~  collnters inci icate  a d e t e c t i o n  l e v e l  of 10 nCi 239Pu. 
Also, if 0.5 nCi of 241h a r e  p re sen t  FnC! the  h / P u  r z t i o  i s  
linown, a 4 inch x ? inch I!aI (TL) c v s t a l  can d e t e c t  5 nCi of  
23%~. 
for de tec t ing  237Pu " in  vivo. 
of a-s-hort p h y s i c a l  M l f - l i f e  and mi's n 100 KcV p m m n .  r ay .  
1"nesc " in  vivo" techniques may bc of c s s i s t a n c c  t o  you i n  
dcterr i ining the q u a t i t i e s  adxiinistcred a d  t h e  U I ; ~ & C  by body 
or&ms. 

Pa ta  from s e v e r a l  t ypes  

isre m e  also c?cvclcpinE scvcr7-1 s o l i d  s t a t e  o r p n  countcrs  
This  i so tope  has  the cdvnntace 

I q p - e c i a t e  tfie o2por tuni ty  t o  n&e these susges t ions .  
If I can be of furt 'ner a s s i s t a n c e ,  p l e a s e  don ' t  hesitate t o  
con tac t  E. 
plz.ns. 

I w i l l  be nos t  anxious t o  h e a r  &out your f i n a l  

S ince re ly ,  -A 

iIV Larson: sg  
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OAK RIDGE INSTITUTE OF NUCLEAR STUDIES 
P o aox 117 

c )AK 1dr)GE ‘I’ENNI:SSEE 37820 

May 25, 19G7 

Harold V. Larson, Managci- 
Pcrsonuel Dosimctly Sccl ion 
Kiivironmcntnl IIcalth Dcparinicnt 
Eattcllc Mcmorial Institute 
P. 0. Box999 
Richland, Washington 99352 

Dear Mi-. Larson: 

Thank you very much for your letter of May 12. We have a definite 
intcrest in trying to provide iiseful information that can be obtained 
f rom human patient voluntcci-s. I will need to talk this over with 
scvcrd mcinbcrs of o w  st,?ff, and we will let you Iaow a s  soon 3 s  
our p l m s  :~rc more clcmly rvorltcd out, 

We would like very much to cooperate with you in this work, and 
appreciate having heard from you. 

> 

Sincerely yours, 

Gould A .  Andrew,  M. I). 

GAA/pe 

OPERATED BY O A K  RIDGE ASSOCIATED UNlVERSlTlES 

A R E A  CODE 615 

TELEPHONE 4 0 3 . 8 4  
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' BROOKHAVEN N A T I O N A L  LABORATORY 
ASSOCIATED UNIVERSITIES, INC . - ,  

, -  

UPTON. L. I.. N. Y. 11973 REFER I 

TEL AREA CODE 516 YAPHANK 4-6262 

MEDICAL DEPARTMENT 

Gould A. Andrews, M. D. 
Hosp i t a l  Div is ion  
Oak Ridge I n s t i t u t e  Nuclear S tud ie s  
Oak Ridge, Tennessee 

27 September 1 9 6 j  

f a m  w r i t i n g  t o  a sk  your opinion on t h e  problem of the  Food 
and Drug Adminis t ra t ion r egu la t ions  i n  r e spec t  t o  radiopharmaceu- 
t i c a l s .  A f t e r  v i s i t s  t o  t h e  FDA and repeated conferences w i t h i n  
our own group and w i t h  one commercial producer of labe led  materials 
used ex tens ive ly  i n  c l i n i c a l  research ,  I have come t o  t h e  fol lowing 
conclusions.  The e x i s t i n g  l a w  and r egu la t ions  make it  clear  t h a t  
i f  a substance i s  going t o  be aimed a t  d iagnos is  o r  therapy,  t h a t  
one must, i r r e s p e c t i v e  of i t s  o r i g i n ,  ( a c c e l e r a t o r  o r  nuc lear  reac-  
t o r  produced) f i T e  f o r  an IND number f u l f i l l i n g  a l l  of t h e  -la- 
t - m c r i b e d .  
topes f o r  pure r e s e a m u n d e r  condi t ions  i n  which t h e  s teadv  s ta te  
equi l ibr ium of t h e  bodv i n  the  normal o r  d i seased  ind iv idua l s  i s  not  
dsu- oneJbznuld-aso have t o  f i l e  under e x i s t i n g  r egu la t ions  
f o r  an  IND n z b e r  f u l f i l l i n g  a l l  requirements spec i f i ed .  I f  one 
takes  r e a c t o r  produced r ad io i so topes  and exc lus ive ly  w i t h i n  ones 
own i n s t i t u t i o n  processes  them up t o  a form f o r  admin i s t r a t ion  i n  
t r a c e r  s t u d i e s  t o  a s t e r i l e  pyrogen f r e e  e n t i t y ,  one would a l s o  have 
t o  f i l e  f o r  an  IND number. -r, t h e r e  i s  a n o t h  catego rv  name- 
l y ,  where labe led  ma-als a r e  produced by a reputab le  manufacturer 

ded P u r i t y ,  s t e r i l i t y  and non-pv-1 ty inten c r  
f o r  t r a c e r  s t u d i e s  of metabolic processes  i n  which the  amount used 
does not  d i sburb  the  steady s t a t e  equi l ibr ium and t h e r e  i s  
L o n  hazard involved ,  I n  t h i s  case  I f e e l  t h a t  t he  e x i s t i c F D A  reg- 
u l a t i o n s  are no t  appropr ia te .  
f o r  r e a c t o r  produced i so topes  used i n  medicine i s  removed and t h e  f u l l  
r e s p o n s i b i l i t y  i s  t r a n s f e r r e d  from t h e  AEC t o  t h e  Food and Drug Admin- 
i s t r a t i o n  some regu la to ry  procedure i s  requi red  t o  a s su re  the  protec-  
t i o n  of t he  p a t i e n t  and t h a t  i n v e s t i g a t o r s  a r e  making the appropr i a t e  
c a l c u l a t i o n s  and s t u d i e s  t o  a s su re  t h a t  t h e r e  i s  no r a d i a t i o n  hazard. 

If one i s  using a c c e l e r a t o r  produced r ad io i so -  

. .  . .  

Clea r ly ,  when t h e  present  exemption J 
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rrpresent.al.ivcs, excrpt whrrc th ry  d r rm 
lt not frnsiblc or, 111 t.lirir profrssiciiinl 
Judgnieiit. coiitrnry Lo the bcst Inlcr- 
cslaof surh hiiriinii MIII!~." 

tbl Tlils tncniis 1.liiit tlic ronsciit of 
srrcli hiimriiis (or  tlir coirs~*iil of tlivir ! Consent for Use of Investigational 

: New Drugs on Humans; Stotement represciitntlvcs) to P-iiom iIivrsl . i i : i iLiiri i i~ 
drugs are ndmiiiistcrcd priinarily for thc 
eccumulntion of sricntinc kiiowlcdce. for i of Policy 

' Iii the FEDERAL REGISTER of Mnrch 11. such purposes as studyiiig drug behnvix. 
1967 (32 F.R. 3994). a notice was pub- body proccsscs. or thc course of a discnse, 
lished proposing A revision of f 130.37, must bc obtained in nll cascs nud. in nll 
A statcmrnt of policy regarding consent i but exceptionnl cnsrs. tlic consent of 

; for  use of investigational ncw dnigs on ' patients undcr treatmciit wilh irivrsti- 
' humans. The cornnicnls received in re- ga tioiinl drugs or the consent of thelr 

spoiise to thc proposnl have been con- reprrseiitntives must be obtnincd. 
(c) "Undcr trcatmrnt" npglics whcn sidcrcd nrid the Commissioner of Food 

, Rnd Drugs concludcs that,  in the public the ndmlnlst.rnt.ioii of tlic iiircsligntlonnl 
drix  for dingnostic. t.hrrnpcirtic. or othrr I interest nnd in coiisoiiance with the Dec- 
~)iir]wsc iiivolvt-s nirdlcnl Jiit1;:intwt. ; laration of Helsinki ndopt.ed by the World . 

Medical hs.wciation and Lhc "Ethical 4.nkiiir: iii1.o nrroiint. 1 Ire iirtlivitliinl clr- 
ciiiiist~~iiccs i~rrt.~iiiiiiif: t.o 1 . 1 1 ~  pnt i r i i t  lo  Guidliiics for Clinical InvestigRtion" 
who111 tlir invrsl ii!iil.ioiitil drrir: is Lo bc adopted by the House of Dclegntes of t he  

American Medical Association, the state- rid ni ii ilsk yrd. 
; ment of policy should be revised to read . . (ti) "Kscrirlioiinl cnsr:;" IIX i i s r d  hi as set  forth below. pnrnrmph ib)  of tills scctloii nrt. Ilios~! Tlicrefore. pursunnt to the provislons relntlvcly rnrc rnst-s 111 nlilcli i t  Is i i o L  : of tlic Pcdcrnl Food, Drug, and Cosmetic fcndble to obtnlii tlic piiI.ic-iit's coiisciit : Act (SCCS. 50511), 701ta). 52Stat .  1053. AS or t,lie consciit of liis rc~)r~!si~iil.:itire. or  

i n  whlch ns n mnttcr of ]~rolessioiinl ' nincndcd. 1055; 21 U.S.C. 355(i). 371(a))  
and undcr the authority delegated to  the  fudfimciit exercised In tlic brst intcrcst Cornmissioner by the Secretary of of n pnrticulnr pntiriit undrr t.lm iiivcsli- Hefilth. Education. and  Welfare (21 CFR pntor's care. l t  would be coiit,rnry lo  t l i n t  !.120), E 130.37 is revised to read as 

p ~ t i ~ i i t ' ~  wclfnrc to obtnin his coiisrut. 
( e )  "Pnticnt" mcnns the person unclcr 

( f )  "Not feasible" is limited to cases 
wherein the ini-cstigator is not cnpnblr of 

(a) Section 505ti) of the act  provides obtaining consent because of innbility to 
that rpgulations on use of investigational communicate with the patient or his rcp- 
new dnlgs on hunians shall impose the resentative; for example. t.hc patient 
condition that  investigators "obtain the is in a coma or  is otherwise incniinble 
consent of such human belngs or thelr of giving consent, liis representativc can- 

not be reached, and it is imperative to  

(g) "Contrary to the bcst interests of 
such human beings" applies when the 
communication of information to ob- 
tain consent would seriously affect the 
patient's well-being and  the physician 
has  exercised a professional judgment 
that under the prrrticulnr circumstances 
of thls pntient,'s C ~ S C .  the pnticnt's brst  
lntercsts would sulrcr i f  coiisciit were 
sought. 
(h) "Consent" nienns thnt, t.hc pcr- 

son involved l ins  1e~:il c;iliacltp Lo civc 8 

consent. is so silunlrd ns t o  bc nblc 1.0 
escrcise free p o w r  of choicr. nnd is pro- 
vided with R fair cxi)iniiation of I w t i n r n t  
informntion conccrniiig the invcstica- 
tional drug-. and /o r  his possible use RS a 

' control. as to eriRblc hini b mnkc A drci- . sion on his willincncss 1.0 rrcrire snid 
invcstigational drug. This lntter rlernciit 

I means tha t  before the ncccptnncc of nn 
affirmntire decision by such 1)crsoii thc 
investigator should cnrefully consider 
and  make known to him ctnking into 
consideration such person's acll-being 
mid his ability to mdcrs tnnd)  . t he  na- 
ture, expected durrrtton. Rnd purpose of 
the ndniliiistrntioii of snid invcstiga- 
tloiinl dniu: the  method :ind mrniis by 
which it 1s to bc ndmiriistcred: the hnz- 
iwds involved: thc rsislrncc of nltcrna- 
tivc forms of tlicrni>y. i f  niiy: niid Lhc 
beneficin1 rfTrr1.s iiiwii I l l s  I i c n l l l i  nr iwr- 

-_ - 
PART 1 3 G N E W  DRUGS i 

~--iOllOWS : 

~ f 130.37 Cimrciil for iiw of  invmligit- . trcatmcnt. 
: . *tnIt*rnerii of poliry. 
% 

liwnol r i r w  tlriiga (INU) on liiinizinn: 

- . .  administer the drug without dclay. L.-- . - ____ 

. .d 

1 O b 8 5 5 1  

RULES AND REGULATIONS 

ndministrntion of t he  investigatlonal 
drug. 
Whrii consciit is ncccssnry unricr the 
riilrs sct forth I o  tlris scctlr~ri. thc con- 
wi l t .  of prr.utiis rcccMrir: nn iiivi,stif:it- 
tlr~iinl iiiw driin 111 lDJinsc 1 ' niid I'linsc 
2 ' iiivrstii:ntioiis for thclr rrprcsciita- 
l.ivcs) ~ l i n l l  l x  in wiling. Wlicri cniisrnt 
1s iicccsznry undcr such rulcs i n  
Phnse 3 ' invcstrnntioris. it is the respon- 
sibility of investigators, taking into con- 
siderntlon thc ghyhical and mental state 
of Ihc pnlicnt. to dccidc wlicn I t  1s ncccs- 
snry or imfcrablc to  obtniii consent in 
otlicr than written form. Wlicn such 
written consent is not obtnlned, the in- 
vestinntor must obtain oral consent and 
rccord that fact in thc nicdlcal rccord of 
thc iwrson rccciviiif: thc drug. 
( S w h  h05(1). 701 (n). 5:? .91.~t. 1058. nn nrnrnd- 
rd. 105f; 21 USC. 356(1). 371(n)) 

Uitrci: June 13. lO(i7. 

Coin rrrissbncr OJ FocNi ntrtl Drtcgs. 
IF.IL ~ I C .  07-0012: Fllod. Jitno 10. 1007; 

8:47 n.in.] 

JAMES L. Gonnnnn, 

__ 
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8754 RULES AND REGULATIONS 

rrpresent,at.ivcs. exccpt where thry drcm ndmlnistrntion of the investigntional 
it not frnsiblc or. h i  tlirir profcssionnl drug. 

csls of sucli liritiinii bviiir:s." 

. .  

lirdixnlent. contrary Lo tlic inter- Wlrcli co,lscnt ls 
r d r s  sct  forlh in tliis ficcL1111i. t.ha con- 

: Consent fo r  Use of Investigational such Iiirmnns (or  the consc.nl of tlwlr tiollal drill: i l l  ~~l~~~~ 1 1 nl,d pllnsc 
{ wpresentntivcs) to witom invcstluition:d 2 I ill,,rsliKnt.~olls for their rcl,rcsclrLq- 

drugs nre ndministrrcd ~ r i ~ n a r i l ~  for t.hc t.ivcs) sl,:Il~ bc ill ,,.ri~inp;. wiiCll consent 
accumulntion of scictitiflc kiio~vlcdre. for is l,cccssary such rules in ; of Policy 
such purposes 8s studyins! drug behnVi3r0 phase 3 I invcstjgations, i t  is thc respon- : I n  the FEDERAL REGISTER of March 11, 

1967 (32 F.R. 3994). R notice was Pub- body PrOCeSsCS. Or the Course of disCase. sibi1it.y of investigators, takilig into con- 
lished proposing revision of 9 130.37, ,$ must bc obtained in rill cases mid, in all sideration tilc pllysicnl and mental statc 
R stntcmcnt of policy regarding consent but eXCePt~Onn1 cnS(.S. the collscllt Of of Lhc pntjcnt, to ,-Jccidc w]lcn i t  is llcccs- , for use of investigational ncw drugs on paticnts undcr treatmciit with inwsti- snry or I,rcfcmb]c to obtail, consent 
hninans. The comments received in re- gatioiinl drugs or the  consent of thclr olllcr than 

writ.tcn conscnt is not obtnlncd. t he  in- sponse to thc propos~l have been con- reprcsentntivcs must bc oblnincd. 
(c) "Under trcatmrnt" niwlics when vcstimtor must obtain oral consent and sidcrcd and the Commissioner of Food 

the ndministrntioii of tllc ilivcsti~ntionnl yecord that fact  the medica] record of : axid Drugs concludcs that.  in the public 
i interest and in consonance wi th  the Dec- dnir: for dingtinstic, t.lirln~~ciit ic. or ot.licr tile irrsoI1 rccCivi1lg tlic drug. 
! 1arat.iori of FIclsinki txdopted by tlie World ~ ~ i r l w s c  iir\olvi*s i i irdic-ri  1 J I id:: I n i w  t. 

Medical Association arid lhc "Ethical tnk t i ic  into ncriuint. t tic i t i t l i v i t i~ in l  cir- , $ ~ r ~ ) ~ ~ ~ ' ~ ~ *  ~ ~ ! ~ . ' ' ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ n ~  n'nc.nd- 
Guidlii1cs for Clinical Investigation" ciiiiistuiiccs ])rrt.~iitiiii~: t o  I . l i o  ~intiei i t  to 
aclol~tcd by t.hc House of Dclegntcs ol the wliiini tIir invrsl it:iit.ioiinl dive: is t.o bc 

i~dni i i i i sk~rd .  JAMRR L. Gonnnnn, 
' American Medical Association. the state- 
, ment of policy should be revised to read 

RS set forth bclow. pnrncmph tb) ol tltis section nrr l l t t~sc Tlicrefore. pursuant to the provislons relntlvcly rnw rnsci i n  wliicli iL is I I O L  
fcnslble to obtnln tlic piil.iwt's coiisciit ! . -. 

! of thc P'cdcrnl Food. Drug. nnd Cosmetic 
or the conscnt of his ~c~irc:si~nLiitirc. or  Act (sccs. SO51 i )  , 701 (a). 52 Stat. 1053. RS 

in whlcli ns n mnttcr of ~~rolcssioiinl ' 
nrncndcd. 1055: 21 U.S.C. 355(1), 371 (8) ) 

judgment cxercised in tlic bcst iiittrcst and undcr the authority delcgntcd to t he  
of n pnrticulrir pnticiit undrr t.lic iiivcsli- ' Commissioner by the  Secretary of 
Fntor's carc. it would bc coitbrnry t.o t l int  

' Health, Education, and  Welfare (21 CFR 

paticllt's wclfnrc to obtnin his C!OllS~llt. 
?.120). 3 130.37 Is revised to read as 
,ollou.s: 

v tc) "Pnticnt" mcnns tlic person untlcr 

licinal IWW clrrigs (IND) nn Iiiiniiinr: ( f )  "Not fcasible" is limited to cases 
wherein the investigator is not capable of 

(a) Section 505(i) of the act  provides obta'inlng consent bccnuse of innbility to 
t ha t  rcgulations on use of investigational communicate with the patient or his rcp- 
new drugs on humans shall impose the resentative; for exaniplc, thc patient 
condition thnt investlgators "obtain the is in a coma or  is otherwise incnpable 
consent.of such human beings or their of giving consent. his representativc can- 
! not be reached, and it is imperativc to  
L.- - .- . . . - _ _  administer the drug without delay. 

(g) "Contrary to the bcst interests of 
such human beings" applies when the 
communication of information to ob- 
tain consent would seriously affect the 
patient's u9ell-being and the physicinn 
has exercised a profcssionnl judfmcnt 
thnt  under the pnrticulnr circumstances 
of thls pntient,'s cnsc. tlic pnlicnt's best 
interests would sulrcr if coiisciit wcre 
sought. 

( h )  "Consent" nirnns thnt. thc gcr- 
son involved lins 1c~:il ca~~aclLy tn circ I 

consent, is so situnlrd ns to  bc nblc 1.0 
escrclse frce p o w r  of rlwicr. nnd is pro- 
vidcd with a fair cnplnnation of i)mtincnt 
informntion conccrniiig tha itivcstirm- 
tionnl drug, and!or his possible use as a 
control. as to t2nclblc him t.0 ninke a drci- . sion on his millinpncss t.0 receive snid 
lnvestigatlonal drug. This latter rlenicnt 
means tha t  beiorc thc ncccptnncc of nn 
amrmntive dccision by such Iicrsoii thc 
investigator should cnIefully considrr 
and make known to him (taking into 
consideration suc.h person's well-being 
ond his ability to irnderstand) . thc  nn- 
ture. expected dumtlon. and inirpose of'  

. the  adniinistrn tioii of snid invcstica- 
tlonnl dnig; the  method cind mcniis by 
which it is to bc ndmiiriskred: tlic haz- 
nrds involved: Lhc rsistrtirc of nltcriin- 
tivc forms of tlicrnpy. If tiny: niid tlic 
beneficin1 rffrrt.s i i i io i i  l i i -  l i r n l l l r  nv iv - i * -  

. 

tb' miis m n n s  t l ~ t  ~ J I C  collsc1lt of &(.tit, of pprs(,1is rcr(-ivii\R nn iiwvsti1:n- PART 130-NEW DRUGS 

New Drugs on Humans; Statement 

' 

1 
' 

form. Whcll 

U.itccl: J i m C  13, lD(i7. 

((1) "F:srrirt iiiI1111 CIISI.:;" ti:; iisrtl !it Coir,j,j{.qS/OplCt o/ ~.'o~& nt,(l Ijr1,FI.q. 

Doe. 07-oo,2: mlad, Jllno ,uo7; 
0:47 n.iii.] 

. 

. 

j 130.37 Crinwiil for IIW d invesligii- . treatmcnt. I 
! . ~t i i~v inrn~  air Iicdicty. 

L 

1 0 4 8 5 5 8  
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PART' 1 3 L N E W  DRUGS 
. Consent for Use o f  Investigational 

New Drugs on Humans; Statement 
. .  of Policy 
' In the FEDERAL REGISTER of March 11. 
' 1967 (32 F.R. 3994). R notice was pub- 
! lished proposing R revision of 9 130.37, 
R s tx tcmmt  of policy regarding consent , for  use of investigational ncw drugs on 
huinans. The comments received in re- 
sponse to the proposal have been con- 
sidered and  the Commissioner of Food 

: and Drugs concludcs that ,  in the public 
I interest and in  consonance with the Dec- . laration of Helsinki adopted by the World 
' Medical Association and  the "Ethical 
, Guidliircs for Clinical Investigation" 

adopted by t.hc House of Dclegates of the  
American Medical Association. the state- 

, ment of policy should be revised to  read 
as set forth below. 

Therefore. pursuant to the  provisions 
: of the Fcdcral Food. Drug. and Cosmetic 

Act (sccs. 505ti). 701ta). 52 Stat.  1053, ns 
nmcndcd. 1055: 21 U.S.C. 355(i) ,  371 (a) ) 
and under the authority delegated to the  
Commissioner by tlie Secretary of 
Health, Education. and Welfare (21 CFR 
2.120), 9 130.37 Is revised to read as 
.'allows: 

' 

7 

i $ 130.37 Cbn*rnl For riw of invcdgrl- 
', liimol IWW clriig?i (INL)) on Iwnuinr: 
j . rliitwncrit a b f  Imlic-y. 
! (a) Section 505(i) of t he  act  provides 

tha t  rpgulations on use of investigational 
new drugs on  humans shall impose the 
condition tha t  investigators "obtain the 
consent of such human beings or their 
I 

.. . . . L - --._ .- . 

r 
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rcprrscntntivcs. excrpt whcrr they d r rm 
l t  not fmsiblc or. iii t.hrir profc*ssioiinl 
Judgnieiit. contrary to thc beat intur- 
csLs of swl i  liuiiinii Iwliii!s:' 

tbr Thls incniis t.lint t . 1 ~  consciil of 
mcli humnns (or tlic co~isc~~i l  of L l i r i r  
represcntntlvcs) to I\ lroin i~ivrsllr:r~tioiinl 
drugs are administrrcd primarily for 1110 
accumulnt io~~ of sciciiliflc kiiowlcdr-!e. for 
such purposcs as studyitif! d r w  behavior. 
body processes, or  the course of a discase, 
must bc obtaincd in all cases niid. in all 

1 but exceptionnl cases. the consent of 
patiriitS undcr treatmcnt with invrsti- 
gatioiinl drugs or the consent of tlielr 
reprcseiitntivcs must be obtained. 

(c) "Uiidcr trcatmrnt" npplics s h c t i  
the ndmtntst.rRt.loii of tlrc iirucsligntionnl 
driig for dinpimstlc. t .Iirrn~~cut ic. or ol.lirr 
piirlwosr iiir.olws I i i r d i c ' i i l  J~icl::~nc~i~t. 
lnkiiir: hilo ncroiinl t hc iirdivitliinl cir- 
cuiiisttliiccli pcrtaiiiiiii! 1.0 1.110 ~)n4~iciit to 
wlicrin tlic lnrrsli}!iit.iOiiiil d n r ~  is la bc 
udniliilsk~rd. 

(d) '~F:scrpllc~iii~l C~ISI*:;'' ns iisrct i n  
pnrncmpli tb) ol t.lrls srclioii arc. 1 Imsc 
relntivcly rnrc caws in w l ~ l c l i  It Is iiot 
fcnslblc ta obtnlti tlir p:it.icSiit's coiisctit 
or t.lie consrnt of liis rc~)i,(!s[.iiL~~li~,r. or  
in whlch a s  (L rnnbtcr of ~~rofcssioiinl 
judgmcnt exercised In tlic brst intcrcst 
of a partlculnr pntlcnt undrr t.lw iiivcstl- 
Fntor's carc. t t  would bc coiitrnry lo  tlint 
petirnt's \vclfnrc to obtniri liis conscnt. 

(c) "Pnticnt" mcnns the person uncicr 
treatment. 

( f )  "Not feasible" is limited to cases 
wherein the investigator is iiot capablc of 
obtaining consent because of innbility to 
commuilicate with the pnticnt or his rep- 
resentative: for exaniplc, t.hc patient 
is in a coma or is otherwise incapable 
of giving consent. his representativc can- 
not be reached, and i t  is imperative to 
administer the drug without delay. 

(g) "Contrary to the brst interests of 
puch human beings" applies when the 
communication of information to ob- 
tain consent would seriously affect the 
patient's well-being and  the physicinn 
has  exercised a profrssionnl judgment 
tlint under the ~)nrticulnr circumstnnces 
of thls pntimt's cnsc. the pnticnt's brst 
interests would surrcr if coiiscnt were 
soufiht. 

(h)  "Consrnt" nirnns thnt. thc pcr- 
son involved lins 1 w n l  c:i]~iicity tn civc 
consent. Is so situntrd n s  t o  bc nblc t.0 
escrcisc frce powcr of rhoicc. and is pro- 
vided with R fair cxplnnntion or pcrtinrnt 
informntion concerning t.ho invcstica- 
tionnl drug. find /or his possible use as a 
control. RS to Ciinblc hiiii to nmkc a dcci- . sion a n  his willincncss to rccrire snid 
invcstigntional drug. This latter rlemrnt 
means that bcforc tlie nccri~tnncc of nn 
affirmative decision by such pcrson thc 
investigator should cnrcfuily considrr 
and  make known to him (taking into 
consideration such person's well-bcing 
and  his ability to undcrstnnd) . the  na- 
ture, expected duration. and  prirpose of 
tlie ndnihiistratioii of snid invcstign- 
tioiinl drug: thr method cind nicniis by 
wliicli il 1s to bc ndmiiristcrrd: thc hna- 
nrds involved: thc csislcnc.r! of nltcriin- 
tivc forins of tlirrnpy. i f  nny: niid tlic 
beneflcinl cflects uimn liis hrn1t.h or w r -  

i .  

RULES AND REGULATIONS 

ndmlnislrntion of t hc  1nvcstlW.lonal 
drug. 
Wlrcn consent is ncccssnry urirlcr t h e  
riilcs sct  forth I n  tliis scctlori. tlic con- 
w i t .  or Imwiis rcrrivirrl: nn Iirvcsstinn- 
tirNlal IlI'IV drug i l l  I'llnsc 1 ' nlld Plinsc 
2 iuvrstifmt~loiis (or thclr rcprcscuh- 
tivcs) shall bc i i i  ivritiri~. Wlicn consrnt 
1s ircccssnry under such rulcs in 
Phase 3 ' invcstjgations. i t  is the respon- 
sibility of invcstigators, taking into con- 
siderntlon the physical and mental statc 
of lhc patient. to dccidc when it is ncccs- 
sary or prcfcrable to obtain conscnt In 
otlicr than writtcn form. Whcn such 
nrit.tcn consent is not obtnined. the in- 
vesticator must obtain oral consent and 
record tlint fnct in thc mcdical rccord of 
tlic lnrson rccciving thc drug. 
(Srrs. 509(1). 701 (n). 5:? St.:rl. 1058. ns nincnd- 
ed. IOSB: 21 U.S.C. 3G5(1). 371(n))  

Uikted: Jwic  13, 1967. 

Coitr nrissloitcr 01 Food mid I lrugs.  
IF.12. Lhx. 07-01)12: Fllod. Jrino 10. 1007; 

0:47 R.ll1.j 

JAMES L. Gonnnnn. 

. 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

December 1, 1970 

Gentlemen : 

The AF,C i s  prepared t o  r ece ive  a p p l i c a t i o n s  f o r  t h e  use of i od ine  131 
l a b e l e d  human serum albumin ( IHSA) f o r  c is ternography as a we l l - e s t ab l i shed  
d i agnos t i c  procedure. 

The in t roduc t ion  of IHSA i n t o  t h e  cerebrospina l  f l u i d  i s  a h igh ly  s p e c i a l -  
i z e d  procedure and should t h e r e f o r e  be c a r r i e d  ou t  only by an appropr i a t e  
team of s p e c i a l i s t s ,  i nc lud ing  a neuro log i s t  o r  neurosurgeon. Physicians 
having nuc lear  medicine r e s p o n s i b i l i t i e s  i n  c is ternography s t u d i e s  should 
have t r a i n i n g  and experience as ou t l ined  i n  Appendix C, Sec t ion  I I .B. ,  
Category I I - -Spec ia l i zed  Diagnost ic  Procedures (Scans or Tumor Loca l i za t ion ) ,  
of t h e  "AEC Licens ing  Guide--Medical Programs." 

Our Advisory Committee on t h e  Medical Uses of I so topes  recommends t h a t  t h e  
thy ro id  @and be blocked and only s i n g l e  e n t r y  i n t o  t h e  v i a l s  conta in ing  
t h e  iod ina ted  human serum albumin f o r  c is ternography be made. 1- 

The u s u d  dose range f o r  c is ternography i s  up t o  100 microcuries .  The 
quan t i ty  of albumin adminis tered should be  kept  as low as poss ib l e  and 
should n o t  exceed a m a x i m u m  of 4-5 mill igrams. An a d u l t  dosage of 100 
microcuries  and a m a x i m u m  of 4-5 mil l igrams of albumin n e c e s s i t a t e s  a 
minimum s p e c i f i c  a c t i v i t y  of 20-25 microcuries  pe r  mil l igram of albumin 
a t  t h e  t i m e  of admin i s t r a t ion .  ( I n  terms of  t h e  14 by volume albumin 
product,  th is  minimum would be 200-250 microcur ies  p e r  m i l l i l i t e r .  ) 

If t h e  a p p l i c a n t  does n o t  ob ta in  I H S A  from a manufacturer who i s  l i c e n s e d  
by t h e  Secre ta ry ,  Department of Health, Education and Welfare, t o  d i s t r i b -  
u t e  t h e  material f o r  c is ternography,  he must determine t h a t  in-house IHSA 
prepa ra t ions  meet the above c r i t e r i a .  I n  add i t ion ,  such an app l i can t  
should desc r ibe  i n  d e t a i l  t h e  method of p repa ra t ion  and the  q u a l i t y  con t ro l  
t e s t s  t h a t  w i l l  be  conducted t o  assure  t h a t  t h e  product  meets t he  c r i t e r i a .  

S incere ly ,  

and Technical  Programs 
Divis ion  of Materials Licensing 

I 10485bO G P O  9 0 2 . 8 5 9  



UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 23545 

November 15 ,  1971 

Gentlemen: 

By l e t t e r  dated Ju ly  5, 1966, we announced t h a t  molybdenum 99/technetium 99m 
generators could be authorized f o r  rout ine use as a source of supply for 
technetium 99m. 
mation Required fo r  Licensing Molybdenum 99/Technetium 99m Generators," which 
s e t  fo r th  ce r t a in  c r i t e r i a  for the  qua l i ty  of the  product, These c r i t e r i a  
have now been reevaluated i n  l i g h t  of current technology with the ass i s tance  
of our pharmaceutical consultant and our Advisory Committee on t h e  Medical 
Uses o f  Isotopes. The enclosed documents e n t i t l e d  "Radiopharmaceutical C r i -  
teria for  Molybdenum 99/Technetium 9% Generators Containing Fission Produced 
Parent Molybdenum 99 , 
Technetium 99m Generators Containing Parent Molybdenum 99 Prepared from 
I r rad ia ted  S tab le  Molybdenum,*t supersede t h e  c r i t e r i a  enclosed with our 1966 
l e t t e r ,  
f eas i b  1 e. 

This l e t t e r  enclosed a document e n t i t l e d  "Supplemental Infor-  

and *tRadiopharmaceutical C r i t e r i a  f o r  Molybdenum 99/ 

-% 

These c r i t e r i a  generally r e f l e c t  product pur i ty  which is technical ly  
* -  

Preliminary tests ind ica t e  t h a t  the  i r r ad ia t ed  molybdenum 99/technetirmn 9% 
generators which have thus far been approved f o r  rout ine use meet the  revised 
criteria. If any changes are indicated you w i l l  be not i f ied.  No f i s s i o n  
product molybdenum 99/technetium 99m generators have ye t  been approved by 
the AEC for rout ine use, 

Sincere l y  , 

RichardE. Cunningham A 
Acting Director 
Division of Materials Licensing 

Enclosures : 
1. Fission product c r i t e r i a  
2. Xrradiated product c r i t e r i a  

I O 4 8 5 b l  



Rndi oph a m a c e u t  i cal Cri t e ri a for 

Molybdenm 99/Technctium 99m Generators Containing F i s s ion  

Produced Parent  Molybdenum 99 

1, Molybdenum Breakthrough (2, 3).  

Not more than  one microcur ie  o f  molybdenum 99 p e r  m i l l i c u r i e  of  technetium 9Sm 
o r  a maximum of  5 microcur ies  o f  molybdenum 99 a t  t h e  time of  admin i s t r a t ion  
t o  each p a t i e n t .  Determination m u s t  b e  accomplished r a d i o m e t r i c a l l y  because 
molybdenum 99 is i n  the  carrier-free state;  chemical t e s t s  t h e r e f o r e  lack s u f f i -  
c i e n t  s e n s i t i v i t y  f o r  t h i s  determinat ion.  
e l u t i o n  f o r  molybdenum 99 contamination. 

Medical u s e r s  should assay  each 

11. Aluminum Breakthrough ( 2 ,  3)* 

Not more than  10 micrograms p e r  m i l l i l i t e r  o f  genera tor  e lua t e .  

111. Radionucl idic  P u r i t y  (1, Z)* 

A. Gamma lmour i t i e s  

Iodine 131: 
o f  admin i s t r a t ion  t o  each p a t i e n t .  Ru-103: 0.05 microcur ie  p e r  m i l l i c u r i e  
o f  technetium 99m a t  t h e  time of admin i s t r a t ion  t o  each p a t i e n t .  
o the r s :  
of technetium 99m a t  t h e  time of admin i s t r a t ion  t o  each p a t i e n t .  

0,05 microcurie  p e r  m i l l i c u r i e  of technet ium 99m a t  t h e  time 

A l l  
gross  gama a c t i v i t y  n o t  more than  0.1 microcur ie  per mill icurie 

B. Alpha Impur i t ies  

The leve l  o f  a lpha  contaminants i n  f i s s i o n  product  molybdenum 99 must be 
such t h a t  n o t  more than  1 nanocurie  of  gross a lpha  a c t i v i t y / c u r i e  Mo-99 
is loaded on any genera tor  by t h e  manufacturer o f  t h e  generator .  

C. Beta Impur i t ies  

?he nuc l ides  o f  s t ront ium are o f  primary concern. 

Stront ium 89: Not more than  6 x 
technetium 99m a t  t h e  time of adminis t ra t ion  t o  each p a t i e n t .  

Stront ium 90: 
technetium 99m a t  t h e  time o f  admin i s t r a t ion  t o  each p a t i e n t ,  

microcur ies  p e r  mil l icur ie  o f  

Not more than 6 x 10” microcur ies  per m i l l i c u r i e  o f  

As a convenience t o  t h e  medical u s e r ,  i n f o m a t i o n  concerning conformity with 
c e r t a i n  of  t h e  s p e c i f i c a t i o n s  may be suppl ied  by t h e  molybdenum 99 producer 
and molybdenum 99/technetium 99m gene ra to r  manufacturer.  The p a r e n t h e t i c a l  
number fol lowing each heading sugges ts  who might l o g i c a l l y  supply information 
concerning t h e  s p e c i f i c a t i o n  i n  accordance wi th  t h e  fol lowing key: 
denum 99 producer;  (2) gene ra to r  manufacturer;  and (3) medical l i censee-user .  

(1) molyb- 
-? 
4 
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Id 

V. Generator Eluant (2) 

me eluant  t o  be used i n  generators s h a l l  be sodium chloride in jec t ion  USP; 
addi t ives  may be present. 

Py rogenici ty  and S t e r i l i t y  (2) 

Generators covered under these specif icat ions s h a l l  be constructed so t h a t  
the  e lua t e  resu l t ing  therefrom w i l l  be f r e e  of pyrogens and w i l l  be s t e r i l e ,  

VI. 

The pH of genexntor e lua tes  sha l l  be i n  the range 4.5 t o  7.5. 

assurances. 

VII. Chemical h r i t y  (1, 2) 1 

I 
I '  

VIII. 1 
Assurances m u s t  be provided t h a t  the  generator e lua t e  is  not  l i ke ly  t o  contain 
substances which would be po ten t i a l ly  tox ic  i n  the mount any pa t ien t  is l i ke ly  
t o  receive. 
organic reagents used i n  the molybdenum 99 separation process or i n  tho 

from s a f e t y  tests of generator e lua tes  i n  animal species. 
molybdenum 99 and t h e  manufacturers of technetium 99m generators must c e r t i f y  
t h a t  a l l  chemicals used i n  t h e i r  respect ive process are of USP o r  ana ly t ica l  
reagent quali ty.  

Such t o x i c i t y  could accrue from the carryover o f  organic o r  in- 

manufacture of the  generator. Evidence of lack o f  t ox ic i ty  may be inferred 
I h e  producers o f  

i t  

f . l  

Labeling (2) 

In addi t ion t o  o ther  required information, the label ing of generators under 
t h i s  spec i f ica t ion  must ind ica te  t h a t  the parent molybdenum 99 has been 
f i s s ion  product-produced. 

November 15, 1971 

r 



Radiopharnaceutical  Cr i te r ia  for  
Molybdenum 99/Technetium 99m Generat o n  Containing 

Parent  Molybdenum 99 Prepared from I r r a d i a t e d  S t a b l e  Molybdenum 

I, Molybdenum Breakthrough (2 ,  3) 

Not more than one microcurie  of molybdenum 99 per m i l l i c u r i e  of technetium 99m 
or a m a x i m u m  of 5 microcuries  of molybdenum 99 a t  t h e  time of adminis t ra t ion  
t o  each p a t i e n t .  
contaminat ion  , 

Medical users should assay  each e l u t i o n  f o r  molybdenum 99 

11. Aluminum Breakthrough (2, 3)* 

Not more than 20 micrograms p e r  mi l l i l i t e r  of  genera tor  e l u a t e .  

111. Radionucl idic  Pur i ty  (3 ,  2)' 

Gamma Imuuri ties 

Gross gamma contamination no t  more than  0.5 microcurie  p e r  m i l l i c u r i e  of  
e l u t e d  technetium 99m o r  more than  2.5 microcur ies  p e r  adminis tered dose 
o f  technetium 99m a t  t h e  time of admin i s t r a t ion  t o  each p a t i e n t .  

The pH o f  genera tor  e l u a t e s  s h a l l  b e  i n  t h e  range 4.5 t o  7.5, 

V. Generator Eluant  (2) 

The e l u a n t  t o  be  used i n  genera tors  s h a l l  b e  sodium c h l o r i d e  i n j e c t i o n  USP; 
a d d i t i v e s  may be p re sen t ,  

V I .  Pyrogenic i ty  and S t e r i l i t y  (2) 

Generators covered under t h e s e  s p e c i f i c a t i o n s  s h a l l  b e  cons t ruc ted  so t h a t  t h e  
e l u a t e  r e s u l t i n g  therefrom w i l l  be free of pyrogens and w i l l  b e  s t e r i l e  when 
t h e  d i r e c t i o n s  of  t h e  manufacturer have been followed. 
tests, us ing  USP methodology, w i l l  be  employed f o r  t h e s e  q u a l i t y  assurances.  

Pyrogen and s t e r i l i t y  

As a convenience t o  t h e  medical user, information concerning conformity with 
c e r t a i n  o f  t h e  s p e c i f i c a t i o n s  may b e  supp l i ed  by t h e  niolybdenum 99 producer 
and molybdenum 99/technetium P9m gene-ator manufacturer.  ?he p a r e n t h e t i c a l  
number fol lowing each heading sugges ts  who might l o g i c a l l y  supply information 
concerning the  s p e c i f i c a t i o n  i n  accordance w i t h  t h z  fol lowing key: 
denum 99 producer;  (2)  gene ra to r  manufacturer;  and (3) medical l i censee-user .  

(1) molyb- 
4 
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VII. Chemical Pu r i ty  

Assurances must be provided t h a t  t h e  genera tor  e l u a t e  i s  no t  l i k e l y  t o  contain 
substances which would b e  p o t e n t i a l l y  t o x i c  i n  t h e  amount any p a t i e n t  is l i k e l y  
t o  receive.  
o rganic  reagents  used i n  the  molybdenum 99 processing o r  i n  t he  manufacture of 
t h e  generator .  Evidence of lack  o f  t o x i c i t y  may be i n f e r r e d  from s a f e t y  tests 
o f  genera tor  e l u a t e s  i n  animal spec ies .  
t h e  manufacturers of technetium 99m generators  must c e r t i f y  that a l l  chemicals 
used i n  t h e i r  r e spec t ive  process  a r e  of USP or a n a l y t i c a l  reagent q u a l i t y .  

Such t o x i c i t y  could accrue from t h e  carryover  of organic  o r  i n -  

The producers o f  molybdenum 99 and 

VI11 . Labeling (2) 

I n  add i t ion  t o  o t h e r  requi red  information,  t h e  l a b e l i n g  of genera tors  under 
t h i s  s p e c i f i c a t i o n  must i n d i c a t e  t h a t  t he  pa ren t  molybdenm 99 has been pre-  
pared from i r r a d i a t i o n  of s t a b l e  molybdenum. 

I 4 
November 15, 1971 ~ 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

February 18, 1972 
DML:MB : KSD 

Gentlemen: 

The Materials Branch is prepared to receive applications for the use 
of technetium 99m labeled albumin microspheres (human) for lung imaging 
as a well-established diagnostic procedure. 

Physicians desiring to perform these studies should have training and 
experience as outlined in Appendix C, Section II.B., Category 11-- 
Specialized Diagnostic Procedures (Scans or Tumor Localization) of the 
"AEC Licensing Guide-Medical Programs." 
for this procedure is up to 4 millicuries. 

The usual adult dosage 

Applicants will be required to procure che prepackaged, precalibrated, 
sterile, pyrogen-free product or a commercial kit used for prepara- 
tion of the product from a manufacturer who is licensed by the Secretary, 
Department of Health, Education, and Welfare to distribute the material 
or kit for the purpose of lung imaging. 

Attached is an outline of the information which should be submitted in 
support of an application for use of a commercial kit to prepare the 
labeled microspheres. 

Sincerely, 

Cecil R. Buchanan, Assistant Chief 
Materials Branch 
Division of Materials Licensing 

Enclosure: 
As stated 

Y 



An application requesting the use of a kit to prepare technetium 99m 
labeled albumin microspheres (human) for lung imaging should include 
the following information : 

1. The dosage range. 

2.  The manufacturer's name of the kit to be used to preFare the 
material. 

3 .  Confirmation that the manufacturer's directions for use of the 
kit will be followed. 

4 .  A description of radioassay procedures to be followed to assure 
90% accuracy. 

5 .  Specification of the source of technetium 99m pertechnetate to 
be used with the kit. 

6. A description of the methods used to control and evaluate radiation 
exposure to personnel during preparation of the pharmaceutical. 
In this regard, control and evaluation of hand exposure in the 
preparation of this radiopharmaceutical, as well as the preparation 
of other technetium 99m labeled pharmaceuticals, is of particular 
interest. 

7 .  Confirmation that syringe and vial shields and accessories will 
be used in accordance with the manufacturer's recommendations. 

February 4, 1972 

Y 
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Gentlemen : 

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

March 30,  1972 

The Materials Branch is prepared to receive applications for the use of 
technetium 99m - diethylenetriamine-pentaacetic acid (tin) for kidney 
function studies, kidney imaging, and brain imaging as well-established 
diagnostic procedures. 
results from the addition of technetium 9% pertechnetate to a solution 
containing DTPA and stannous chloride.* 

The usual adult dosages for Tc99m - DTPA(Sn) are up to 10 mCi for kidney 
function studies and kidney imaging and up to 15 mCi for brain imaging. 
A camera imaging system is required to perform kidney imaging studies 
due to rapid elimination. Applicants wishing to use a commercial kit to 
prepare Tc9% - DTPA(Sn) should (1) specify the manufacturer's name, 
(2) confirm that the manufacturer's directions for use will be followed, 
(3) describe radioassay procedures to be followed to assure 90% accuracy, 
(4) specify the source of Tc99m pertechnetate, and (5) describe proce- 
dures for determining the radiation dose to arms and hands during prepa- 
ration. 

Physicians desiring to perform these studies should have training and 
experience as outlined in Appendix C, Section 11. B., Category I1 - 
Specialized Diagnostic Procedures (Scans or Tumor Localization) of the 
"AEC Licensing Guide - Medical Programs." 

This chelate formulation, Tc99m - DTPA(Sn) , 

LJ 

Sincerely, 

Cecil R. Buchanan, Assistant Chief 
Materials Branch 
Division of Materials Licensing 

* An apparently identical product , Tc99m - DTPA(Fe) , may be prepared by 
gel chromatography separation of material prepared from a ferrous sulfate 
DTPA solution. 
approved as a well-established agent for kidney imaging exhibits different 
biological properties and at present, the AEC has not approved this mate- 
rial as a well-established agent for kidney function and brain imaging 
studies. 

The Tc99m - iron-ascorbate - DTPA complex previously 

I 



L:MB:JEB 

UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

JAN 3 0 1973 

Gen tl men: 

The Materials Branch i s  prepared t o  receive applications f o r  the 
use o f  an iodine 125 o r  americium 241 as a sealed source i n  a hone 
mineral analyzer device f a r  the i n  v ivo determination o f  bane 
mineral content as a diaqnostfc X d T a p t i e n t s  HI t h  mtabo l  i c  
bone disease. 

Applicants wishing t o  use iodine 125 o r  americium 241 f o r  the above- 
c l t n i c a l  procedure should (1) specify the manufacturer's name and model 
number o f  the sealed source, (2) specify the manufacturer's name and 
model number o f  the bone mineral analyzer devlce, ( 3 )  describe the 
procedure f o r  i n s t a l l a t i o n  and source exchange, and (4) describe the 
leak t e s t  procedure f o r  the sealed source. 

Physicians desir ing t o  perform these studies should have t ra in inu  and 
experience as out l ined i n  Appendix C, Section II .R. ,  Catesorv ?I- 
Specialized Diagnostic Procedures (Scans o r  Tumor Local izat ion) of the 
"AEC Licensinq Guide - Medical Proqrams." 

3 

Sincerely, 

\ Mate i a l s  Branch 
Dire torate of Licensinq 
'----. . 4 
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Gentlemen : 

UNITED STATES 

ATOMIC ENE.RGY COMMISSION 
WASHINGTON. D C.  20545 

March 12, 1973 

The Materials Branch is prepared to receive applications for the use of 
technetium 99m labeled polyphosphates* for bone imaging as a well- 
extablished diagnostic procedure. 

Physicians desiring to perform these studies should have training and 
experience as outlined in Appendix Cy Section 11.B., Category 11- 
Specialized Diagnostic Procedures (Scans or Tumor Localization) of the 
"AEC Licensing Guide--Medical Programs." The adult dosage recommended 
for this procedure is 5 to 15 millicuries with a usual dosage of 10 
millicuries. 

An application requesting the use of a commercial kit to prepare Tc 99m 
labeled polyphosphates should include: (1) the planned dosage range, 
(2) the manufacturer's name of the kit to be used to prepare the material, 
(3) confirmation that the manufacturer's directions for use of the kit 
will be followed, (4) specification of the source of Tc 99m pertechnetate 
to be used, (5) a description of the radioassay procedures to be followed 
to assure 90% accuracy, and ( 6 )  a description of the methods used to con- 
trol and evaluate radiation exposure to personnel during preparation, 
assay, and administration of the radiopharmaceutical. 

Ljrl 

Sincerely, 

G a  p;-c s C. Mal qL ro, Chief 

*The agent intended by this announcement is a sodium polyphosphate polymer 
prepared by methods similar to those outlined by Subramanian. (See 
Subramanian, G., McAfee, J. G., Bell, E. G., et al. Tc-Labeled Polyphos- 
phate as a Skeletal Imaging Agent. Radiology - 102: 701-704 (1972.) 
Ethane-1 hydroxy-1, diphosphonate products are not intended. Y 
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UNITED STATES 

ATOM IC EN E RGY COMMISSION 
WASHINGTON.  D C .  20545 

Gentlemen: 

The Materials Branch is prepared to receive applications for the use of 
Technetated (Tc99m) Aggregated Albumin (Human) for lung imaging as a 
well-established diagnostic procedure. 

Physicians desiring to perform these studies should have training and ex- 
perience as outlined in Appendix C. Section 1I.B. Category I1 -- Specialized 
Diagnostic Procedures (Scans or Tumor Localization) of the "AEC Licensing 
Guide - Medical Programs." 
1-4 millicuries. 

The usual adult dosage for this procedure is 

Applicants will be required to procure the prepackaged, precalibrated, 
sterile, pyrogen-free product or a commercial kit used for preparation of 
the product from a manufacturer who is licensed by the Secretary, 
Department of Health, Education, and Welfare, to distribute the material or 
kit for the purpose of lung imaging. 

An application requesting the use of a kit to prepare Technetated (Tc99m) 
Aggregated Albumin (Human) for lung imaging should include the following 
information: (1) the dosage range, (2) the manufacturer's name of the 
kit to be used to prepare the material, (3) confirmation that the manu- 
facturer's directions for use of the kit will be followed, (4) a descrip- 
tion of radioassay procedures to be followed to assure 90% accuracy, ( 5 )  
specification of the source of technetium-99m pertechnetate to be used 
with the kit, and (6) a description of the methods used to control and 
evaluate radiation exposure to personnel during preparation, assay, and 
administration of the radiopharmaceutical. 

9 

Sincerely, 

Gf Licensing 



UNITED S A T E S  

ATOMIC ENERGY COMMISSION 

October 16, 1973 
WASHINGTON. 0.C. 2051s 

L :MB : KSD 

Gentlemen: 

The Materials Branch is prepared to receive applications for the use 
of technetium-99m labeled disodium etidfonate* for bone imaging as 
a well-established diagnostic procedure. 

Physicians desiring to perform these studies should have training and 
experience as outlined in Appendix C, Section II.B., Category II- 
Specialized Diagnostic Procedures (Scans or Tumor Localization) of the 
"AEC Licensing Guide - Medical Programs." 
for this procediwe is 10 to 15 millicuries. 

The adult dosage recommended 

An application requesting the use of a commercial kit to prepare techne- 
tium-9% labeled disodium etidronate should include: (1) the planned 
dosage range, (2) the manufacturer's name of the kit to be used to pre- 
pare the material, (3) confirmation that the manufacturer's directions 
for the use of the kit will be followed, (4) specification of the source 
of technetium-99m pertechnetate to be used, (5) a description of the 
radioassay procedures to be followed to assure 90% accuracy, and (6) a 
description of the methods used to control and evaluate radiation expo- 
sure to personnel during preparation, assay, and administration of the 
radiopharmaceutical. 

Sincerely, 

ation 

*This agent is a complex of technetium-99m pertechnetate and l-hydroxy- 
ethylidene-l, l-disodium phosphonate in the presence of stannous 
chloride. -- 

f , O  4 8 5 13 
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UNITED STATES I 

ATOMIC ENERGY COMMISSION 

OAK RIDGE OPERATIONS 
P.O. BOX E 

OAK RIDGE, TENNESSEE 37830 

I 

i 
i 

AREA CODE 615 
TELEPHONE 483-861 1 

i 
m y  a, 1974 

t 

i 

Uc:A _. -_--- 

i 

By letter dated October 11, 1972, OR instituted a program of unusual 
occurrence reporting for its contractors. It is considered appro- 
priate that we clarify for our contractors involved in clinical or 
experimental use of radiation certain reporting requirements for 
such occurrences :involving the misadministration of radiation and 
radioactive material to human patients.. For this purpose a misad- 
ministration is defined to include administration of: 

.. .. ' 
1. A radiopharmaceutical or radiation from a source other than the 

A radiopharmaceutical or radiation to the wrong patient, or 

A dose of radiopharmaceutical, or exposure from a radiation 
source, outside the intended dose range prescribed by the 
physician or by a route of administration other than that in- 
tended by the physician. 

9 one intended. 
* ,-: L b+. t::. I 2. 

3. 

. 2  
L .  

f . 

Verbal notification of such a misadministration should be made to this 
office as soon as the misadministration is known and prior to notification 
of individuals or agencies outside the contractor organization. This 
requirement should not, however, be construed as preventing you from taking 
immediate emergency corrective action, as you deem necessary, prior to or 
simultaneous with these notifications. Complete investigation of the in- 
cident should be made promptly by the contractor. 
investigation will be determined by the apparent significance of preliminary 
findings . 

OR participation in the 

, - .  

.. ' 

i 



4. 

5. 

c 



--- 

u' 

~ ' .  . . 
I 

. or. 

6. 

7. 

8. 

2 

.. Sincerely . .  

* - .  
4 HP Br. Safety Dv. H&TS ilv. 

Smith /ndv 

2-3-74 



MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL C . L . Edwards . M . D . Proposal No. 74-15 

DESCRIPTION: 

Dysprosium-157 as a clinical scanning agent for the detection of 
osseous and nonosseous tumors. The activity administered to a 
70-kg man shall not exceed 17.5 mCi. 

The Committee approves with the following limitations: 

Radiopharmaceuticalw/may not be administered to patients under 
18 years of age. 

Radiopharmaceutical pio//may not be administered to pregnant patient. 
Other: Radiopharmaceutical to be administered in accordance 

with attached proposal, ORAU/ORNL Committee on Human 
Studies, Ident. No. 35. 

The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger y/y& - 
C. L. Edwards ?+?.?./ 
R. J. Cloutier 

R. L. Hayes 

C. C. Lushbaugh 

Acknowledgement of Submitter eA/ /&,C&L Date $!$?d7,$ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Proposal does/- require approval of Committee on Human Studies. 

. .  
Human Studies approval granted on // n LT@ /972 



.REVIEW AXD ACTION 

ORAU/ORNL Committee on Human Studies 

I 

4 Principal Investigator C. L. Edwards Ident. No. 35 

Project Title Dysprosium-157 as  a Clinical Scanning Agent for the Detection 

of Osseous and Nonosseous Tumors 

1. 

2. 

L 3. 

In the opinion of this committee the risks to the rights and welfare of 
the subjects in this project o r  activity are: Radiation and chemical 
toxicity risks a r e  minimal. 

The cdmmittee states that adequate safeguards against these risks 
have been provided. 

In the opinion of the committee the potential benefits of this activity 
to the subjects outweigh any probable risks. This opinion is justified 
by the following reasons: Possible better diagnostic agent. 

In the opinion of the committee the following informed consent pro- 
cedures will be adequate and appropriate: as submitted. 

4. The committee seeks continuing communication with the investi- 
gator(s) on this project along the following lines: None. 

5. Other committee comments: None. 

Approve ~f 

Disapprove 

Chairman of Committee 

11 December 73 

Date 

(Revised January 1972) 
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

‘*c/ TO: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universi t ies  and 
Oak Ridge National Laboratory 

Date: December 10, 1973 

Principal  Investigator:  C. L. Edwards, M. D. 

Co-Investigators: R. L. Hayes, Ph. D. 
J. K. Poggenburg, Ph. D. (ORNL) 

T i t l e  of Project:  DYSPROSILM-157 AS A CLINICAL SCANNING AGENT FOR THE 
DETECTION OF OSSEOUS AND NONOSSEOUS TUMORS. 

I. Objectives of Experiment: 

To determine whether 157Dy can be used as an e f f ec t ive  tumor-localizing 
Animal experiments ind ica te  t h a t  t he  higher-atomic-nunber agent i n  humans. 

rare-ear th  radionuclides show unusual a f f i n i t i e s  f o r  tumor t i s s u e  (Fig. 1, 
appendix), clear rap id ly  from normal t i s s u e  (Table 1, appendix), and may have 
t h e  same or b e t t e r  tumor-localizing propert ies  as 67Ga i n  ce r t a in  tumor types 
(Table 2, appendix). 
than do technetium phosphate agents, and it may thus be an effective bone 

This radionuclide also has b e t t e r  bone-seeking propert ies  

u scanning agent. It has good decay photons f o r  scanning (Table 3, appendix). 

11. Methods of Procedure: 

Dysprosiwn-157 w i l l  be obtained from Isotopes Development, ORNL, as the  
chlor ide i n  d i l u t e  hydrochloric ac id  solution. 
c i t ra te  form, s t e r i l i z a t i o n  by Mill ipore f i l t r a t i o n  (0.22 micron), and 
t e s t i n g  f o r  pyrogenicity,  0.25 mCi/kg o r  less w i l l  be administered in t r a -  
venously (1.0-0.1 mg c i t ra te /kg) .  
cancer w i l l  i n i t i a l l y  be s tudied with t h i s  radionuclide. 
comparisons w i l l  be made with 67Ga and 111In i n  the  same pat ien t .  
is  involved bone scans with 9 9 q c  Osteoscan w i l l  a l so  be made. 
s tud ies  with pa t i en t  volunteers w i l l  then be determined after a review by t h e  
committee. 

After conversion t o  the 

A group of 20 adul t  pa t i en t s  with knom 
When possible ,  

hlen bone 
Further 

The following da ta  w i l l  be col lected:  

1. Blood concentrations a t  1 /2  h r ,  1 h r ,  3 hr ,  and 6 h r  a f t e r  t h e  dose, 
and then a t  12-hr i n t e rva l s  t he rea f t e r  through 42 hours. 

Individual ur ine  specimens w i l l  be col lected through 2 days. 2. 

3. Fecal excreta w i l l  be col lected through 2 days. 

1048519 
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Ident. No. " g 

4. Linear scans w i l l  be obtained immediately a f t e r  the  dose, at 3-4 
hours, and then da i ly  the rea f t e r  through 2 days. 

5. Whole body and area scans w i l l  be made at 3-4 hours a f t e r  
administration (or as soon as p rac t i ca l )  and a t  24 hours and 48 
hours. 

111. Possible Hazards and Their Evaluation: 

1. Chemical: 

Since lS7Dy w i l l  be produced by neutron act ivat ion of lS6Dy (HIFR), 
s t a b l e  dysprosium w i l l  be present  i n  t h i s  radionuclide preparation 
(although a t  only microgram leve ls ) .  

We propose t o  administer no more than 10 pg/kg of s t a b l e  dysprosium 
(and general ly  much l e s s ) ,  s ince  s t a b l e  rare ear ths  i n  excess of t h i s  
amount tend t o  decrease t h e  r e l a t i v e  s p e c i f i c i t y  o f  these nucl ides  
f o r  tumor t i s s u e  (see Table 4, appendix). A t  a leve l  of 10 pg/kg o r  
l e s s  t he re  should be no tox ic  effects from the  I.V. administration 
of  dysprosium, s ince the  I.P. LDso i n  rats and mice f o r  t he  chlor ide 
and n i t r a t e  ranges from 295 t o  585 mg/kg (T. J. Haley, J. Pharmaceutical 
Sciences 54: 663, 19651. 

2. Radiation Dose: 

The proposed maximum a c t i v i t y  doses f o r  "'Dy as s t a t e d  i n  I1 (Methods 
of  procedure) i s  based on a calculated whole body rad ia t ion  dose of 1 
rad (assuming uniform d i s t r ibu t ion  and no excretion) and is  thought 
t o  be acceptable f o r  t he  proposed study. 
t h e  rad ia t ion  dose estimates.  

Radiation Physics supplied 

15 7Tb Dysprosium-157 decays t o  157Tb which has a ha l f  l i f e  of  150 y. 
decays by e lec t ron  capture emit t ing only gadolinium x rays. 
Radiation Ph sics Office has estimated t h e  m a x i m u m  permissible bodv 
burden for 1g7Tb t o  be 150 pCi.  
would produce only 6 x 
from t h e  generation of t h i s  daughter radionuclide can therefore  be 
disregarded. 

The 

omplete decay of 1 m C i  of lS7Dy 
pCi  of ThpssTb. The rad ia t ion  dose r e su l t i ng  

IV.  Radionuclides and New Drugs: 

"'DY w i l l  be a new radionuclide i n  our c l i n i c a l  program. Following approval 
by the  Corni t tee  on Human Studies and t h e  ORAU Medical Radionuclide Corni t tee ,  
an IlUD w i l l  be f i l e d  with the  d and Drug Administration. P 
V. Responsibil i ty of Pr incipal  Invest igator :  

U Pat ien t  volunteers will be r ec ru i t ed  from among our  c l i n i c  patien= and 
( from p a t i e n t s  i n  t h e  Oak Ridge Hospital and surrounding hospi ta ls .  An informed 

I 
1.0 4 8 5 8 0 
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consent w i l l  be obtained from each pa t ien t  (minors and adul t s  incapable of 
giving an informed consent w i l l  be excluded from the  study).  
w i l l  be offered t o  obtain voluntary consent. The l a t t e r  group of pa t i en t s  
w i l l  be recru i ted  s p e c i f i c a l l y  f o r  t he  t e s t  with no promise of  continued 
medical care  a t  ORAU, and the  ORAU pa t i en t s  w i l l  be assured t h a t  t h e i r  
pa r t i c ipa t ion  i s  not a p re requ i s i t e  t o  t h e i r  continuing t o  receive treatment 
a t  ORAU. 

No inducement u 

Attached i s  a copy of t h e  proposed consent form (appendix). 

S t a r t i ng  Date: February 1,-+1974 ~ ... 

- 
Co- Invest igator  

DIVISION REVIEW: 

The appl icat ion described above has been reviewed and approved. 

Of f i c i a l  signing f o r  t he  i n s t i t u t i o n :  

Signature 

T i t l e  

Ins t i t u t ion  

Date 



OAK RIDGE ASSOCIATED UNIVERSITIES 
Oak Ridge, Tennessee 

. 

Consent f o r  Experimental Test 

I authorize t h e  performance upon 
(myself o r  name of pa t i en t )  

of  t h e  following tes t :  Phase I Radiopharmaceutical Test of Dysprosium-157. 

The nature  and purpose of t h e  tes t ,  t he  r i s k s  involved, and the  
p o s s i b i l i t i e s  of complications have been explained t o  me. 
t h a t  t h i s  test is  not a treatment f o r  my disorder  nor i s  it being done 
f o r  my benef i t ,  r a t h e r  t h a t  t he  t es t  i s  for experimental purposes and is 
being done only f o r  gathering information r e l a t e d  t o  my disease,  treatment, 
or both. 
t h i s  t e s t  becomes the  property of ORAU and may be published i n  the  s c i e n t i f i c  
l i terature at t h e  d iscre t ion  of t he  staff  of t h e  Oak Ridge Associated 
Universi t ies  Medical Division. 

I understand 

Further, I understnad t h a t  any information learned from doing 

. -5 

DATE 

WITNESS : 

(Patient o r  person authorized t o  
consent f o r  pa t i en t )  

I have ta lked  with about t h e  
proposed test t o  be g i v y  

1. This is a new radioact ive drug: 157Dy - Dysprosium citrate.  

2. The drug contains t h e  element dysprosium i n  quant i t ies  much less than t h a t  
required t o  produce any measurable chemical effect i n  t h e  body. 
p a t i e n t s  should feel  no effects from t he  drug. 

The r ad ia t ion  dose w i l l  be from approximately 1 rad t o  t h e  whole body. 

The 

3. 

4. Blood samples (3  m l )  w i l l  be drawn a t  1 /2  h r ,  1 h r ,  3 hr ,  6 hr ,  18 h r ,  
30 h r s  and 42 hrs. 

5. A l l  ur ine and feces  w i l l  be saved f o r  two days. 

6. Pi%ole body counts and scans w i l l  be made a t  frequent i n t e rva l s  f o r  two days. 

7. The pa t i en t  may withdraw from t h e  t e s t  a t  any time. 

DATE : 
Invest i gat o r  

1048582 
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IXTnUENCE OF TIME ON TISSUE DISTBIBUTION OF 17%R Ai’i’ I6’YB I N  RUS 

BEARING 5123C HEPATOMAS 

Isotope Erbium- 1 7  1 Y t t e r b i u ~ 1 6 9  

Tine 2 h  4: hr 24 h . 4 h  24 h 

4.5  
* Tumor conc. ( X / g )  3 .3  

Ratio tumor conc. to: 

Liver 5 . 0  5 .6  

S p l e e n  5.5 7 . 9  

Kidney 1 . 3  1 . 7  
Lung 6 .3  12.0 

Muscle ‘ 43 .0  87.0  

Femur 1 .5  1 .4  

Marrow 7.2  10.1 

** 
3 .4  

6.7  

6 .4  

2 .0  

19.0 

180.0 

1 . 0  

12.5 

3.5 

7.9 

4.6  

3 . 4  

11.0 

66.0 

2 . 1  

5 .9  

4.9** 

11.0 

6 .3  

4 .7  . 

25.0 

60.0 

2.0 

8.0 
Blood 6 .2  19.0 130.0 9 .9  110.0 

f Zszcent e d d n i s t e r e d  dose/g normalized t o  body weight of 250 g.  

RX s i g n i f i c a n t l y  d i f f erent  from 4 hour value. 
** 

DISTRIBUTION OF HIGH SPECIFIC ACTIVITY RARE EARTHS 
, IN BUFFALO RATS BEARING 5123C HEPATOMAS 

I 
i 4 FEMUR 

i I 
i I 
1 

I 
i 

ATOMIC NUMBEii AND SYMBOL 

f Oh8583 Fig. 1 
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TABLE 3 

RAXE EARTH RADIONUCLIDES FOR TIPIOR S C M I N G  

I s o t o p e  Decay Mode T1/2 y Energy (%) Comments 

E r  p,  2n 16 8 167T~ EC 9d 208 Kev , (43%) 

171Er' 

157 

17 B 7.5h Q300 Rev (90%) U l7OEr = 5.7; h n  T1/2 = 1.9~ 

. DY EC 8.2h 326 Hev (91%) CT 156Dy (0.05%) = 3 

TABLE 4 'L/ 
\ 

E T L E  OF CARRIER ERBIUM ON TISSUE DISTRIBbTION (21 hr) OF 17'ER IN TEE R4T 

Carrier (pg/kg) 
Tissue * 'L C.F. .1.7 11 17 34 . X Administered Dose/g 

Liver 

Spleen 

Kidney 

Lung 

Wuscle 

Feaur 

Marrow 

Blood 

Tumor 

0.68 
0.57 

1.40 

0.19 

0.03 
4.50 
0.24 

0.02 

4.00 

0.72 
0.66 
1.60 

0.23 

0.03 

4.70 
0.28 

0.02 

5.00 

0.61 
0.32 
1.80 

0.18 

0.02 
4.20 

0.30 

0.02 

3.80 

1.30 
0.67 
2.60 
0.19 
0.03 
4.10 
0.39 

0.02 

4.00 

3.70 
1.10 
2. i o  
0.23 
0.03 

3.50 

0.65 
0.05 
3.70 
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W APPLICATION FOR INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical Div is ion ,  Oak Ridge Associated U n i v e r s i t i e s  

Oak Ridge, Tennessee 

May 3 ,  1974 

1. NAME OF DRUG: DYSPROSIUM-157 CITRATE. This  p repa ra t ion  d i l u t e d  i n  
a saline-sodium ci t ra te  s o l u t i o n  w i l l  be  adminis tered in t ravenous ly  
i n  small volumes (< 5 ml).  

2. COMPONENTS: 

a. Dysprosium (III)-157 c i t r a t e  

b. S t a b l e  dysprosium (111) c i t r a t e  

c. Sodium ci t ra te  

d. Sodium c h l o r i d e  

e. Water 

3. QUANTITATIVE COPPOSITION (per  dose) :  

a. Dysprosium (111)-157 c i t ra te :  0.25 m i l l i c u r i e s  p e r  kilogram of 
body weight (or  less). 

b. S t a b l e  dysprosium (111) citrate: 10 micrograms p e r  kilogram of 
body weight (or  less). 

c. Sodium ci t ra te :  1 mil l igram pe r  kilogram of body weight (or l e s s ) .  

d. Sodium chlor ide :  0.2 mi l l ig ram p e r  kilogram of body weight 
( o r  less). 

e. Water: 0.05 milliters p e r  kilogram of body weight (or  less). 

4. SOURCE OF NEW DRUG SUBSTANCE: 

Enriched dysprosium-156 [suppl ied  by Oak Ridge Nat iona l  Laboratory 
(ORNL) as t h e  n i t r a t e  wi th  t h e  fo l lowing  i s o t o p i c  abundance: 
99.53%; 158Dy, 0.0232; 164Dy, 0.058%] w i l l  be  a c t i v a t e d  i n  the  High 
Flux I so tope  Reactor  a t  ORNL f o r  24 hours .  A t  d i scha rge  i t  is  cal- 
c u l a t e d  t h a t  t h e  r a d i o a c t i v i t y  p r e s e n t  pe r  microgram of s t a b l e  
dysprosium w i l l  be: 
0.15 m C i .  

I56Dy, 

I57Dy, Q7 m C i ;  159Dy, 0.023 W i ;  and 165Dy, 
The a c t i v a t e d  dysprosium-156 w i l l  b e  d isso lved  i n  d i l u t e  
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hydrochlor ic  a c i d  (W.1N) and t: rn  suppl ied  i n  t h a t  form t o  Medical 
Div is ion ,  Oak Ridge Associated 1:iIiversities (ORAU) a f t e r  being micro- 
f i l t e r e d  through a 0.22 5.1 M i l l i p c l r e  f i l t e r .  
w i th  a r a d i o i s o t o p i c  assay.  

ORNL w i l l  supply ORAU 

5. METHODS, FACILITIES AND CONTROLS: 

The 157Dy c h l o r i d e  s o l u t i o n  as rece ived  from O W L  w i l l  b e  processed 
i n  t h e  fo l lowing  manner: Based on OKNL's assay  s u f f i c i e n t  s teri le 
2.5% sodium c i t r a t e  s o l u t i o n  (ampoule 206, E l i  L i l y  Co., Ind ianapo l i s ,  
Ind.)  w i l l  be added t o  t h e  s o l u t i o n  s o  t h a t  each m C i  of 157Dy w i l l  
a t  t h a t  p o i n t  be  a s soc ia t ed  wi th  0 .1mg of sodium c i t ra te .  The pH 
of t h e  s o l u t i o n  w i l l  b e  brought t o  7.0 + 0.2 with  1 N  sodium hydroxide 
us ing  a combination e l e c t r o d e  and pH meter. 
e l e c t r o d e  w i l l  be  s t o r e d  i n  0.9% benzyl  a l coho l  and w i l l  b e  r epea ted ly  
r in sed  wi th  steri le water before  each use.)  
volume adjustment by t h e  a d d i t i o n  of 0.9% s te r i le  nonpyrogenic s a l i n e ,  
t h e  s o l u t i o n  w i l l  be  m i c r o f i l t e r e d  through a s te r i le  0.22 micron 
Mi l l i po re  f i l t e r  i n t o  a v i a l  which w i l l  then  be  capped (mult ipuncture  
type)  and autoclaved a t  1 5  pounds p res su re  (121OC) f o r  20 minutes.  
To i n s u r e  t h a t  t h e  p repa ra t ion  w a s  exposed t o  adequate  h e a t ,  Diack 
c o n t r o l s  (Smith and Underwood Labora tor ies ,  Troy, Mich.) w i l l  be  
p laced  i n  t h e  au toc lave  next  t o  t h e  157Dy c i t ra te  v ia l .  
t u r e  c h a r t  w i l l  be  made a p a r t  of t h e  records . )  Following auto- 
c l av ing  a p o r t i o n  of t h e  p repa ra t ion  w i l l  be  withdrawn f o r  a 
pyrogenic i ty  test  ( s tandard  USP methods), rad ioassay  (sodium iod ide  
c r y s t a l  c a l i b r a t e d  wi th  NBS s t anda rds )  and v e r i f i c a t i o n  of s t e r i l i t y  
( s tandard  USP methods f o r  radiopharmacy records) .  The v i a l  of 157Dy 
c i t r a t e  w i l l  then  be l abe led  as t o  i ts  contents .  

(The s t e m  of t h e  

Following any necessary  

(A tempera- 

P repa ra t ion  of each ba tch  of 157Dy c i t ra te  w i l l  be  c a r r i e d  ou t  i n  a 
p o s i t i v e  p r e s s u r e  c l e a n  room equipped wi th  v e r t i c a l  laminar  f low 
hoods having a i r  c u r t a i n s  (Envirco, Albuquerque, N.M.). A l l  g lass -  
ware used w i l l  b e  p r e s t e r i l i z e d .  Each ba tch  of 157Dy c i t ra te  w i l l  
be g iven  a ba tch  number and a l l  p a r t i c u l a r s  r e l a t i v e  t o  i ts  prepa- 
r a t i o n  and u s e  w i l l  b e  en tered  i n  a master log  book. 

6. STATEMENT ON INFORMATION AVAILABLE TO SPONSOR: 

a. P r e c l i n i c a l  Inves t iga t ions :  

1. Tissue  d i s t r i b u t i o n :  

Recent r e p o r t s  (1-3) have ind ica t ed  t h a t  t h e  higher-atomic-number 
rare e a r t h  r ad ionuc l ides  show an a f f i n i t y  f o r  nonosseous tumor 
t i s s u e .  R. L. Hayes and ORAU a s s o c i a t e s  have confirmed t h e s e  
r e s u l t s  i n  animals  ( 4 )  and w e  now propose t o  i n v e s t i g a t e  these  radio-  
nuc l ides  i n  p a t i e n t s  a t  ORAU Medical Divis ion.  
d e a l s  only wi th  157Dy. 

This  a p p l i c a t i o n  

P r i o r  t o  c l i n i c a l  t r ials w e  have s t u d i e d  those  f a c t o r s  t h a t  i n f luence  
t h e  d i s t r i b u t i o n  of t h i s  group of r ad ionuc l ides  i n  both normal and 
tumor-bearing animals .  F igure  1 shows a his togram of t h e  d i s t r i -  
bu t ion  of v a r i o u s  h igh - spec i f i c - ac t iv i ty  rare e a r t h  r ad ionuc l ides  
i n  l i ve r ,  bone, and 5123C Morris hepatomas. A s  has  p rev ious ly  been 



* repor ted  (5), t he re  was a drar:.: 1 i c  decrease  i n  t h e  concen t r a t ion  
of t h e  rare e a r t h s  i n  l i v e r  a:. the  atomic number of t h e  nuc l ides  
increased.  
increased  markedly. 
more d e t a i l e d  form. 
obta ined  f o r  b7Ga wi th  t h i s  model tumor system. 

A t  t he  same t i m e  t h e  Concentrat ion i n  the  5123C hepatoma 
Table 1 shows t h e  r e s u l t s  of t h i s  s tudy  i n  a 
Also shown i n  Table  1 are t h e  average r e s u l t s  

O f  t h e  higher-atomic-number rare e a r t h  r ad ionuc l ides  t h a t  might be  
used f o r  tumor scanning, t h r e e  are p a r t i c u l a r l y  s u i t e d  f o r  t h i s  
purpose (157Dy, 167Tm and 1 7 1 E r ) .  The i r  p r o p e r t i e s  are shown i n  
Table  2. Although 15jDy and 171Er would be  produced by neut ron  
a c t i v a t i o n  of t he  s t a b l e  e lements ,  they could b e  produced wi th  ve ry  
h igh  s p e c i f i c  ac t iv i t i e s  (mCi/pg). The r e l a t i v e l y  s h o r t  h a l f  l ives  
of bo th  157Dy and 171Er do no t  c o n s t i t u t e  a problem s i n c e  t h e  t i s s u e  
d i s t r i b u t i o n  of t h e  higher-atomic-number rare  earth rad ionuc l ides  
is  e s s e n t i a l l y  complete by 4 hours  (Table 3) 

From Table  1 i t  is apparent  t h a t  r ad ionuc l ides  of dysprosium, 
thulium, erbium, and y t te rb ium compare f avorab le  wi th  67Ga with  
r e s p e c t  t o  t h e  tumor-to-nontumor r a t i o s  obta ined  i n  rats bear ing  
Morris 5123C hepatomas. A f u r t h e r  comparison of 67Ga wi th  a rare 
e a r t h  r ad ionuc l ide  (169Yb) i n  o t h e r  tumor systems is  shown i n  
Table  4. A a i n ,  as wi th  t h e  5123C hepatoma, t h e  abso lu te  coccen- 
t r a t i o n  of %7Ga was b e t t e r  than  t h a t  of 16% i n  tumor t i s s u e  except  
i n  Erh l i ch  ascites (EA) cells  where t h e  169% concen t r a t ion  w a s  Q3 
times g r e a t e r  than  t h a t  of 67Ga. Tumor-to-nontumor r a t i o s  were, 
however, approximately t h e  same (except f o r  EA cel ls) .  It would 
thus  appear on t h e  b a s i s  of t h i s  d a t a  t h a t  rare e a r t h  r ad ionuc l ides  
might show as high a re la t ive a f f i n i t y  f o r  tumor t i s s u e  i n  human 
s u b j e c t s  as does 67Ga (6).  

It i s  apparent ,  however, t h a t  rare e a r t h  r ad ionuc l ides  concen t r a t e  
t o  a much g r e a t e r  e x t e n t  i n  bone (and kidney)  than  does 67Ga,  and 
t h i s  may obscure tumor v i s u a l i z a t i o n  where sites of tumor are under 
o r  ad jacen t  t o  t h e  ske le ton .  On t h e  o t h e r  hand, l e s i o n s  i n  t h e  
bone (both primary and metastatic) should be  more r e a d i l y  v i s u a l i z e d  
wi th  rare e a r t h  r ad ionuc l ides  than  they are wi th  67Ga. Another 
advantage of t h e  rare e a r t h  r ad ionuc l ides  ind ica t ed  i n  Table  2 i s  
t h a t  t h e i r  ene rg ie s  are s u i t a b l e  f o r  u se  wi th  t h e  gamma camera. 
V i s u a l i z a t i o n  of 67Ga wi th  t h e  camera is  poor compared t o  t h a t  
obtained wi th  r e c t i l i n e a r  systems. 

An important  requirement f o r  t h e  e f f e c t i v e  use  of rare e a r t h  radio-  
nuc l ides  f o r  tumor d e t e c t i o n  w i l l  be  t h e  use  of high-specif ic-  
a c t i v i t y  p repa ra t ions .  Table  5 shows t h e  r a t h e r  extreme e f f e c t  
t h a t  t h e  simultaneous admin i s t r a t ion  of s t a b l e  erbium (at  t h e  m i l l i -  
gram level) had on t h e  t i s s u e  d i s t r i b u t i o n  of 1 7 1 E r  i n  r a t s  bea r ing  
7777 hepatomas. The concen t r a t ion  of 1 7 1 E r  i n  l i v e r  and sp leen  w a s  
g r e a t l y  increased  whi le  t h a t  i n  t h e  tumor w a s  correspondingly 
lowered. Even a t  a microgram level  of s t a b l e  erbium a d m i n i s t r a t i o n  
t h e r e  w a s  a r a t h e r  dramatic  i n c r e a s e  i n  t h e  concen t r a t ion  of I 7 1 E r  
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i n  l i v e r  and sp leen  above %lO 1 . v  I.:r/kg; the tumor concen t r a t ion  was 
no t  a f f e c t e d ,  however (Table 6 '  
159Dy (used as t r a c e r  f o r  157Dy). It  thus w i l l  be  important t o  use  
c a r r i e r - f r e e  o r  h igh - spec i f i c - ac t iv i ty  p repa ra t ions  of t h e  rare e a r t h  
r ad ionuc l ides  i n  tumor scanning procedures.  

S i m i l a r  e f f e c t s  were seen wi th  

The s t u d i e s  d iscussed  above involved admin i s t r a t ion  of rare e a r t h  
rad ionucl ides  i n  t h e  c i t r a t e  form a t  a dose l e v e l  of 1 mg c i t r a t e / k g .  
Table 7 shows t h e  e f f e c t  of o t h e r  forms on t h e  d i s t r i b u t i o n  of l67Trn 
i n  rats bear ing  7777  hepatomas. 
t h e  same t i s s u e  d i s t r i b u t i o n  p a t t e r n s  as d i d  t h e  c i t r a t e  wh i l e  
g luconate  was somewhat poorer  i n  tumor s p e c i f i c i t y .  HEDTA, a s t r o n g  
c h e l a t e ,  g r e a t l y  decreased t h e  concen t r a t ion  of 167Tm i n  tumor t i s s u e  
and a l s o  produced much poorer  tumor-to-nontumor r a t i o s  ( p a r t i c u l a r l y  
f o r  t h e  sp leen ,  kidney, and blood) .  
form f o r  t he  admin i s t r a t ion  of rare e a r t h s ,  s i n c e  i t  i s  a normal 
metabol i te .  

NTA and HEIDA gave approximately 

Citrate i s  thus  t h e  p r e f e r a b l e  

A s tudy  has  been made of t h e  e f f e c t  produced by an i n c r e a s e  i n  t h e  
c i t ra te  dosage on 167Tm t i s s u e  d i s t r i b u t i o n .  
concent ra t ion  of 167Tm w a s  observed wi th  a c i t ra te  dose as h igh  as 
20 mg/kg. 
except  f o r  s l i g h t  i n c r e a s e s  f o r  sp l een  and blood. 

A s  w i th  67Ga t h e  t i s s u e  d i s t r i b u t i o n  of t h e  h i  her-atomic-number 
rare e a r t h  r ad ionuc l ides  (as represented  by 178Tm) i s  a f f e c t e d  by 
both  sex (Table 8) and age  (Table 9) .  The d i f f e r e n c e s  i n  t i s s u e  
d i s t r i b u t i o n  produced by d i f f e r e n c e s  i n  sex  and age were n o t  as 
pronounced as those  seen  wi th  67Ga; however, t h e  d i f f e r e n c e s  were 
h igh ly  s i g n i f i c a n t .  

No e f f e c t  on tumor 

There was a l s o  no change i n  t h e  tumor-to-nontumor r a t i o s  

2 .  Toxici ty:  

The t o x i c i t y  of t h e  r a re -ea r th  metals i s  low t o  in te rmedia te ,  t h e  
r epor t ed  I .P .  LD50 i n  rats and m i c e  f o r  dysprosium c h l o r i d e  and 
n i t r a t e  ranging from 295 t o  585 mg Dy/kg (7) .  There is no d a t a  
a v a i l a b l e  on t h e  t o x i c i t y  of dysprosium i n  humans, b u t  s t a b l e  terbium 
has  been adminis tered t o  humans a t  a l e v e l  of 2.4 mg Tb p e r  dose 
(Q34 Ug Tb/kg) wi thout  any symptoms of t o x i c i t y  (8). The in t ravenous  
t o x i c i t y  of t h e  rare e a r t h s  decreases  wi th  inc reas ing  atomic number 
(9), and, s i n c e  terbium i s  d i r e c t l y  below dysprosium i n  t h e  rare  
e a r t h  series, dysprosium should be  t o l e r a t e d  by man as w e l l ,  i f  n o t  
b e t t e r ,  than i s  terbium. 

Hepatosplenic  degenera t ion  from repea ted  l a r g e  doses of rare e a r t h s  
i n  animals i s  seen only wi th  the  lower-atomic-number rare e a r t h s  ( 7 ) .  
F a t t y  l i v e r  i n f i l t r a t i o n  i n  t h e  r a t  from mg/kg doses  of rare e a r t h s  
i s  no t  seen above samarium i n  t h e  rare e a r t h  series (10).  

C e r t a i n  rare e a r t h  salts  were used as an t i coagu lan t s  i n  Europe dur ing  
t h e  1940's  and occas iona l ly  hemoglobinuria w a s  produced. These were 
observed a t  doses of 5-8 mg/kg; s l i g h t  t r a n s i e n t  e l e v a t i o n s  of plasma 
hemoglobin were occas iona l ly  noted a t  dose l e v e l s  of 1-2 mg/kg (11). 
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Based on these  observa t ions  i n  ' i t . i Ina l s  and humans, i t  i s  a n t i c i p a t e d  
t h a t  t h e  r e l a t e d  admin i s t r a t ion  s t a b l e  dysprosium toge ther  w i th  
157Dy a t  t h e  l e v e l  proposed (not t o  exceed 10 l.lg Dy/kg) would produce 
a minimal hazard f o r  t h e  s u b j e c t s  r e c e i v i n g  dysprosium-157 c i t r a t e  
f o r  tumor l o c a l i z a t i o n .  The ORAU Committee on Human S tud ie s  has  
approved t h e  use  of lS7Dy citrate as o u t l i n e d  i n  t h i s  app l i ca t ion .  

3 .  Radia t ion  Dosimetry: 

157 The r a d i a t i o n  hazard a s soc ia t ed  wi th  t h e  admin i s t r a t ion  of 
would a l s o  be  minimal. Its h a l f  l i f e  is s h o r t  (8.2 h r ) .  Also i t  
decays by e l e c t r o n  cap tu re  and has  only a minor amount of a s soc ia t ed  
p a r t i c u l a t e  r a d i a t i o n .  
r a d i a t i o n  dose and dose t o  va r ious  organs p e r  m i l l i c u r i e  of adminis te red  
I57Dy. The dose f i g u r e s  i n  parentheses  are those  f o r  t h e  maximum 
admount of a c t i v i t y  t h a t  w i l l  be  adminis tered (17.5 m C i  i n  a 70 kg 
s u b j e c t ) .  These r a d i a t i o n  dose f i g u r e s  and those  below were c a l c u l a t e d  
by t h e  ORAU Radia t ion  Dosimetry Group (R. J. C l o u t i e r  and E. E. Watson) 
by e x t r a p o l a t i o n  from t i s s u e  d i s t r i b u t i o n  d a t a  obtained i n  t h e  ra t  a t  
24 hours f o r  maximum organ uptake.  

D sprosium-157 decays t o  157Tb which has  a h a l f  l i f e  of 150 yr .  
I37Tb decays by e l e c t r o n  cap tu re  e m i t t i n g  only  gadolinium X rays.  
Complete decay of 1 m C i  of 157Dy w i l l  produce on1 pCi of 
157Tb. The maximum pe rmis s ib l e  body burden f o r  11 7 Tb is  es t imated  
t o  be 150 pCi. 
t h i s  daughter  r ad ionuc l ide  can t h e r e f o r e  be  disregarded.  

Dysprosium-165 w i l l  b e  a s h o r t  l i v e d  (2.4 h )  contaminant i n  t h e  157Dy 
p repa ra t ion  ( s e e  s e c t i o n  4 ) .  It is a n t i c i p a t e d  t h a t  t h e  earliest  
p o s s i b l e  t i m e  t h a t  157Dy c i t ra te  can be  adminis tered w i l l  be  9 hours  
a f t e r  removal from t h e  r e a c t o r  (because of r equ i r ed  process ing ,  
t r a n s p o r t a t i o n ,  p repa ra t ion ,  and rogen t e s t i n g ) .  A t  t h i s  earliest 
admin i s t r a t ion  t i m e  each m C i  of lg7Dy w i l l  be  a s soc ia t ed  wi th  3.5 pCi 
of l65Dy o r  61  pCi f o r  a 17.5 m C i  dose of 157Dy. 
t h a t  1 pCi of 165Dy would produce a dose of only 1 x 
bone, t h e  c r i t i ca l  organ f o r  dysprosium. 
contamination p resen t  can thus  be d is regarded .  

Another s l i g h t  contaminant,  15'Dy, w i l l  a l s o  be  p re sen t  (see s e c t i o n  4 ) .  
Since  i t  has  a h a l f  l i f e  of 144  days,  i t  w i l l  i nc rease  i n  concen t r a t ion  
r e l a t i v e  t o  t h e  15'Dy p resen t  i n  t h e  
We do no t  a n t i c i p a t e  adminis te r ing  157Dy c i t ra te  a t  a per iod  of much 
longer  than 24 hours  a f t e r  removal from t h e  r e a c t o r  and c e r t a i n l y  
n o t  a f t e r  36 hours ,  simply because of product ion and decay economics. 
A t  t h e  36-hour per iod  each m C i  of 157Dy would be a s soc ia t ed  wi th  
approximately 0.07 pCi of I59Dy and a 17.5 m C i  dose of 157Dy would 
con ta in  1.2 pCi of l59Dy. 
y i e l d  a r a d i a t i o n  dose of 0.15 rad  t o  t h e  bone. 

Dy 

Table  10 shows t h e  es t imated  human whole body 

6 x 

Any r a d i a t i o n  dose r e s u l t i n g  from t h e  genera t ion  of 

It is  es t imated  

The dose from t h e  l65Dy 
rad  t o  t h e  

r e p a r a t i o n  as t h e  157Dy decays.  

It i s  es t imated  t h a t  1 pCi of 159Dy would 

1 0 4 8 5 9 1  
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It is apparent  from t h e  above cLJrisiderations t h a t  t h e  r a d i a t i o n  
dose from t h e  157Dy c i t r a t e  prei , ) r a t i o n  when used as proposed w i l l  
be  w e l l  w i t h i n  accep tab le  r a d i a t i o n  limits. The O M U  Medical Radio- 
nuc l ide  Committee has  accordingly approved the  use  of 157Dy ci t ra te .  

b. Previous Marketing: 

This  drug has  n o t  prev ious ly  been marketed bu t  i t  has  been investi-  
ga ted  i n  humans as a bone scanning agent  (8, 12). 

c. Drug Combination: 

Dysprosium-157 (111) c i t ra te  is  no t  a combination of prev ious ly  
i n v e s t i g a t e d  o r  marketed drugs. 

7. LABEL AND INFORMATIONAL MATERIAL: 

The i n v e s t i g a t o r s  prepar ing  and adminis te r ing  t h i s  drug are working 
i n  c l o s e  c o l l a b o r a t i o n  a t  the  same i n s t i t u t i o n .  Therefore ,  no formal  
in format iona l  material w i l l  be  prepared. 

8. SCIENTIFIC TRAINING AND EXPERIENCE OF INVESTIGATORS: 

The sponsor cons ide r s  t h e  ch ie f  i n v e s t i g a t o r s ,  a l l  of  whom are 
supported by competent a s s o c i a t e s ,  t o  be  exceedingly w e l l  q u a l i f i e d  
f o r  t h i s  r e sea rch .  
about  D r s .  Edwards, Hcbner, Goswitz, Vodopick, and Hayes (ORAU), and 
Poggenburg (ORNL) . 

See b ib log raph ica l  material i n  t h e  appendix 

9. PROGRESS OF THE INVESTIGATION: 

The progress  of t h e  i n v e s t i g a t i o n  and evidence of s a f e t y  and 
e f f e c t i v e n e s s  of t h e  drug w i l l  b e  eva lua ted  by C. L. Edwards, 
R. L. Hayes, J. K. Poggenburg, and The sponsor ,  Gould A. Andrews, M.D., 
w i th  advice  from t h e  ORAU Program R e v i e w  Committee and t h e  ORAU Committee 
on Human S tud ie s  (see a t t ached  lists and b iographies  i n  t h e  appendix). 

10. CLINICAL STUDIES: 

Phases I and 11, C l i n i c a l  Pharmacology, i n  t h i s  s tudy w i l l  c o n s i s t  of 
observa t ions  on t h e  metabolism and t o x i c i t y  of 1 5 7 9  c i t ra te  toge the r  
wi th  pre l iminary  observa t ions  on i t s  tumor- local iz ing p rope r t i e s .  
C. L. Edwards, M.D., w i l l  b e  i n  charge of t h i s  c l i n i c a l  i n v e s t i g a t i o n .  

P a t i e n t s  ( 3 0 )  w i l l  be  known t o  have cancer .  
r e c r u i t e d  from among our  c l i n i c a l  p a t i e n t s  and from p a t i e n t s  i n  t h e  
Oak Ridge Hosp i t a l  and surrounding h o s p i t a l s .  Informed consent w i l l  
be  obta ined  from each p a t i e n t  (minors and a d u l t s  incapable  of g iv ing  
a n  informed consent  w i l l  be  excluded from t h e  s tudy) .  No inducements 
w i l l  be  o f f e r e d  t o  o b t a i n  vo lun ta ry  consent.  
p a t i e n t s  w i l l  be  r e c r u i t e d  s p e c i f i c a l l y  f o r  t h e  s tudy wi th  no promise 
of continued medical  care a t  ORAU, and t h e  OKAU p a t i e n t s  w i l l  b e  
assured  t h a t  t h e i r  p a r t i c i p a t i o n  is not  a p r e r e q u i s i t e  t o  t h e i r  
cont inuing  t o  r e c e i v e  t rea tment  a t  ORAU. 

They w i l l  be  a d u l t s  

The la t te r  group of 

y$ 



The p r i n c i p a l  ques t ions  t o  be  ari;:wered (during a one year  per iod)  are: 

4 

1. 
a t  t h e  dose l e v e l s  proposed? 

Is t h e r e  any unsuspected t o x i c  e f f e c t  of dysprosium on humans 

2. W i l l  t he  uptake of 157Dy i n  human tumors be s u f f i c i e n t  t o  permit  
tumor d e t e c t i o n  by scanning? 

3. 
rate and e x c r e t i o n  p a t t e r n  f o r  157Dy i n  humans? 

For purposes of r a d i a t i o n  dosimetry,  what is t h e  blood c l ea rance  

4 .  What i s  t h e  optimum dose and scanning time? 

While i t  is no t  a n t i c i p a t e d  t h a t  t h e r e  w i l l  be any t o x i c  effect  of 
dysprosium a t  t h e  doses t o  be  used i n  t h i s  s tudy ,  t h e  p a t i e n t s  w i l l  
b e  observed c l o s e l y  f o r  any unan t i c ipa t ed  untoward e f f e c t s .  
P a r t i c u l a r  a t t e n t i o n  w i l l  be  given t o  looking f o r  an e f f e c t  on t h e  
c l o t t i n g  mechanism, because of t h e  known an t i coagu lan t  e f f e c t  of 
some of t h e  rare e a r t h  elements.  

To determine t h e  optimum t i m e  f o r  scanning and t o  o b t a i n  d a t a  f o r  
more p r e c i s e  r a d i a t i o n  dose estimates, blood levels and whole body 
counts  w i l l  be  monitored a t  f r equen t  i n t e r v a l s  from m u l t i p l e  blood 
samples and l i n e a r  p r o f i l e  scans.  
be c o l l e c t e d  f o r  48 hours  after dosing and t h e  r a d i o a c t i v i t y  measured 
by w e l l  count ing.  

A l l  u r i n e  and f e c a l  e x c r e t a  w i l l  

The optimum dose for scanning w i l l  be determined from d a t a  obta ined  
w i t h  t h e  use  of m u l t i p l e  imaging devices  (Anger camera and recti-  
l i n e a r  s canne r s ) ,  wi th  scans  made a t  d i f f e r e n t  t i m e  i n t e r v a l s .  

Should t h e  r e s u l t s  of t h i s  s tudy be encouraging, a subsequent proposa l  
and a p p l i c a t i o n  w i l l  be  f i l e d  f o r  c l i n i c a l  t r i a l s  involv ing  comparison 
w i t h  o t h e r  tumor d e t e c t i n g  techniques.  

11. The sponsor w i l l  n o t i f y  t h e  Food and Drug Adminis t ra t ion i f  t h e  
i n v e s t i g a t i o n  i s  d iscont inued ,  and t h e  reason  f o r  it. 

12. The sponsor w i l l  n o t i f y  t h e  i n v e s t i g a t o r s  i f  a new drug a p p l i c a t i o n  
is approved. 

13. There are no p l ans  f o r  s e l l i n g  t h i s  drug; Oak Ridge Associated 
U n i v e r s i t i e s  is  a nonpro f i t  co rpora t ion ,  and our  i n t e r e s t  is  only  
i n  t h e  b a s i c  r e sea rch  phase of t h i s  work. 

157 The sponsor w i l l  no t  permit  i n i t i a t i o n  of c l i n i c a l  s t u d i e s  of 14. Dy 
ci t ra te  p r i o r  t o  30 days a f te r  t h e  d a t e  of r e c e i p t  of t h e  n o t i c e  by 
t h e  Food and Drug Adminis t ra t ion.  
o r  t o  restrict  c l i n i c a l  s t u d i e s  i f  reques ted  t o  do s o  by t h e  Food and 
Drug Adminis t ra t ion  p r i o r  t o  t h e  e x p i r a t i o n  of such 30 days. 

H e  a l s o  w i l l  cont inue  t o  withhold 
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'W TABLE 2 

RAKE EARTH RADIONUCLIDES FOR TUMOR SCANNING 

Isotope Decay Mode T1/2 Y Energy (%) Comments 
~~ ~ 

167T~ EC 9d 208 Kev (43%) 168~3: p ,  2n 

171Er' B- 7.5h Q300 Kev (90%) (3 170Er = 5.7; 171Trn T1/2 = 1.9~ 

DY EC 8.2h 326 Kev (91%) (3 156Dy (0.05%) = 3 157 

TABLE 3 

INFLUENCE OF TIME ON TISSUE DISTRIBUTION OF 171ER AND 16'YB IN RATS 

BEARING 5123C HEPATOMAS 

Isotope Erbium-171 Y t terbium-169 

Time 2 h  4 hr 24 h . 4 h  24 h 
** 

Tumor conc. (%/g) 3.3 4.5 3.4** 3.5 4.9 
* 

Ratio tumor conc. to: 

Liver 
Spleen 
Kidney 
Lung 
Muscle 
Femur 
Marrow 
Blood 

5.0 5.6 
5.5 7.9 
1.3 1.7 
6.3 12.0 
43.0 87.0 
1.5 1.4 
7 . 2  10.1 

6.2 19.0 

6.7 
6.4 
2.0 

19.0 
180.0 

1.0 
12.5 
130.0 

7.9 11.0 
4 . 6  6.3 
3.4 4.7 
11.0 25.0 
66.0 160.0 

2.1 2.0 
5.9 8.0 
9.9 110.0 

* Percent administered dose/g normalized to body weight of 250 g. 

Not significantly different from 4 hour value. 
** v 

1 0 4 8 5 9 8  
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TABLE 5 

EFFECT OF ERBIUM CARRIER ON THE DISTRIBUTION OF I7'ER (24 h r )  I N  THE RAT 

Carrier (mg/kg) 
T i s sue  2, C.F. 0 . 1  0.5 1.0 

% Administered Dose/g 

L ive r  

Spleen 

Kidney 

Lung 

Muscle 

Femur 

Marrow 

Blood 

Tumor 

0.50 

0.24 

1.30 

0.19 

0.02 

4.50 

0.26 

0.01 

2.30 

3.40 

0.76 

3.00 

0.20 

0.02 

2.61 

0.56 

0.03 

1.60 

8.00 

1.60 
1.40 

0.33 

0.02 

1.40 

1.30 

0.13 

0.88 

10.00 

4.80 

1.00 

0.64 

0.01 

1.10 

2.00 

0.18 

0.44 

TABLE 6 

EFFECT OF CARRIER ERBIUM ON TISSUE DISTRIBUTION (21  h r )  OF I7'ER I N  THE RAT 

Carrier (pg/kg) 
Tissue  Q C.F. 1 .7  11 1 7  34 

% Administered Dose/g 

Liver 0.68 

Spleen 0.57 
Kidney 1.40 

Lung 0.19 

Muscle 0.03 

Femur 4.50 
Marrow 0.24 

Blood 0.02 

Tumor 4.00 
w 

0.72 

0.66 

1.60 

0.23 

0.03 

4.70 

0.28 

0.02 

5.00 

0.61 

0.32 

1.80 

0.18 

0.02 

4.20 

0.30 

0.02 

3.80 

1.30 

0.67 

2.60 

0.19 

0.03 

4.10 

0.39 

0.02 

4.00 

3.70 

1.10 

2.70 

0.23 

0.03 

3.50 

0.65 

0.06 

3.70 

1048b00 



TISSUE DISTRIBUTION OF 147TM (24 HR) IN !LAiTS BEARING 7 7 7 7  HEPATOMAS WHEN 
9c 

ADMINISTERED INTRAVENOUSLY IN VARIOUS FOlU4S 
U 

Form 
Tissue/Ratio Gluconate Ci t ra te  NTA HEIDA HEDTA 

Tumor (%/g) 2.70 3.20 2.70 2.70 0.17 

Ratio tumor conc. to: 

Liver 3.10 7.50 6.90 6.40 2.30 
Spleen 3.30 6.10 4.40 4.80 0.44 
Kidney 2.60 3.00 3.30 3.40 0.53 
Muscle 160 170 140 210 110 
Femur 1.10 1.30 1.10 1.10 0.88 
Femoral marrow 6.50 8-00 6.70 6.10 4.90 
Blood 150 150 140 120 1 9  .o 

* 5.2 pM/kg; 4 animals per group. 

TABLE 8 

I 

TISSUE DISTRIBUTION (24 HR) OF 170TM IN THE MALE AND FEMALE FISCHER RAT* 

Tissue Sex Significance 
Male Female P 
% Administered dose/g** 

Liver 0.74 0.56 0.001 - 0.01 

Spleen 0.57 0.31 <o. 001 

Kidney 0.62 0.52 0.02 

Lung 0.13 0.11 - 
Muscle 0.03 0.02 <o. 001 

Femur 5.00 4.30 <o. 001 

Marrow 0.33 0.22 - 
Blood 0.02 0.01 <o. 001 

* 
Groups of 5 animals each. 

Percent administered dose/g normalized t o  body weight of 250 g. 

Q 

.F ** 



--- 

* .  

TABLE 3 

EFFECT OF AGE ON THE TISSUE DIS!;:IBUTION (24  HR) OF 170m IN THE 

MALE BUFFALO RAT* 

T i s sue  Age S ign i f i cance  

2 months 5 months P 
% Administered dose/g** 

Liver 

Spleen 

Kidney 

Lung 

Mus c l e  

Femur 

Marrow 

Blood 

Avg. w t .  

0.36 

0.19 

0.76 

0.14 

0.02 

4.60 

0.26 

0.01 

0.48 

0.29 

2.10 

0.29 

0.04 

4.30 

0.38 

0.02 

<o . O O l  

<o. 001 

<o. 001 

<o. 001 

<o. 001 

C0.05 >0.02 

CO.01 >0.001 

<o. 001 

190 370 

* 
** 

Groups of 5 animals each. 

Percent  adminis te red  dose/g normalized t o  body weight of 250 g. 
*' 

TABLE 10 

ESTIMATED HUMAN RADIATION DOSE FROM 157DY I N  RAD PER MILLICURIE 

BASED ON RAT TISSUE DISTRIBUTION DATA 

Organ Rad/mCi 

T o t a l  Body 0.065 ( l . l ) *  

Liver 0.14 (2.4) 

Kidneys 0.17 (3.0) 

Spleen 0.11 (1.9) 
** 

Skeleton 0.14 (2 .4 )  

Marrow 0.12 (2.1) 

* 
Values i n  parentheses  are t h e  doses i n  r ads  f o r  t h e  maximum 

a c t i v i t y  dose t o  be  adminis te red  t o  a 70 kg s u b j e c t  (17.5 mCi). 

Skeleton = bone -k marrow. 
** 
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Profes so r ,  Dep t . of Biochemistry 
Vanderbil  t Univers i ty  Medical School 
Nashvi l le ,  Tennessee 37203 

Jane  F. Desforges,  M.D. 
T u f t s  Univers i ty  Hematology Laboratory 
Boston Ci ty  Hosp i t a l  
818 Harr i son  Avenue 
Boston, Mass. 02118 

R. J. M. Fry,  M.D. 
Div is ion  of B io log ica l  and Medical Research 
Argonne Nat iona l  Laboratory 
Argonne, I l l i n o i s  60439 

Robert  H. Greenlaw, M.D. 
Marshfield C l i n i c  
Marshfield,  Wisconsin 54449 

Leonard A. Sagan, M.D. 
Pa lo  Al to  Medical Clinic 
300 Homer Avenue 
Palo Alto, C a l i f o r n i a  94301 

W i l l i a m  H. Stone, Ph.D. 
Laboratory of Genet ics  
Un ive r s i ty  of Wisconsin 
Madison, Wisconsin 53706 
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‘U Name: 
Posit dn: 
School: 

Licensure: 
Board : 
Memberships: 

Name : 
Pos it ion : 

School: 

Licensure: 
Memberships : 

BIOGRAl’I! TES 

Gould A. Andrews 
Internist, Chairman, Medical Div,;ion, ORA 
University of Michigan, A.B., 1940 
University of Michigan, M.D., 1943 
Tennessee 
Internal Medicine 
Society for Experimental Biology and Medicine; American 
Association f o r  Cancer Research; American Thyroid Association; 
Society of Nuclear Medicine; Southern Society for Clinical 
Research; American Medical Association; American Association 
for the Advancement of Science; American Federation for 
Clinical Research; Fellow, American College of Physicians; 
American Society of Hematology (1968); Health Physics Society, 
East Tennessee Chapter; Tennessee Academy of Science; 
Tennessee Blood Club. 

A, Bertrand Brill 
Associate Professor of Medicine and Radiology, Vanderbilt 
School of Medicine. 
Grinnell, A.B., 1949 
University of Utah, M.D., 1956 
University of California, Berkeley, Ph.D., 1961 
Tennessee 
American Association for the Advancement of Science; Society 
of Nuclear Medicine; Radiation Research Society; American 
Thyroid Association 

Other Indication of Experience and Competence: 
Medical Director, Division of Radiological Health, 
U. S. Public Health Service, 1957-1964, Rockville, Maryland 

Name : John G. Coniglio 
Position: Professor of Biochemistry, Vanderbilt 

School of Medicine 
School: Furman, B.S., 1940 

Vanderbilt, Ph.D., 1949 
Memberships: AAAS; Inst. Nutrit; Oil Chem. SOC.; SOC. Biol. Chem. 
Other Indication of Experience and Competence: 

Specialist in lipid chemistry. 

Name : Jane Fay Desforges 
Position: Associate Professor, School of Medicine, Tufts University 
School: Wellesley College, B . A . ,  1942 

Memberships: Associate Editor, New England Journal Medicine, 1960-; 
Tufts University, M.D., 1945 

Amer. Fed. Clin. Res.; Amer. SOC. Hemat.; Amer. SOC. Exp. 
Path. Hemat. 
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N a m e  : 
Posi t ion :  . 

e Schools: 

Licensure:  
Board : 
Memberships : 

Name : 
Posi t ion :  
Schools : 

Memberships: 

Name : 
Schools : 

Pos i t ions :  

d 

Interests: 

C. Lowell Edwards 
Chief of C l i n i c a l  Research, Medical Divis ion,  ORAU 
Manchester College,  A.B., 1950 
Indiana Un ive r s i ty ,  M.D., 1954 
Tennessee, Ind iana  
I n t e r n a l  Medicine 
Roane-Anderson County Medical Society,  Tennessee Medical 
Associat ion,  American Medical Assoc ia t ion ,  Soc ie ty  of 
Nuclear Medicine, American Assoc ia t ion  f o r  t h e  Advancement 
of Science,  New York Academy of Sciences.  

Richard Jeremy Michael Fry 
Senior  S c i e n t i s t ,  Argonne Nat iona l  Laboratory 
Un ive r s i ty  of Dublin, B.A., 1946 
Univers i ty  of Dublin, M.D., 1962 
Radia t ion  Research Society,  American Assoc ia t ion  Cancer Research, 
Re t i cu loendo the l i a l  Soc ie ty  

F ranc i s  A. Goswitz 
Marquette Un ive r s i ty ,  Premedical,  B . S . ,  1952 
Marquette Un ive r s i ty  School of Medicine, M . D . ,  1956 
I n t e r n ,  Un ive r s i ty  of Iowa Hosp i t a l s ,  1956-57 
Resident ,  I n t e r n a l  Medicine, Un ive r s i ty  of Iowa 

I n t e r n i s t ,  U. S. Army Hospi ta l ,  F o r t  Campbell, Ky. 

Fellow, Nuclear Medicine, ORAU Medical Div is ion ,  1960-61 
Research Assoc ia te ,  Hematology, Univers i ty  of Utah, 

C l i n i c i a n  and Coordinator ,  Medical Radioisotope Courses, 

Senior  C l i n i c i a n  and C l i n i c a l  Research I n v e s t i g a t o r ,  

Malignant d i sease ,  hematology and nuc lea r  medicine 

Hosp i t a l s ,  1957-58 

19 5 8- 60 

1963-65 

ORAU S p e c i a l  Tra in ing  Div is ion ,  1965-68 

ORAU Medical Divis ion,  1968 t o  p r e s e n t  

Hematology: chemotherapy of leukemias and lymphomas 
c y t o k i n e t i c s  and cytochemistry of blood ce l l s ,  
i r o n  metabolism 

Nuclear Medicine: Uses of r ad io i so topes  i n  cancer ,  
b i o l o g i c a l  e f f e c t s  of i r r a d i a t i o n .  
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N a m e  : 
Pos i t ions :  u 

Schools : 

Board : 
I n t e r e s t s  : 

Name : 
Pos i t ion :  

‘w School: 

Memberships : 

I n t e r e s t s  : 

Name : 
Pos i t ion :  
Schools : 

Pos i t ions :  

Memberships : 

I n t e r e s t s :  

Helen Vodopick Goswitz 
I n t e r n s h i p ,  Univers i ty  Hosp i t a l s ,  Univers i ty  of Iowa, 

Residency i n  I n t e r n a l  Medicine, Univers i ty  Hospi ta l s ,  

Post-residency Fellow i n  Nuclear Medicine, ORAU Medical 

I n s t r u c t o r ,  I n t e r n a l  Medicine and Hematology, Fellow, 

Research Assoc ia te  i n  Hematology, Univers i ty  of Utah, 

A s s i s t a n t  C l in i can  and Head of C l i n i c a l  Hematology 

Marquette Univers i ty ,  B . S . ,  1949-1953 
Marquette Univers i ty  School of Medicine, M.D., 1952-56 
I n t e r n a l  Medicine, 1966 
Hematology: Leukokinet ics ,  e s p e c i a l l y  of “mye lopro l i f e ra t ive  

d i s e a s e s  
Immunology: 

involves  i n  v i t r o  mixed leukocyte  c u l t u r e s  
Nuclear Medicine: Liquid s c i n t i l l a t i o n  spectrometry and 

autoradiography i n  r e l a t i o n  t o  t h e  above two areas of 
i n t e r e s t .  

1956-57 

1957-60 

Div is ion ,  1960-61 

Univers i ty  of Iowa, 1961-63 

19  6 3- 65 

Laboratory,  ORAU Medical Div is ion ,  1965 t o  p r e s e n t  

His tocompatabi l i ty  t e s t i n g  - c u r r e n t  work 

Robert H. Greenlaw 
Phys ic ian  at Marshfield C l i n i c ,  Marshfield,  Wisconsin 
Tuf t s ,  B . S . ,  1948 
Rochester ,  M.D., 1952 
Amer. Cancer SOC.; Member Med. Adv. C m t ,  AEC; Amer. Med. 
Associat ion;  Col. Radiol. ;  Assoc ia t ion  Univ. Radiol.; 
Soc ie ty  of Nuclear Medicine. 
Development of r ad io i so topes  f o r  d iagnos is  and therapy; 
r a d i a t i o n  biology;  c l i n i c a l  development i n  r a d i a t i o n  therapy. 

R. L. Hayes 
Senior  S c i e n t i s t  i n  charge of medical r ad io i so tope  development. 
Univers i ty  of North Caro l ina ,  B.S., 1944 
Unive r s i ty  of North Caro l ina ,  Ph.D., 1952 
Senior  Chemist, U. S. Rubber Co., North Caro l ina ,  1944 
U. S. Army, 1944-46 
ORAU Medical Div is ion ,  1950 - presen t  
American Chemical Soc ie ty ,  Soc ie ty  of Nuclear Medicine, 
Re t i cu loendo the l i a l  Society.  
Development of medical  r a d i o i s o t o p i c  agents ;  r a d i a t i o n  

dosimetry.  

1 0 4 8 b 0 1  
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Name : Karl F. Hibner 
L/ Schools: 2 years of co l l ege  ( l a s t  2 yea r s  of German "high school") 

Univers i ty  of Heidelberg,  Germany, M.D., 1959 
Pos i t i ons :  Senior  S ta f f  Member wi th  c l i n i c a l  s t a f f  of t he  ORAU Medical 

Research Assoc ia te  i n  Experimental  Immunology, ORAU Medical 

Resident  i n  P e d i a t r i c s ,  Univers i ty  of Tcbingen, Germany, 

Resident  i n  C l i n i c a l  I n v e s t i g a t i o n ,  Oak Ridge I n s t i t u t e  of 

195 2- 54 

Div is ion ,  1971 t o  p re sen t  

Div is ion ,  19 67-70 

Medical School, 1964-67 

Nuclear S tud ie s ,  (now Oak Ridge Associated U n i v e r s i t i e s )  
1962-64 

In t e rnsh ip  ( r o t a t i n g )  a t  2nd General Hosp i t a l  of t h e  U. S. 
Army, and t h e  86th T a c t i c a l  Hosp i t a l  of t h e  U. S. A i r  Force,  
1960-61 

I n t e r e s t s :  C l i n i c a l  immunology, t rea tment  of n e o p l a s t i c  d i seases  of t h e  
bone marrow and lymphatic system, wi th  s p e c i a l  i n t e r e s t  i n  
immunotherapy and t r a n s p l a n t a t i o n  immunology. 

Name : Melvin E. Koons 
P o s i t  i o n  : Execut ive A s s i s t a n t  t o  P res iden t ,  Union Carbide Corporation, 

School: Univers i ty  of North Dakota, B.A., 1955; J u r i s  doc tor ,  1961. 
Nuclear Div is ion ,  Oak Ridge, Tennessee 

Admitted t o  p r a c t i c e  of l aw:  
North Dakota, 1961; Tennessee, 1964; Federa l  District  Court ,  
North Dakota, 1961; East Tennessee, 1964; U. S. Supreme 
Court ,  1966. 

Memberships: American Bar Associat ion,  Pub l i c  Cont rac ts  Sect ion;  Federa l  
Bar Assoc ia t ion ,  Government Cont rac ts  Committee, R & D Cont rac ts  
Subcommmittee; Tennessee Bar Associat ion;  North Dakota Bar 
Assoc ia t ion ,  Ward County, North Dakota, Bar Assoc ia t ion  

Name : Robert  Lange 
Po s i t  ion: Research P ro fes so r ;  A s s i s t a n t  D i rec to r ,  Un ive r s i ty  of 

Schools : Macalester College,  B.A. 

Licensure:  Tennessee, Minnesota, Missouri ,  Georgia 
Board : I n t e r n a l  Medicine 
Memberships: Amer. Assoc. Adv. S c i . ;  ANA; Knoxvil le  Acad. Med.; Southern 

SOC. Res . ;  Cen t r a l  SOC. Cl in .  Res.; Amer. Coll .  Phys ic ians ;  
I n t e r n a t i o n a l  SOC. of Hematology, etc.  

Tennessee Memorial Research Center 

Washington Univers i ty ,  M.D.,  1944 
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Name : Thomas A. Lincoln 
Position: Director, Health Division, O W L  
School: Macalester College, B . A . ,  1946 

University of Minnesota, B.S., 1947; B.M., 1949; M.D., 1950 
Rotating Internship, Ancker Hospital, St. Paul, Minn. 1949-50 

I) 

Licensure: Tennessee, Minnesota 
Board : American Board of Preventive Medicine, 1963 
Memberships: Fellow,lndustrial Medical Association; Tenn. Indust. Med. 

Assoc.; Amer. Acad. Occupational Med.; AMA; Roane-Anderson 
County Pled. SOC.; Oak Ridge Regional Mental Health Center. 

Name : Bill Nelson 
Posit ion : Research Pathologist 
Schools : University of Kansas, A.B., 1948 

Licensure: Tennessee 
Board: American Board of Pathology 
Memberships: Amer. Med. Assoc.; Amer. SOC. Clin. Path.; Reticuloendothelial 

University of Chicago, School of Medicine, M.D., 1952 

SOC.; Society of Nuclear Medicine; Tennessee Assoc. Pathology 

Name : J. K. Poggenburg, Jr. 
Posit ion : Research Staff, Biomedical Radioisotopes Group, Oak Ridge 

Schools : 
National Laboratory 
College of the Holy Cross, Worcester, Mass., B.S., 1956 
University of California, Berkeley, Ph.D. - Nuclear Chemistry - Memberships: her. Chem.Soc.; Society of Nuclear Medicine; Sigma Xi. 

Name : Leonard A. Sagan 
Position : Internal Medicine, Research Administration 
Schools : Stanford, A.B., 1950 

University of Chicago, M.D., 1955 
Harvard, M.P.H., 1965 

Memberships: Dipl. her. Board Internal Medicine; Fel. American College of 
Physicians. 

Interests: Late effects of radiation. 

Name : William Harold Stone 
Posit ion : Genetics, Immunology 
Schools : Brown University, A.B., 1948 

Maine, M.S., 1949 
Wisconsin, Ph.D., 1953 

Transplantation Society; Science Research Society her. Animal 
Science. 
Immunogenetics and immunochemical studies of blood groups; 
immunology of fertility and sterility; transplantation and 
tolerance. 

Memberships: Genetics SOC.; SOC. Human Genetics; Amer. Assoc. Immunology; 

Interests: 



Name : John B. S t o r e r  
‘c/ Pos i t ion :  S c i e n t i f i c  D i rec to r  f o r  Pathology and Immunology, Biology 

Divis ion ,  Oak Ridge Nat iona l  Laboratory 

American Assoc ia t ion  Cancer Research; Amer. SOC. f o r  Exper. 
Path.; Radiat ion R e s .  SOC.; SEBM; N a t .  Council on Radia t ion  
P r o t e c t i o n  and Measurements 

Schools : Univers i ty  of Chicago, M.D., 1947 
Memberships: 



MEDICAL RADIONUCLIDE COMKITTEE 
Medical Division 

Oak Ridge Associated Universities 
d 

Dr. C. Lowell Edwards Proposal NO. 74-14 PERSON SUBMITTING PROPOSAL 

DESCRIPTION: lllIn-chloride for tumor imaging. Activities ranging from 350 
This radiopharmaceutical 

4 

to 1250 microcuries will normally be administered. 
is used under an IND with FDA. 
Nuclear is attached. 

A package insert supplied by New England 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical -/may not be administered to pregnant patient. 
Other: Zadiopharruceutical t o  be a&inist+rrd in accordazca wit3 pCkge 

Physiciazs m y  r o t  

* 

insert supplied with the radio3hrr;uckutical. 
zbinister core  than twice tho n o t v l l y  recmended a c t i d -  
W f  thout specff  ic approval of the Xedical  Radionuclide C o d t t c t -  

0 The Committee disapproves for the following reasons: 

f MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

A- 8- ?y 
J. D. Berger 

R. J. Cloutier 

k 7 d W  C. L. Edwards 

R. L. Hayes 

C. C. Lushbaugh 
1 

\ 
Proposal -/does not require approval of Committee on Human Studies. 

d 

Human Studies approval granted on 

lO48bt I 
1 7 / 7 1  
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8. Package Inner( Information - Indium-111 

Nun.; Indium-111 CNorlde (0.45 to 0 . 6 )  In sdlne soldion 1. 

(pH adjusted to 1 to 3 by mdditlon of HCII for intravenous Injection. 

2. 

chlorlde in 0.45 to 0. @% d i n e  wlutlon whose pH hM been adjusted to 1 10 

3 by mddltion of HCL. Csch ml of sdutlbn cmtdns 1 mCi 1~20%I of Indlum-Ill 
lesi thmn 2 (rCi of lndium-ll4m ud leas than 10 of Cadmium at callbrm- 
tlon t h e  (cd1bratIon time stmtd DD had shield ud vial  label). Indlum-111 

has a physical half We of 1.8 days ud decays by electron cmpture eminlng 

173 KeV 1119% -ant a d  147 KeV (04% abundmi) gunmi rmys and charac- 

Dcscrlptlar TMs solutlon contmlns m-carder-added Indlum-Ill 

1 e f l M t l C  X-rST. Of CdUllum. 

a. 
no-carrier-ad- Indlurn-l11 chloride binda to plasma trmsfcrrin. the 

*pecinc plasma iron btndlng protein (1). Thus. tts initlal distribution space 
I s  the intravascular space ud Its p1a.m. clesrmnce half life In man is 6 to 

10 hours (1 .2) .  Subsspuant to clearance of activity from plum. approximdely 
one-third accumulates In the bone ma- and --third in the Iiver(3). In 
one study 11% ol the admlntstered doae was excreted in the urine uni 4% In 
the feces wlthin ten d y s  after I ts admlnlrtratlon (41. 

AetiM. (cltniol i%um.colo& Intravenously admlddartd 

Lllien. et. al. nsesntly reported evidence ~gges t lng  that no-carrier-added 
Indium-Ill eoneentrated In e y l b d d  precursors In the bone marTom (3). 

Thls ooncludon WM Independently reached by Farrer. et. al. 6). LLllen. 

d.aL found Indlurn-Ill uptake In reticulocytes compar.ble to that of 
radlolron and found that rdidndlum amrmuldion in human bone marrow 
could be abrogbed by 400 to 000 rads ndlatlon e r p o ~ r c  whlle radlocdlOid 
uptake In much m- wms mlnlmaUy disturbed. They referred to dala In 
the Ilterwrt rhlch Indicates ih.1 once assoelated r l th  erythrotd precursors. 
lndlum appear. to be h n d  to heme. Upon conslderatlan of the blologlcal 
mnd physlcal charactsrlmtics they conclude that all of theae proPCtiles of 

lndlum-Ill chloride make It a thsomteany ldell bone marrow imaglw agent. 

Indium-111 Chlorldc bas b n n  u r d  successfully to find tumors sclntigraphl- 
cany (2. SI. 

Lbastmetzy calculations were m& tq Dr. L.S. Graham of UCLA uslw the 
absorbed dose Iratlon method. Assumtng UL Idintte blologlcal half-We 
and the In VIVO distrfbutIon ginn  above. the following absorbed rdiatlon 
dome estimates w e n  oMalned for a standard mur. ’ , 

Ab.orbtd Dome 
O r p n  nd./mCI 
M a r m  a. 4 

Llnr 4.5 

T d l l  Body 

uterus 0. a 

0 .5  (g0nld.l dose I s  CoNidcmd equal to 
whole body &me) 

4. Indlcatlonn: Bone marrow rcintlgnpby md sclntigraphlc localimatlon 
d .On timsuc tumors. 

1. Contralndlc~tlow: Indlum-111 chlorldc shmld n d  be adminlstend 
to p.tlSn\. In whom the poaslble risk. of 
m e l g h  the benefits amlclpated from perlomanes of the study. 

to ionidng rdiation 

6. 

to leukemia-induction by Ionizing rrdlation than the adult. Consequently 
Indium-Ill chlorlde shocrld Om be adminlsterrd to pregnant females or 
phtiefi undrr IO years of y e  unless erceptlonal Indlcatlon exlsts for 
perlonnlng the studlei Involving thla radlonucllde. 

7. Aucautioru: Thc use of Indium-Ill chloride does not Involve -7 

unlcpe huards. ’rhe prtcautlons asaoclakd rlth the u#e or thll material 

ara the same u those MHKlsted wlth the use of any rdlolctlve materid 
r l th  .imLlar phys1c.l pmperlles. Appropriate procedumm should be used 
to tnmure mlnlmum rdlation expos- to the patlent mnd 111 anending 

Wamlws: The fcbls and young child mppear to be more msceptlble 

WNDIUIO1. 
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8. Advrrsr llractions: Although no advcrac rcacttons a r e  anticipated 

from ufic of this prmluct t h r r c  arc no assurances that they will not occur. 

9. 

tigraphy should hc minimixcd consistent with the requirements of the study, 

the instrumentntion to be URcd and the patient's age. s ize  and pathology. 

Lilinn. et. el. used two to  five millicurics in  their studies. We recommend 

that no more than 2 mC1 be  given to adults weighing 70 kgm or more and 

proportionately l e s s  f o r  lighter people. Bone marrow scintigraphy and 

sctntigraphic imaging of soft tissue tumors should be performed 24 to 72 

hours after intravenous administration of Indium-111 chloride. 

D o ~ i c e :  Thc dosage of Indium-111 chloridc for bone marrow scin- 

10. ~ l i n i c a l  Studieh; Bone marrow uptake following intravenous adminis- 

tration of Indium chloride is well known. Lflien et. al. snd Fa r re r .  et. el. 

s h o w 4  that this uptake was due to  accumulation in non-reticuloendothelial 

cel ls  within the bone marrow. 

The presently available clinical studies indicate that Indium-111 chloride 

administered intravenously is useful i n  h a g i n g  thc  erythropoietic organ. 

The clinical significance of erythropoietic organ imaging has  been previously 

demonstrated by scintigraphy wlth radioisotopes of iron. These studies 

nhoved that i n  normal adults the preponderance of erythropoietic marrow 

is located in  the vertebra, pelvis. proximal femurs and humeri. sternum. 

r ib s  and scapulae. In you= ehildren and in disease processes where there 
in extension of erythropoietic bone marrow. sites of erythxopoiesismay 

be neen around the  knees (distal femur and proximal tibia) ankles (distal 

tibid and elbows (dlstal femur and proximal radlus and ulna). Erythropoiesis 

in irradiated bane may be temporarily suppressed by several hundred rad 

a d  is permsnently suppressed by e v e r a l  thousand rad. 

11. 

nolution (pA 1 to 3) fo r  intravenous injection i s  prepared according to appro- 

priate manufacturing methods to  be ster i le  and pyrogen free. The product 

i s  lupplied In 3 ml vials. The specific concentration i s  2 mCilml at cali- 

bration t ime and each vial contains 1 to 24 ml a s  stated on the vial and lead 

shield label. 

Hov Supplied: Indium-111 chloride in acidified 0.45 to 0.9% muline 

No preservatives a re  added. 

12. 

13. 

I .  

2. 

Decay Data (Standard. Dosage): 

T ime  from Specific Time from Specific 
Calibration Concentration of Calibration Concentration of 
(Hours) Xn-Ill (mclml)  (Hours) In-111 (mclml)  

-24 
-20 
-16 - 12 
- a  
- 4  

0 
4 
8 

12 
16 
20 
24 

2.56 
2.46 
2.33 
2.27 -72 4.08 
2.17 -48 3.28 
2.07 -24 2.56 
2 0 2 
I. 92 24 1.56 
1.84 48 1.22 
1.76 72 .98 
1.70 
1.62 
1.56 

References: 

Wochner. R. D., Adetepe. M., Van Amberg. A. and Patchen. E. J. 
A new method f o r  estimation of plasma volume with the use of the 

distribution space of Indlum-113m transferrin. The Journal 01 

Laboratory and Clinical Medicine. Vol. 75. No. 5. pp 711-720. 

Way. 1970. 

Coodwln. D.A., Code, R . ,  Brown, L. and Imbormne. C. J. 
lllln-labeled t ranslerr in  for the detection of tumors. Radiology, 

VOI. 100. No. 1. pp 157-170. July, 1971. 
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5855 CHRISTIE AVENUE 
EMERYVJLLE, CALIFORNIA 94608 

(Home Office) - Son Francisco Area 
(41 5) 658-2 1 84 

3. Lillen. D.L.. Berger. I1.G..  Anderson. D.P. and Benett, L.R. 

Indium-111 Chloride A new agent for bone marrow imaging. Pre- 
sented in part at the Works In Progress Sectlon. 19th Annual Meeting. 
Society of Nuclear Mediclnc. Boston. July 14. 1972, 

Graham. L. S.. '''InCl Dosimetry, private communlcatlon. 4. 

5. Farrer. P. A., Saha, C. B. and Shibmta, H. N. Evaluation of '''In- 
transferrln as a tumor scanntng agent tn humans. Journal of Nuclear 
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LABORATORY FACILITIES 

SAN FRANCISCO 
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(213) 245-5751 
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Rosemont, Illinois 6001 8 

(3 1 2) 67 1-5444 

NEW YORK & NEW JERSEY 
900 Durham Road 

South Plainfield, New Jerwy 07080 
(201) 757-0500 
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INDIUM-Ill CHLORIDE 
NAME 

DESCRIPTION 
oble in single dose viols cmtoining 3 mCi. 

C o n i c r - h e  Indium-Ill, o cyclatron poduced poduct, of ferro f o w o b l c  long-lived 
complement to Indium-113m with identical chemistry fc i  the study d s low biological 
processes when obrsrwtion priodr of 24-72 hours ofkr o nistmtwn ore necesurry. 
Ind im- l l lm h a s  o l imited opplicotion to mpid p h y r i o l o g i ~ s t u d i e i  that con be 
i m p c d  within o mximum of 4-8 hours becouss of its short half-l i le (1.66 hours). 

Indium-Ill has very faumb le  physical decmy chamcteristicr for in  vivo studier. I t  
& c o p  by electron capture wi th D physical half-life of 67.7 haws, emits m beto 
porticlcr and has foromble g o m m  energies (173, 247 KEV) fu YY with imping 
+quipnmnt . 
Indim-Ill injected intravemudy ot  ocid p4i bin4 qwnt ib t i ve l y  to tmnsferrin, com- 

p-'pting with iron for the urme binding rites. Reported ommpc plosm dlurppamnce 
half-l i fs n l u s  mnge f m n  4 4  hous. l i t t l e  i s  excreted (in M study 11% In urine 
ond 4% in  feces by IO L y r )  ond its tissue rekntion ha l f - I l k  i s  much long.' than i t s  
physical half-l i fe. 

Accuding to Lilicn (2) honsferrin-bound i m h  m f i w r d  into erythroid pre- 
cu~iorr i n  o mnner similar if not identical to iron. Earlier pcliminory work had 
demmrtmtrd minim1 indium uptake by r m t m  red cells and had further indicated 
thmt only cellsrsocioted indium oppeored to be boundlo heme. The rimilorlties 
6i i n d i m  ond iron iuggtst that indium i s  o c t w l l y  incorporotrd into the metollopaphyrin 
!n t h  plocc of iron. 

There ism evidence in t h  l i t r m l u c  os noted by Lilicn (3) to svpptst that Indium-Ill 
in jected 01 ocid pH behaves os o colloid. Accvmulotion in mnow then, would d e p n d  
vpon blood flow. I t  i s  wel l  known thot alteration in hepotic or splenic blood flow p o -  
duces m r k c d  olterotion in morrow colloid distribution ond frrth.1 t k t  phawcytic and 
h m t o p o i c t i c  rmrrowmoy not olwoyi pomllcl each other. 

INDICATIONS 
a n l w t i o n  of rodiot im thempy, de loFd  bmin $conning, viswl i rot ion of  the lymphatic 
system, blood pool scorning, ond cspciolly useful in virwlizing bone mnow and 
o h r  hcrmtopoietic dimderr. 

Indium-Ill Chloride for IntmyfmyI Adn$nishatia. 

Indium-Ill Chloride in 0.05 N hydrochloric ocid rolvtion i s  ovoil- 

-. 
>- 

:' 

* - .< 

Indium-Ill Chloride m y  be useful for loft tissue t u r n  locolizotion, 

At this rtoge,indicotiom fu use ore mder investlgDtion ond cr i t ical  r e p t i  of potential 
ut i l i ty  beyond those listed obove ore opporing with greater frequency in the medico1 
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TOXICITY. tndium k r  on I.V. LD in m t i  d 4.1 mg/Kg (I). The maximum rccom- 
mended d m  d approximately 5 md$f  carrier-free indium correspondi to I2 namgmmr 
of material. 

In D long t e n  i t d y  on i n d i m ,  Uher ,  et 01 (41, found that rots which received 670 rs/ 
Kg of indiw hawed loss of weight m d  o decrease in b l w d  total protein ond olkolim 
phosphate levels. Howcvcr, he &served no significant physiologicnl, biochemical or 
h i r t q t h o l a g i c  chongo in rat, 6 months oftcr the injection of up to 67 p$Kg of indium, 
far m e  then 30 thousand timer the single &e of indium wed in routine imaging pro- 
cedures. 

CLINICAL STUDIES. Goodwin, et 01 (51, used Indim-Ill for lymph node uiswlhot ion.  
They concluded that this technique r h w l d  offer o simple clinicol method of studyin# 
qwnt i tot ively the kinetics of lymph flow, notably from rubcutoneous l i ter  but olro from 
various organs rvsh os the thyroid gland and liver. 
for the study of o t h r  slow biological events such os radioisotope cirternogmphy with the 
A w r  gamma CDIIKI~. 

Hunter (6) found that Indium-Ill o p p o n d  b locolize in both benign and moligmnt 
t-. In addition, treated lesions were im& with Indium-Ill aver a period of 72 
h o w  and were indicated by reduced oct iv i ty c-wmnt with other s i t e s  of previous 
m l i g m n t  disease d i s h  demmtmted m r k c d  accretion. These f ind ings  suggest that 
lndi-Ill Chloride might provide pmcticol evalwt ian of drug or mdiotion theropy in  
cancer Wticnts. 

In i t ia l  findings supgost thot Indium-Ill Chloride con serve as a tracer of the cxchongc- 
oblc bo=-salt pool d d r q  the fire 24 how$ ofter injeqlion, thus Iodiz ing neoplastic 
disease which involves the skeleton (6). 

After 24 hwrs, I nd im- I l l  shored on affinity for b u n  marraw. Lilicn, et 01 (2) 
r rpa ted  that Indim-Ill o p p D n  to be the cwrent bone marrow imaging ogrnt of choice 
because i t  h s  not behove as a colloid, eliminotinp mony of the objections wised with 
currently ovoilablc og.ntr and i t s  i imi lor i ty to iron in disposition lrodr to  D more 
realistic picture of a c t w l  hematopictic rmrrow dirtributim. 

CONTRAINDICATION$: There are no currently known cmtroindicotionr to the YY of 
Indium-Ill Chloride for diagnostic imoging. 

WARNING: Pregnant and lactoting women should be exc1ud.d from studies. Care 
should be exercised in  the use OF this mdionuclide in  children under 18 years of OF. 

Rodiophormoceuticols should be used only by qw l i f i ed  physicians troirud in the use and 
sofc kndling of rodioirctopr.  These physicians must either be approved by the appro- 
priate Fedeml or Stote Agency authorized IO license the use of rodioirctcvr or conduct 
their inrcrtigotionr in institutions olreody licensed in  the use of rodioirotopes. 

PRECAUTIONS. Indium-Ill Chloride should be odminirtered intravenously ond slowly. 
Blood $hauld not be withdmwn into the syringe prior to injection, os i t  moy lead to 
the formotion of on in vitro colloid. 

Indim-Ill i, an ideo1 mdionuclide 

ADVERSE REACTIONS. To date M odverse reactions k v e  been cited in the cases 
reported in the medico1 l i t e m t d  or to New Englmd Nuclear. 

DOSIMfTRY. Current colculotioni on dorimety ore 01 follows: 
Toto1 Body 0.39 Radr/mCi 

Kidney 5.21 RoddmCi 

I .76 Rodr/mCi tivar 

Bladder 3.26 RoddmCi 

0.74 RoddmCi Gonads 

Morrow 3.60 Radr/mCi* 
(mn-penetmtingl 

Them results wil l  be updohd as additional &to becorn available. 

DOSAGE: Average dose of Indium-Ill i s  3 mCi, although I t  m y  r a w  from 0.03 lo  
a m i m u m  d 0.07 mCi/Kg, administored introvenausly. The maximun dol. of about 
5 mtl p r  patient w i l l  redvce imping tim because of higher photon yield. Pnllm- 
imry dok indicates tb t  a 48 hour wait prior to imaging i s  optimol. In many cases, 
i q i n p  at L i l y  intervals for periods up to 5 doyr may b. odviroble. 

HOW SUPPLIED: Indium-Ill Chloride in 0.05 N hydrochloric acid solution Is avail- 
able in  single dost viols conbining 3 di on the day bf calibration. I t  i s  sterile and 
m-py rcg rn i c .  

CAUTION: This product i r  for introvenow odministrotion only. 

Indium-Ill Lacay Fac ta  
T i m  from Time from 
Cnlibmtian Decoy Col ibration 

Factor (Hours1 (Haws) - 
-72 2.09 
-40 1.63 
-24 1.28 
-20 1.23 - 16 1.18 
-12 1.13 
- 8  1.09 
- 4  1.04 
- 0  1.00 

* Cdculotcd by Lil ien ond Grohom 12). 

4 
8 

12 
16 
20 
24 
48 
72 

Decay 

0.96 
0.92 
0.88 
0.85 
0.81 
0.78 
0.61 
0.48 

- 2 -  - 3 -  
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IN D I UM-I I I CHLORIDE 
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NAME: Indium4 I I Chloride for Intravenous Administration. 

DESCRIPTION: Indium-Ill Chloride in 0.05 N hydrochloric acid solution i s  avail- 

able i n  single dose vials containing 3 mCi. 

Carrier-free Indium-Ill , a cyclotron produced product, offers a favorable long-lived 

complement to Indium-113m with identical chemistry for the study of s l o w  biological 

processes when observations periods at 24-72 hours after administration are necessary. 

Indium-113m has a limited application to rapid physiological studies that can be 

imaged within a maximum of 4-8 hours because of i t s  short half-life ( I  .66 hours). 

Indium-Ill has very favorable physical decay characteristics for in  vivo studies. It 

decays by electron capture with a physical half-life of 2.82 days, emits no beta 

particles and has favorable gamma energies (173, 247 KeV) for use with imaging 

Wj equipment. 

Indium-Ill injected intravenously at acid pH binds quantitatively to transferrin, com- 

peting with Iron for the same binding sites. Reported average plasma disappearance 

half-life values range from 4-16 hours. Little i s  excreted (in one study 11% i n  urine 

and 4% in  feces by IO days) and i t s  tissue retention half-life i s  much larger than i t s  

physical half-life. 

According to L i l  ien (26A) transferrin-bound Indium i s  transported into erythroid pre- 

cursors in  a manner similar if not identical to Iron. Earlier preliminary work had 

demonstrated minimal tndium uptake by mature red cells and had further indicuted 

that once cell-associated' Indium appeared to be bound to heme. The similarities 

of Indium and Iron suggest that Indium i s  actually incorporated into the metalloporphyrin 

i n  the place of Iron. 
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There i s  no evidence in  the literature as noted by Lilien (15) to suggest that Indium-Ill 

injected at acid pH behaves as a colloid. Accumulation i n  marrow then, would depcnd 

upon blood flow. It i s  well known that alteration i n  hepatic or splenic blood flow pro- 

duces marked alteration in marrow colloid distribution and further that phagocytic and 

hematopoietic marrow further may not always parallel each other. 

INDICATIONS: Indium-Ill Chloride may be useful for soft tissue tumor localization, 

evaluation of radiation therapy, delayed brain scanning, visualization of the lymphatic 

system, blood pool scanning, and especially useful i n  visualizing bone marrow and 

other hematopoietic disorders. 

A t  this stage indications for use are under investigation and critical reports of potential 

ut i l i ty beyond those listed above are appearing with greater frequency i n  the medical 

I iterature. 

TOXICITY: Indium has an I.V. LD in  rats of 4.1 mg/Kg ( I ) .  The maximum recommended 

dose of  approximately 5 mCi of carrier-free Indium corresponds to 12 nanograms of material. 
50 

Rats which received 670 pS/Kg of Indium showed loss of weight and a decrease in blood 

total protein and alkaline phosphate levels. 

In a long term study on Indium, Usher, et  al (5), found no significant physiological, 

biochemical or histopatholgic changes in  rats 6 months after the injection of up to 

67 pg/Kg of Indium, far more than 30 thousand times the single dose of Indium used 

i n  routine imaging procedures. 

CLINICAL STUDIES: Goodwin, et a l  (19), used Indium-Ill for lymph node visualization. 

They concluded that t h i s  technique should offer a simple clinical method of studying 

quantitatively the kinetics of lymph flow, notably from subcutaneous site but also from 

various organs such as thyroid gland and liver. The radionuclide Indium-Ill i s  an ideal 

label for the study of other slow biological events such as radioisotope cisternography 

with the Anger gamma camera. 
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Hunter (20) found that Indium-Ill appeared to localize in both benign and malignant 

tumors. In addition, treated lesions were imaged with Indium-Ill over a period of 72 

hours and were indicated by reduced activity concurrent with other sites of previous 

malignant disease which demonstrated marked accretion. These findings suggest that 

Indium-Ill Chloride might provide practical evaluation of drug or radiation therapy i n  

cancer patients . 

Initial findings suggest that Indium-Ill Chloride can serve as a tracer of the exchange- 

able bone-salt pool during the f i rs t  24 hours after injection, thus localizing neoplastic 

disease which involves the skeleton (20). 

After 24 hours, Indium-Ill showed an affinity for bone marrow. Lilien, e t  01 (26A) 

reported that Indium-Ill appears to be the current bone marrow imaging agent of choice 

because it does not behave as a colloid, eliminating many of the objections raised with 

currently available agents and i t s  similarity to Iron in disposition leads to a more 

realistic picture of actual hematopoietic marrow distribution. 

WARNING: Pregnant and lactating women should be excluded from studies. 

Radiopharmaceuticals should be used only by qualified physicians trained in  the use and 

safe handling of radioisotopes. These physicians must either be approved by the appro- 

priate Federal or State Agency authorized to license the use of radioisotopes or conduct 

their investigations i n  institutions already licensed in  the use of radioisotopes. 

PRECAUTIONS: Indium-Ill Chloride should slowly be administered intravenously. 

Blood should not be withdrawn into the syringe prior to injection, as it may lead to 

the formation of an i n  vitro colloid. 

ADVERSE REACTIONS: To date, no adverse reactions have been cited in  the cases 

reported in the medical literature or to New England Nuclear 



DOSIMETRY: Current calculations on dosimetry are as follows: 

Total Body 0.39 RadqmCi 

Kidney 5.21 RaddmCi 

Liver I. 76 RadqmCi 

Bladder 3.26 RadqmCi 

Gonads 0.74 RaddmCi 

These results wi l l  be updated as additional data become available. 

DOSAGE: Average dose of Indium-Ill i s  3 mCi although i t  may range from 0.03 to 

a maximum of 0.07 mCi/Kg, administered intravenously. The maximum dose of about 

5 mCi per patient wi l l  reduce imaging time because of higher photon yield. Prelim- 

inary data indicates that a 48 hour wait prior to imaging i s  optimal. In many cases, 

imaging at daily intervals for periods up to 5 days may be available. 

HOW SUPPLIED: Indium-Ill Chloride in  0.05 N hydrochloric acid solution i s  avail- 

abet in  single dose vials with specific concentration of 3 mCi/l-l/2 ml on the day of 

ca I ibration . 
$4 

CAUTION: This product i s  for intravenous administration only. 



DECAY DATA (Standard Dosage) 

L/ Time from Spec if ic 
Calibration Concentration of 
(Hours) In-Ill (mc/ml) 

-72 
-48 
-24 
-20 - I6 - 12 
- 8  
- 4  
0 

4.08 
3.26 
2.56 
2.46 
2.35 
2.27 
2. I7 
2.07 
2.00 

Time from 
Calibration 
(Hours) 

4 
8 
12 
16 
20 
24 
48 
72 

Specific 
Concentration of 
In-III (mc/ml) 

I .92 
1.84 
I .76 
I .70 
I .62 
I .56 
I .22 
0.98 
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WASHINGTON. D.C. 20204 

IND 5489 

The Medical Division, oak Ridge Associated UnlveFsltles 
Attention: 
P. 0. Box 117 
oak Ridge, Tennessee 37830 

Gaild A. Andrew, M. D. 

Gentlemen : 

We acknowledge r ece ip t  of yaur Notice of C l s i m e d  I n v e s t l g a t i o d  E=xcjnptiOn 
f o r  a New Drug mbmltted plrsusnt t o  sec t ion  505(1) of the Federal Food, 
Drug, d Cometic Act for the following: 

Sponsor: The Medical Division, oak Rid& Associated Universi t ies  

Date of notice: February 4, 1969 

Date of receipt :  February 11, 1969 

Please i den t i fy  a l l  fu ture  ccnnmrnicstions concening this Notice with 
the IM) number 8 h m  above. 

AU submissions should be forwaxded In triplicate. 

As sponsor of the c l i n i c a l  study proposed i n  tu8 o r a p t i o n ,  you are 
now free to ob-n supplies of t h e  inves t iga t iona l  drug and t o  initiate 
c l i n i c a l  studies. 
information you have furnished, you Kill be no t i f i ed  and inv i ted  t o  make 
corrections.  

If deficiencierr are found during our review of t h e  

The use of the assigned IND number may a s e l s t  you i n  obtaining shipnent 
of the  drug f r an  your suppl ier  o r  i n  clearing impoFt shipncnts through 
U.S. custans. 

The I n t e r s t a t e  d i s t r ibu t ion  of this drvg for investigational use is 
subject  t o  all of the  appl icable  provisions of the Act anb regUhtiOne. 



This lncludeo the imnediate report- of any m n g  reaction i n  either 
animl or )nm#n studies and eubmisoion of progress reports at Intervals 
not to exceed one year. A copy of the Inverrtlgational Drug ReguZatlona 
I s  enclosed for your Information. 

Sincerely yours, 

Act ing  Director 
Division of Oncology and 
Radi o m  eutlcalrr 
Office of New Dnqs 
Bureau of Medicine 

Enclosure 



DEPARTMENT OF HEALTH. EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 

CONSUMER PROTECTION AND ENVIRONMENTAL HEALTH SERVICE u 
WASHINGTON. D C 7.0204 

FOOD AND DRUG ADMINISTRATION 

IND: 5489 

The Medical Dlvirion, Oak Ridge A8rociated Uaivercit ies 
P.O. Box 117 
Oak Ridge, Tennerree 37830 

Attention: Could A. Andrew#, M.D. 

Gentlemen: 

Reference io made t o  your Notice of Chi-d Inver t iga t ioru l  
Exenption for  a N e w  DNg for  Gal l i r r r67  Citrate, IND 5489 

We a b 0  acltnovledge your coPunica t ion  dated April 3, 1969, 
u v n d i q  the  Notice. 

JUL 2 8  869 

Any data avai lable  (Le. repr in t r )  t o  rupport the  ra fe ty  Of 
gallium citrate and explain i t s  metabo1irr rhould be rubmitted 
f o r  iacorporation in to  the  RtD. 
animal8 nov i n  progrer. would a l r o  be usefu l  t o  c r t a b l i r h  the r a fe ty  
of the propored humn trial#. 

Reportr on the tumor r tud ie r  i n  

The Notice i r  uwat i r fac tor l ,  La that it  f a i l #  t o  contain a f u l l  
rtatement of tde colponentr and quaa t i ta t ive  comporition of t he  
drug and adequate information concerning the  wthodr  ured in the  
ryntherl.r, extract ion,  i so la t ion ,  or pu r i f i ca t ion  of the  new drug 
rubstance t o  determine i ts  ident i ty ,  r t reagth,  qua l i ty  and purity.  

The Notice i r  uara t i r fac tory  la  that i t  f a i l 8  t o  Contain complete 
information on the  method#, facil i t icr ,  and cont ro l r  used for the 
vnufac tur ing ,  procerring, and packing of t he  new drug t o  e s t a b l i r h  
and maintain appropriate standards of i den t i ty ,  r t rength,  qua l i ty ,  
and pur i ty  88 needed f o r  ra fe ty  and t o  give s ignif icance t o  c l i n i c a l  
investigation8 made with the  drug. 



Included In whatever Information you rubmlt pertaining t o  the  two 
paragraph8 above, you should ~~~t a dercr lpt lon of how the Isotope 
i r  made and a180 a statement of the t o t a l  gallium In  the  f i n a l  dosage 
form and porribly l imit6 of acceptance f o r t h i r  area. 

Your p r o q t  a t t en t ion  t o  t h f s  matter I s  requested In order tha t  your 
Notice may be In conformity with the provl8lons of 8ectlon 130.3 of 
the New Drug Regulations. 

Sincerely yours, 

Raymond E. Barzilal, M.D. 
Act lug Dlrcc t o r  
Mvlslon of Oncology and 

Office of New br-8 
Bureau of Medicine 

Radlophamraceut i ca l e  

The reference to the communication dated April 3, 19rb9, amending the 
notice has to do with a special submission (not included here) providing 
that some doses of gallium-67 prepared for administration oould be 
shipped to Donner Laboratory for studies employing their special scanning 
equipment. 
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, OAK RIDGE ASSOCIATED UNIVERSITIES 
INC0RK)RATED 

P. 0. BOX I11 
OAK RIDGE, TENNESSEE 37830 

October 20, 1969 

Dr. Raymond E. Barzilai 
Director, 
Division of Oncology and Radiopharmaceutical8 
Office of New Drugs, Bureau of Medicine 
Consumer Protection and Environmental Service 
Public Health Service 
Department of Health, Education, and Welfare 
Washington, D. C. 20204 

Dear Doctor Barzilai: 

In accordance with your letter of July 1969 concern- 
ing our IND 5489 we are submitting the following 
supplementary material: 

1. Copies of articles from the literature 
concerning the toxicity and metabolism 
of gallium in both animals and humans. 

2. Reprints of our recent publications con- 
cerning gallium distribution in and inter- 
action with mammalian tissue. 

3. A copy of a manuscript on the localization 
of gallium-67 in ra t  and mouse tumors that 
we have submitted for publication. 

W e  trust that th i s  material will satisfy your request for 
additional information a s  outlined in the third paragraph of 
your letter. 

To overcome the objections to our application noted in 
paragraphs four and five of your letter, we are submitting 
herewith revised versions of sections 4 and 5 in Fonn FD-1571. 
These should be substituted for sections 4 and 5 in our original 
Notice of Clinical Investigational Exemption for Gallium-67 

AREA CODE U S  
TZLePHONE UIUI I 

l O b 0 b 2 8  
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Dr. Barzilai - 2- October 20, 1969 

citrate. You will note that details a re  included on the p r e p a r  
ation of gallium-67 and the amount of stable gallium present 
in patient doses of gallium-67 citrate a8 called for in paragraph 
six of your letter. 

May we hope that this further information will place our 
Notice (INP-5489) in conformity with regulatione. 

Sincerely yours, 

Gould A. Andrews, M.D. 
Chairman, 
Tbe Medical Divisim 

Enclosures: 

Supplementary Material I. Papers on the toxicity and 
metabolism of gallium in animals and humans. 

Supplementary Material II. Recent reprints on gallium 
tissue distribution and its interaction with mammalian 
tissue. 

Supplementary Material XII. Manuscript on localization 
of gallium-67 in rat  and mouse tumors. 

Amendment to FDA Form FD-1571 for IND-5489. 

4 

l048b29 W 
4 



IND-5489 Supplementary Material 1. 

02:s obi  the tgxicity and metabolisa of gallium in animals and humans. 

; I .  C. Dudley and Yilton D. Levlne. Stuuieo of the toxic action of gallium. 
J Phnrrncol Exp Therap 95:487-492, 1949. 

H. C. Dudley, et al. 
Tlrcrap 96:135-138, 1949. 

Studies of the metabolism of gallium. J Pharmacol Exp 

H. C. Dudley, et al. Studies of the metabolism of gallium. 11. J Pharmacol 
Exp Therap 98:105-110, 1950. 

H. C. Dudley, et al. Studies of the toxic action of gallium. 11. J Pharmacol 
E x p  Therap 98:409-417, 1950. 

W. C.PIulry and H. C. Dudley. Studies of radiogallium as a diagnostic agent in 
bone t u m o r s .  J Lab Clin Med 37:239-252, 1951. 

Frederick R. Lang. A study of the use of radioactive gallium in medicine. 
Ann Int ?led 35:1237-1249, 1951. 

E .  R. King, c t  al. A preliminary report on the use of in clinical 
tracer studies. Radiology 59:844-847, 1952. 

1°C. Dudley and H. H, Marrer. Studies of the metabolism of gallium. 111. 
P~>position in and clearance from bone. J Pharmacol Exp Therap 106:129-134, 
1 9 ~ 2 .  

E. R. King, et al. Therapeutic trials of radiogallium (Ga72). Arch Int Hed 
785-789, 1952. 

Marshall Brucer and Others. A study of g a l l i ~ m ’ ~ .  KadT8logy - .  61:534-613, 1953. 
IV. Toxicity of gallium citrate in dogs and rats. H. D. Bruner, B. Y .  Cooper, 
D. J. Rehbock, 550-555. 

V .  Distribution studies on gallium72 in rats. H. D. Bruner, J.D. Perkinson, J 
E. R. King, G. A .  Andrewe, J.B. Nash, and E. Brucer. 555-570. 

VI. Clinical studies with gallium72. G. A. Andrews, S. W. Root, and 
H. D. Kerman. 570-588. 

rP d - 1’11. Studies of the urinary excretion of g a l l i ~ m ’ ~  in man. H. D. Bruner 
5 4  J .  Gray, S. W .  Root, and M. Brucer. 588-590. SI. 
> 01 - r? - VIII. Autopsy studies of distribution of gallium’*. M. Btucer, L 2 8  G. A .  Andrews, D. J. Rehbock, S. W. Root, and J Gray. 590-595. 

4: 0 2  C. A. Andrews, and M. Brucer. 5 9 5 - 6 0 1 .  &’ 
.T J. D. Petkinson, Jr. 602-613. 

-I 

u 4 

I X .  Autoradiographic studies. J. C. Gallimore, Jr., C. A .  Boyd, 
f ‘  - 2  . t -  ? Z  0’ I 

(4 X .  Preliminary data on gallium67. E. D. Bruner, R. L. Hayes, and 

4 
0 

tO48b.30 



IND-5489 Supplementary Material XI. 

Recent reprints on gallium tissue distribution and its interaction with 
mammalian tissue. 

L/ 

IND-5489 Supplementary Material 111 

Manuscript on localization of gallium-67 in rat and mouse tumors. 

R. L. Hayes ,  et al. Bone scanning with gallium-68: A carrier effect. 
J Nucl Med 6:605-610, 1965.. 

C. L. Edwards and R. L.Hayes. Tumor scanning with 67Ga citrate. J Nucl Ned 
10~103-105, 1969. 

R. E. Hartman and R. L. Hayee. The binding of gallium by b l o o d  serum.' 
J Phdrmacol Exp Therap 168:193-198, 1969. 

R. M. Kniseley, et al. Bone-marrow and skeletal scanning. Radiologic 
Clinics of North America 7:265-280, 1969. 

R. L. Hayes. Radioisotopes of gallium. IN Radioactive Pharmaceuticals, 
C. A .  Andrews, R. M. Kniseley, and H. N. Wagner, Jr., Eds. AEC Symposium 
Series No. 6, CONF-65llll;pp 603-618. 
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IND-5489 

Amendment to FDA Form FD-1571 for IND-5489 

October 13, 1969 

The following two sections should b e  substituted for 
Sections 4 and 5 of Form FD-1571. 

4. Gallium-67 is the only new drug substance in the 
preparation. It is obtained from O a k  Ridge National 
Laboratory (ORNL), Oak Ridge, Tennessee. They list 
the following product specifications: "Half-life: 78 hr; 
Production method: 6eZn(pr2n)67Ga; Chemical form: GaC13 
in dilute HC1; Concentration: %3 mCi/ml; Specific 
Activity: no added gallium carrier; Purity: >99% 
exclusive of 66Ga. " 

T h e  following details have been supplied b ORNL 
concerning their production and purification of {'Go: 
"Zinc cyclotron targets are fabricated in the form of 

w . t u b e s  by extrusion using 99.99% pure natural zinc metal. 
After bombardment the center section (%lo g) is cut from 
the zinc tube and dissolved in 5 N HC1. Titanous chlorida 
solution (20%) is added dropwise ( 5  to 10 drops) t o  the 
acid solution of zinc until a permanent blue color is 
obtained (to insure a 2+ oxidation state of any iron 
present) and the gallium is extracted into three separate 
portions of 4-methyl-2-pentanone preequilibrated with 
5 N HC1. The combined organic fractions are then washed 
three times with 6 N H C 1  (preequilibrated with organic 
phase) to remove the zinc either extracted by the organic 
solvent or dissolved in the acid and present in the 
organic phase. w e  gallium is stripped from the organic 
phase by shaking it with three separate portions of water. 
The combined aqueous phase containing the gallium is 
reduced in volume to about 5 m l  and charged to a washed 
Bio-Rad AG-1 X Z  (Bio-Rad Laboratories, Richmond, California) 
anion exchange column in the chloride form. Gallium is 
eluted from the column with 2 N HC1, while any trace of 
zinc is retained by the resin. 

, 

All of the radioactivity determinations are performed 
by the method described by Heath (Scintillation Spectrometry, 
2nd ed., Vol. 1, USAEC Report IDO-16880-1, Idaho Operation8 
Office, August 1964) using a 9.3-cm iource distance from a 
calibrated 3x3-in. NaI(T1) cryrtal detector coupled with a 

u multichanaal analyzer. 

>. 
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.be surveyed for any radioisotopic contaminants other than 
66Ga. Doses will not be prepared for human use until the / 

66Ga level is less than 1X of the 67Ga content on a disinte- 
gration basis. A s  a further safeguard, each dose w i l l  b e  
assayed for radioactivity content by the O R A U  Radiation 

The 67Ga is assayed using the 0.296 MeV photon' ( 2 2  
photons per 100 nuclear transformations). T h e  contribution 
to the peak area from the 0.511 MeV annihilation photons of 
66Ga is substracted using a 22Na (8+ )  source. T h e  66Ca is 
assayed using the 0.511 MeV annihilation photon (114 photons 
per 100 nuclear transformations). 

The purity of the gallium product is ascertained by 
examining the gamma spectrum using a 21-cm3 active volume 
Ge(L1) detector coupled with a 4096-channel analyzer." 

Because of its modest half-life (78 hr), the actual 
weight of gallium due to the presence of 67Ga in this 
preparation will be negligible. O n  the other hand, in the 
process of chemical separation, any stable gallium present 
as a trace contaminant in the zinc target will of necessity 
be separated with the 67Ga. Since the zinc used is 99.99X 
pure the maximum gallium contamination resulting from 
processing the bombarded zinc (10 g) would be approximately 
1 mg. Assay by ORNL of the zinc used indicates a gallium 
contamination of only 1 0  parts per million thus limiting the 
amount of gallium present in the processed solution to 0.1 mg. 
The resulting concentration in the final preparation supplied 
by ORNL is thus approximately 4 vg/ml (25 m l  batch volume). 
In actual practice the normal 67Ga preparation for each patient 
will contain only approximately 10 ug (%2.5 m l  per patient dorc). 
In view of the clinical experience detailed in the attached 
reprints (particularly reports of diagnostic use) it i s  
considered that the administration of even the total amount - 
o f  stable gallium present in any one batch (0.1 mg  to 1.0 mg ' 

maximum) to a 70-kg human would be innocuous. 

I Although all doses will be terminally sterilized by 
microfiltration, each batch (%25 ml) will on receipt be 
filtered through a sterile 0.22-micron Millipore Swinex-25 
filter (#SXGSO25OS, Millipore Corporation, Bedford, Massachusetts) 
into a sterile multientry vial. This vial will be labeled so 
as to identify the isotope, ORNL batch number, date, and 
radloaaeay of both 67Ga and 66Ga. T h i 6  information will also 
be entered into a master log book on a separate page. Calculated u volumes of 67Ca rolution for individual d o s e s  w i l l  b e  removed 

h 4 8 b 3 3  
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using a sterile disposable syringe and hypodermic needle; 
the name of the patient, patient number, date, and volume 
removed will be recorded in the master log book on the page 
for that particular batch. In addition, non-radioisotopic 
ingredients in the final dose will also be recorded. 

Each batch of 67Ga will be tested on receipt for 
pyrogenicity using standard United States Pharmacopeia 
techniques (Seventeenth revision, 1965, p. 863). Preparation 
of all 67Ga doses will be carried out in a recirculating 
laminar-flow clean-box (Abbott Clean Air Center, Model HR) 
equipped with a n  ultraviolet light for surface sterilization 
of equipment and containers. Except for a pH meter 
combination-electrode (Corning #476050, or equal) all 
glassware and equipment coming in contact with the 
preparation will be cleaned, packaged, and sterilized 
(autoclaved) between uses. The stem of the electrode 
will be stored in an aqueous 0.9% benzyl alcohol solution 
and will be repeatedly rinsed in sterile pyrogen-free 
distilled water just before use. Mock doses will be 
periodically prepared and teated for sterility and pyro- 
genicity. Doses will be routinely made up in excess so 
that 10% of the preparation can be held back for testing 
should there be any question of patient reaction to the 

J dose. 

The dose for each patient will be prepared individually 
as follows: A magnetically stirred (teflon-coated stirring 
bar) aqueous mixture of the required amounts of 6 7 C a  (5 m C 1  - 
is usually less than 2 . 5  ml) and sterile pyrogen-free 4% 
sodium citrate solution (Baxter Laboratories, Morton Grove, 
Illinois, or equal) I s  brought to pH of 7.0 t 0.2 by adding 
1 N sodium hydroxide (prepared from reagent grade NaOH and 
sterile pyrogen-free distilled water) using the combination- 
electrode and pH meter. The resulting solution is drawn 
into a sterile pyrogen-free, disposable syringe (Becton- 
Dickinson and Co., Rutherford, New Jersey, or equal) using 
a sterile pyrogen-free disposable 3-way stopcock and tubing 
assembly (82C0481, Travenol Laboratories, Morton Grove, 
Illinois, or equal) and filtered through a n  attached sterile 
disposable 0.22-micron Millipore Swinex-25 filter into a 
partially emptied 150-ml bottle of sterile, pyrogen-free 
0.9% sodium chloride (114124, Abbott Laboratories, North Chicago, 
Illinois, or equal) containing oufficient retained saline to 
make t h e  final volume approximately 1 0 0  ml. The dose b o t t l e  
will then be sealed with the original cap and the filter 
assembly bubble tested to check for leakage. The saline 
bottle will have been stored in the laminar-flow clean-box 
and uncapped just before filtration. T h e  operator w i l l  wear 
sterile glove6 during the entire preparation procedure. 

I 

I 

W 
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A label identifying the preparation as to isotope, 
patient name, patient number, total volume, and assay w i l l  
b e  attached to the container and the dose released to the 
Radiation Safety Office for transport to the administration 
site. There a final check of the doee will b e  made ueing 
a calibrated ionization chamber. A l l  dosee will be 
administered within one hour after preparation; if a longer 
waiting period is anticipated the preparation will be auto- 
claved. Doses will be administered to patients by slow 
intravenoue infusion using disposable venoc$yeis seer 
(Abbott 14622 and 14613, or equal). 

u 
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New England Nuclear 

67Ga CITRATE IND-8377 

INFORMATION FOR INVESTIGATORS 

PHASE 111 

INDICATIONS FOR USE: 

material available to date outlines the major uses for gallium-67 

citrate as a tumor imaging agent. 

poorly known at present and many investigators are actively exploring 

the use of the radionuclide, 

The attached sheet summarizing the informational 

The mechanism of localization is 

attachment . 
administered 

La 
It should be noted that a significant portion of the 

dose i s  excreted via the feces and laxatives should be 

prescribed, not only to avoid interference in imaging abdominal areas, 

but also to lower the internal absorbed radiation dose to this area of 

the body. 

GOVERNMENT REGULATIONS: The medical use of gallium-67 citrate is 

regulated by the Food and Drug Administration. It is necessary that 

each investigator maintain careful records for every patient receiving 

the drug. New England Nuclear is responsible for monitoring and 

retaining copies of this information for ultimate submission to the 

FDA. 

investigator and must be completed to account for each administered 

dose. These forms must be forwarded as they are completed to New 

Copies of simplified case report forms will be supplied to each 

I O 4 8 b 3 b  
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Name 7 Gallium-67, as the citrate, for intravenous administration. 

Description - Gallium-67 citrate is supplied in isotonic solution 
as a sterile, non-pyrogenic radiopharmaceutical. It is cyclotron 

produced by the proton irradiation of enriched zinc oxide and is 

essentially carrier free. 

in early product lots have been 

than 0.05%). 

The only radionuclidic impurities seen 
66 65 Ga (less than 1%) and Zn (less 

67Ga decays by electron capture, emitting several gama rays of 

moderate energy, suitable for camera imaging and rectilinear 

scanning. The moderately short half-life (78 hours) is sufficiently 

long to allow widespread distribution from a central manufacturing 

f ac ilit y . 

Actions (Clinical Pharmacology) - Carrier-free gallium-67 is 
presently under intensive investigation to determine the scope 

of utility in tumor imaging. The radionuclide appears to con- 

centrate mainly in viable rather than necrotic tumor areas. The 

basic process appears to be binding, either to protein inside 

the tumor, or to a carrier that in turn concentrates there (l), 

but the precise mechanism of tumor concentration is not completely 

understood. It has been theorized that the bone seeking properties 

of gallium-67 are due to exchange for calcium in newly formed 

bone crystal (2). 



. -  
-5- 

centrate in human breast milk (12). 

W 

F. Warnings - As with most radiological procedures, the physician 
must weigh the relative value of the information to be obtained 

against the potential radiation damage to the fetus in pregnant 

women, to lactating women, or to children. 

Radiopharmaceuticals should be used only by qualified physicians 

trained in the use and safe handling of radioisotopes. These 

physicians must either be approved by the appropriate Federal 

or State agency authorized to license the use of radioisotopes 

or conduct their investigations in institutions already licensed 

in the use of radioisotopes. 
i /  

Go Precautions - Gallium-67 citrate should be administered intra- 
venously, either directly or as part of a slow infusion diluted 

with isotonic saline, 

Approximately 10% of the administered dose may be excreted via 

the feces over the first few days. In order to allow scanning 

in the abdominal area, a laxative should be administered on the 

day of dosing and continued daily until scans are completed, 

may be desirable to administer an enema just prior to scanning 

in order to rid the bowel of radioactivity, 

It 
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Langhammer, et a1 (lo), have reported on 194 scans and found 

the highest incidence of positive gallium-67 accumulation in the 

RES diseases, in carcinomas of the bronchus, thyroid, and stomach, 
u 

and in the demonstration of metastases. In some untreated cate- 

gories, a high percentage of positive scintigraphic findings 

were reported. As a final example Winchell and his co-workers 

(11) summarized their results with 18 patients and suggested that 

gallium-67, among other carrier free chelated radionuclides, 

would prove effective in both the diagnosis of and, anatomical 

distribution of malignant neoplasms in humans. 

KO How Supplied - Gallium-67 is supplied as the citrate complex in 
saline solution at from 0.5 to 5 mCi/ml in 10 ml multidose vials. 

W 
The formulation contains 2 mg of sodium citrate per milliliter 

and sufficient sodium chloride to assure isotonicity. 

is controlled to 4.5-7.5 and the formulation certified sterile 

and pyrogen- f ree . 

The pH 

1 O 4 8 b 3 4  
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL Dr* C* Lowell Edwards Proposal NO. 74-13 

67Ga-citrate for tumor imaging. Activities ranging from 1.5 
to 5.0 millicuries will normally be administered. 
is used under an IND with FDA. 
Nuclear is attached. 

This radiopharmaceutical 
A package insert supplied by New England 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 

v 

! 

'1 . 

Radiopharmaceutfcal-/may not be administered to pregnant patient. 
Other: R a d i o p h a ~ c e u t i c r l  to be administered in accordance with ~ a c k r g i  

insert  suppl i ed  with the radiopharrraccutical. Physiciam r~ay z o t  6 
o h i n € s t e r  Core than twice t he  nomally r e e m e n d e d  a c t i d e - .  . -  
without s p t c i f  ic approval of the  Medical Radionuclide C d t t a r - - *  - 1' 

4: 

' t 0 The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier 

C. L. Edwards t P7d5y I 
1 

R. L. Hayes 

C. C. Lushbaugh 

Acknowledgement of Submitter & g&kddJ Date G - d J  5y 

'r 
.v 

Proposal */does not require approval of Committee on Human Studies. 

Human Studies approval granted on 

1048b4l 
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GALLIUM87 CITRATE 
DESCRIPTION 
Galhum67 Citrate is supplied in isotonic solution as a sterile. 
non-pyrogenic radiopharmaceutical The aqueous SOIutiOn 
contains 3mCi 67Gacitrate per 1 5ml. adjusted to PH 4 5-7 5 
and made isotonic with sodium chloride I t  is cyclotron 
produced by the proton irradiation of enriched zinc oxlde 
and i s  essentially carrier free The only radionuclidic ompurl. 
ties seen in early product lots have been 66Ga (less than 1%) 
and 65Zn (Ies; than 0 05%). 

67Ga decays be alectronlc capture, emitting several gamm 
rays of moderate energy, suitable for camera imaging and 
rectilinear scanning. The moderately short half life (78 hours) 
is sufficiently long ro allow widespread distrrbulton from a 
central manufacturing facility. 

I 
ACTIONS 
Carrier free gallium67 is presently under intensive investiga- 
tlon to determine the rcopc of ut'lity in tumor imagiq The 
radionuclide appears to conmntrete mainly in vtable rather 
than necrotic tumor areas The basic process eppsars to be 
binding. either to protein inrtde the tumor, or 10 a cirrier 
that in turn concentrates there (1). but the prcctre mechanism 
of tumor concentration IS not completely understood I t  has 
been theortred that the bone seeking properties of g.llium67 
are due to exchanw for calcium in newly formed bone crystal 
(2) Recent ,nvestIjpgionr b v e  pointed to the accumulation 

I 

of 67Ga in the lyksomes of white blood wlls 1131. 

Gallium i s  excreted relatively slowly from the body. The 
average whole body retention is  65% aftpr 7 days. with 26% 
bung excreted in the urine and 9% in thb stool8 (3). The 
dosimetry of gallium i$otWOs has been discussed by a few 
authors (4.5). The whole body dose is  approximately 0.18- 
0.34Rads/mCi. It has been noted, however, that the variable 
uptake within the body combined with the relative contribu. 
tion from internal conversion and Auger electrons makes 
precise dosimetric evaluationdiff icult 16). 

INDICATIONS 
Imaging with radioactive gallium67 appears to be utcful in 
the staging of Hoflgkin's disease. The isotope dws not localile 
in malignancies in general but rather in tumors Of Specific 
wllular types. A relatively high perwntqe of positive s u n s  
have been seen with reticulum cell urcoma, lymphoblastom 
and squamous cell carcinoma of the l u q  (7). These m e  
authors found false negative scans in cases of carcinoma of 
the ovary, c Ion. pancreas, and a variety of other malignancies. 
In addition 87Ga may be particularly useful in de l inu t iq  
inflammatory promsrs and infections. In addition. pneumonia 
and tuberculosis m y  also be visualized. 

At this stage, indications for use are under very intensive 
investigation and critical reports of the potential utility 
beyond those listed above are appearing with great frequency 
in the mcdical literature. 

* I  CONTRAINDICATIONS 1 :.'a , 

To our knowledge, the only contraindiUttioA is  restrkiion in 
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nursing women as gallium has been shown to concentrate in 
human breast milk (121 

WARNINGS 
As with moil radiological procedures. the physician must 
weigh the relative value of the information to be obtained 
against the potential radiation damage lo the fetus in prep 
nant women, to lactating women, or to children 

Rad~opharmaceuticals should be used only by qualified 
physicians trained in the use and safe handling of radioisotopes. 
These physicians must either be approved by the appropriate 
Federal or State agency authorized to license the use of 
radioisotopes or conduct their investigations in institutions 
already licensed in the use of radioirotwas 

PRECAUTIONS 
GalliumS7 c~trate should be admmistered intravenously 
either directly or as part of a slow infusion diluted with 
lsotonic saline 
APProximatelv 10% of the administered dors may be 
excreted via the feces over the first few days In order to 
allow scanning in the abdominal area, a Iaxatw? should be 
administered on the day of dosing and continued daily until 
scans are completed It may be desirable to administer an 
enema lust prior to scanning in order to rid the bowel of 
radioactivity 

ADVERSE REACTIONS 
None have been cited in the cases reported in the medical 
literature 

DOSAGE 
Averspe doses of gallium67 haw ranged from 0.03 to 0.07 
mCi/kg, administered intravenously. The higher dose of 
about 5mCi per patient will redues runninp time because of 
hlgher photon yield. Preliminary data indicates that a 48 
hour wait prior to scanning is  optimal. In msny cases. scans 
at later wriods (72 hours up to 5 days1 may be veluabls. 

CLINICAL STUDIES 
In 1969, Edwards and Hayes published a paper showing 
uptake of carrier frae 67Ga citrate in certain soft rissw 
tumors (81. Since this report, laboratories throughout the 
world have begun intensive studies into the diagnostic utility 
of this radionucl&. To select some reports, Edwards and his 
coworkers summarized rasults with 78 patients with at least 
20 different neoplasms (11 and showed that the poorly differ- 
entiated lymphomas. reticulum cell rarcomas and lympho- 
blastic lymphwrcomas concentrated the gallium consistently. 
I n  addition, concentration was observed in squamous cell 
carcinomas, some adenocarcinomas, and in Hodgkin's disease. 
By the following year, a total of 165 doses had been adminis- 
tered 10 116 patients by this same Oak Ridge group 191 and 
the data refined to show that almough gallium is extremely 
useful in tumor diagnosis, it does not localize in malignancies 
in general but rather in specific histological t y p e s .  

Langhammer. et al  (101, have reported on 194 scansand 
found the highest incidence of positive gallium67 accumula- 
tion in the RES diseases, in carcinoms of the bronchus, 
thyroid, and stomach, and in the demonstration of metestares 
In m e  untreated categorias. a high percentage of positive 

1048b43 
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groups diff icult 

DOSIMETRY 
67Ga decays with a physical half4ife of 78 hours The 
principle gamma emissions are 93 KeV (40%). 184 KeV 
124%). 296 KeV /22%1, 388 KeV (7%) Characteristic x-rays 
ot zinc are also emitted 

Cloutier’s Values. NEN Valuer 
RadslmCi RadrlmCi 

Whole Body 0 27 0.23 
Skeleton 0 46 0 44 
Liver 0 52 0.53 
Gonads - 0 22 
Sone Marrow 0 56 - 
Spleen 0 59 - 
Kidney 0 48 - 
’The radiogallium distribution and retention in W.TIOUS organs 
of the body has been described by Dr Cloutier and his 
associates (41 in their dosimetry aIcuIa1ions 

DECAY DATA 
Time from Specific Concentration 

calibratton Ihourr) 67GalmC~/ml) 
-72 3.81 
-48 3.07 
-24 2.48 
-16 2.31 
-8 2.14 
0 2.00 
8 1.86 

16 1.73 
24 1.61 
48 1.30 
72 1.05 

HOW SUPPLIED 
Gallium47 citrate i s  supplied sterile and non-pyropenic in 
containsir for intravenous use. Each ml contains 2mCi of 
galjium47 on the alibralion date. 2- sodium citrate. and 
6 . 8 ~  of sodium chloride. The pH is adjusted 10 between 
45-7.5 with either hydrochloric acid or sodium hydroxide 
solution. Benzyl alcohol 0.9% is added as a preservative. 
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1. N ~ ~ o I  gallium-67 citt8t0 

Rout. of Administr8tion: intravenous 

2. The preparatlon will contain the following components: 

(a) Trfvrlont gallium-67 (“Ca) 

(b) Sodium cltrhte 

(e) Sodium chloride 

(d) Water 

3. Quaatitative composition (per dose): 

(a) 

(b) Sodium citrate: 7 rg/kg body weight 

(e) Sodium chloride: approximately 900 iag 

(d) Wator: sufficient to bring f i n a l  volume to 100 a1 

Trivalent “Ga (half l i f e  t8,hr): up to 5 aCi/7O kg 
\ -1 

\ body wight , 
I J 

w 

If FrecXlnical studies (animal tumors) nov in P T O ~ ~ C S S  
indicato an rdvrntsgeour effect, the sodlun Citr8tO dosage 
might reasoaab1y be increased to 8 l e v e l  of 20 ng/kg body weight. 
I f ,  on the other hand, thcto studies indicate that lowering the 
cltrato dosage below tho proposed 7 q / k g  does not adversely 
offect tumor loc.li88tion, the preparation will be adjusted 
accordin~ly. 

. 

4 

1. Calliua-67 is  tho only neu drug rubrtnnco in t h e  prsparr- 
tion. It 1s produced by proton bombardment of tine at the @ak 
Ridge National L8boratory (ORNL), Oak Rlc‘go, Tennossee, and 1s 
supplied to this Installation a# I: dllute (cO.lN) l!Cl solution 
of carrier-free (’Ca free of zinc 8nd spectrametrically 
pure excopt for small rmounts of galllua-66. 

5. Tho initfrl radioarray providod by OXNL 911 be checked 
upon receipt of each batch of G7Ca, and the 7gCh ( h a l f  l l f o  
9 h i )  content o f  each batch wlll b e  dotorninad rpectranetricrlly. 
Doses will not bo pre arsd for human use untfl the ‘%a level i8 

As 
a further safeguard oach dose will be assayad f a t  r8dloactivity 
content by tho OfuU Radiation S8fety O f f i c o  prior to it8 baing 
gtron. 

, 

less than 1% of the r C 8  content on a disintegration barir. 
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Although n f l  doscs nrc terminally rtatllited ky 
microfiltration, asch batch upon receipt vifl bo filtered 
through 6.22 Eicron sterile Nillfporo filter into starlla 
multientry v t r l .  Voluner of C7Ga solution for individual 
dcrer  w i l l  he  removed using a rtcrrfle disposrbla syrinso 
and hypodermic ncedlo. 

rach batch of "Ca will be t o s t c d  upon roccipt for 
pyrogenicity using stnndrrd United States PliarffaCOpCia 
tochniq~er. 
out in recirculstlnl-, lrnlnar flow c l a m  box (hb5ott Clean 
Air Center, Model )!R). Except for a pll nctor combination 
electrode (Carning r4760SO) all re-used glassware and 
equlpcrcnt coming in contact with tho prepststion wilt ba 

' c l e a n e d ,  p a c h y c d ,  ond r t ~ r l t i r o d  (autoclaved) bctuaen . 
uses. Tho stem of tho electrode vi11 he stored in an 
aqueous 0 . 9 t  bcnryl alcohol solution. It will be rcpoatedly 
r i n s e d  in sterile pyrogen-free distilled water  jus t  prior t o  
Uso. 
for r t c t i f i t y  and pyrogenicity. 
ardo up in excoss so t h a t  101 of tho preparation can be he ld  
b8Ck for trrtlng should thoro be any question o f  8 pyrogonlc 
h a c  t ion . 

Yrcpration of all r7Ca doses will be carried 

Mock doscs will be periodically prepared and tested 
Doses will be routlnsly 

t h e  doro for each patient vi11 bo prepared indivfdurlly 
AS fO1~OwS: A 88gflCtiC811y Stirred 8qUCOUl nfXtUre Of tho 
eo utrcd m o u n t s  of "Ge (5 nCi is usually loss than 5 sl] 

U l l y  OT 4.01  Baxtor) is brought t o  of 7.0  t C . 2  by adding 
1.U sodfun hydroxido us ing  a combination electrode and pll 
IbCter. Tho rasultinx solution is drawn into a sterile, 
pyrogen-free, dispos8ble syringo using a sterile, pyrozen-free  
disposable 3-way stopcock and tubing asreobly, and filtered 
tht0ug.h an attached s t o r i l a  disposable 0.22 micron b,!llliporo 

150 m l  bottle of 
starire, pyrogen-free 0.91  sodium chloride for injection 
(Ahbott) c o n t s l n l n g  sufficient solution to mako tho f i n a l  
oo1uc.o ~pproxinately 100 al. The filter assembly will then bo 
bubble tosted to check for lerbrgs prior to rclcoro of the 
doso for rdminirtrat&on. 

an 9 stcrilo nonpyrogcnic sodiun citrate solution (either 2 . S I .  

Swinex-23 filter into a partially erptied i 

6. (a) Previous studies a t  this inrtnllrtion with ~ a l l l u n  
radionuclides in both  rniealr and humans with bone ncoplarnr 

' ut at., "A Study or C.lliurn71,'* Radiology 63, 534.613, 1933). 
The tlrruo distribution of lntravonousty rdmtnlstered "Ga in 
8nimals borrtng various s o f t  tissue tumors has recently boon 
8tudied. T 8 b h  1 (attached) shows tho dittribution in r8ts 

- have boon reportod i n  the  o en literature (Brucer, \!arshmll, 
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boaring 1 tranrplmtad p o o r l y  differentiated crrcfnorn. 
Tabla 2 (8t tnchcJ)  shows the tiisire t!!strfhirtion of intr8-  
venously rdninfstcrcd carrfor-frcc p a l l l m  rndfonuc l idcr  
in t h e  rat through a poriod of 17 days ( 5  half-lfvcs of  
6 7 C a ) .  rho  la t ter  two invcstipations were cofiductad U U ~ C ~  
the sttpcrvfsion of f+. L. !!ayes (biography attschcd).  The 
t!ur.crn ' \ is6 Cormittea of the f3RhU tfcdicsl : ' iv is ior .  has canctudcd 
t h a t  it is reasonably safe to i n i t i a t e  a clinfcal investigation 
u l t h  ''Ca. 
biogrrphi sr  is  attrched.) No harnacolocic c f f tc t  i s  cipectcd 
from t h i s  drug yrcparatian. ~ . e  f ' 7 ~ a  USCC! w i l l  be carrier-froe. 
The only cheL>lcrrlly J o t a c t a b l c  lngrcdicnt i n  addition t o  the 
physiologic salino will 30 sodiuo c f t r a t c .  Tho concentration 
of cittato present vi11 bu approxinrtcly that: in rtorcd blood 
t r e o t o d  w i t h  , IC3 to tu t ioa  as rn rnticorpulanf.  

( A  l i s t  of  racahsrs of t h i s  Committee 8nC t h e i r  

(b and e) 

7. All dosos or0 to IC prepared and used In t h o  hospital of  
the ORAU !lcdicsl I l ivls ion.  After preparation each JOJC will 
bo rc lsatcd d i r e c t l y  t o  r newbet of the h e a l t h  phys fcs  s t a f f  
who a f t o r  essayin: t!m Jose w i l l  transport  i t  t o  tho t l t tcnt i ing  
physician and monitor the adninittratlon. 
t h e  dose dotfgnatlng t h e  doro in ~ ~ l l i c u r i e s  and in milliliters 
togothor wi th  the patient's name and idemtfffcation numbar. 

8 .  Tho 1nrrrflgatorr are: (bfogrsphics are  at tached)  

% %  Ryoaahu Tmnlda, 1 f . D .  

Uo not  apply. 

A for= wilt accoaprny 

1 flefan A.  Vodopick, 14.2,. 
Francis C o s w i t t ,  ?4.D.  
Narsar fehtrr.ian, 11 .U. 

C. L. Eclvsrdr, b f . 3 .  
R e  f .  lf.yOS, PheD, 

9 .  The progross of the invcsticatian atid evidence o€ safety  
and effcctlvsness of the drug will be a v r l i ~ ~ t o r l  by GoulJ A .  
Andrerr, M . D . ,  Choirmn of the !tadlcal Slivislan (see bioRraphy) 
with advice from the  Progrea Review Coaolttcc (so0 attrched 

10. 
ctlnftian i n  locating neoplastic tunors, cithcr prieary or 
retdrtotic fn soft tisruo as well as t h e  rkelcton. I t s  
r f f icrcy  vi11 bo judged so le ly  on the b3sfs of its  locali- 
taxion i n  tumor t i s s u e  i n  sufficient concentra t ion  to  pcrnit  
~ l a ~ r l i t a t l o n  of tunor s i tes  with c l i n i c a l  scanning oquiprnent. 

i - 

I . f l a t  m d  biographles), 8nd the lluann Use Casrrittce. . -- 
this prsparntion is intcndad 8s I d i n f i n a s t i c  a i d  t o  tho 

f 
. 

(a) Clinical Pharnacology. h i n g  frao of  crrrior gal l ium, 
the drug's only phrrmrco log ic~ i lp  active ingredient i s  citrate, 



-- I I ,  
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which  1s not t ox ic  in t h i s  m o u n t .  Slow infusion ( 1 s  t o  20 
n , lnu tc r )  w i l l  miniR1:e any s y n p t a n e t i c  hypacalcenlr which 
a8y  occur due t o  the toaparary b ind ing  of i o n i z e d  ca1Ciua  by 
t h e  c i t r a t e .  

The ridlation cxposriro r o r u l t l n g  fron tho 67f;n is 
expected t o  be loss than 2 . 1  rsda/rlCi t o  the s k e l e t o n  and l ess  
t h a n  0.4  rrds/nCi t o  thc whole boJy: t h a t  f r o n  4'Ca (see 
S o c t i o n  5)  will riot exceed 0 .35  raJs/nCi t o  bone and 0.007 
rads/n!:i t o  t!io uhola hody. These figures assiimo the w o r s t  
possible conJitlons, 1 . e . )  no e x c r e t i o n  and 1001 l o c a l i r a t l a n  
in the skelaton f o r  tho f i r s t  figure and IO01 uniform d i s t r i -  
bution n i t 3  no e x c r e t i o n  f a r  t h e  sccorxl. A n i F n l  data snd 
o a r l l o r  human d a t a  obta ined  w i t h  ot5or fsotopos of ga1li:in 
h ! i c a t e  a t  l e a s t  4 0 1  excretion t i i t 5 f n  the f i r s t  h a l f - l i f e  
and no note  than S O \  l o c a l i t a t i o n  in t h e  s k e l e t o n .  YOYO 
precise launan ( l a t a  f o r  t!ils p r c p a r a t l o n  is u n a v a i l a b l e  but 
vi11 be obtained f r a n  zhc i n i t i a l  p a t i o n t r .  

body m i g h t  of t h o  r m S i a p h a r ~ a c e ~ t i c a 1  t o  approximtsly 50 
p r t l c n t r  r l t h  known m l i g n a n t  neoplarns.  I!lood c l e a r a n c e ,  
vhole IroJy rotontion, and u r i n e  nnd fecal e x c r e t i o n  d a t a  w i l l  
be conpllad whero possible f o r  each  patient. D i f f e r e n t i a l  
counts over such o r g a n s  as l i ver ,  splccn, heart ,  am! t!iii:h 
w i l l  l a  combined w i t ! i  t o r i a l  p r o f f l o  rcsnn t o  obtain  core 
precise data  r e c a r d i n g  localltntion anJ faonce the r a d i a t i o n  
Joro t o  s p e c i f i c  organs, 
f r o n  t h e  study and d s t r  obta ined  from oxtornal counting will bo 
rupplamantod with assqy of t i s s r i o s  abtr inod  a t  a u t o p s y  and 
s u r g e r y  when a v a i l a b l e .  

Phase I ,  t h o r c f o r e ,  i n c l u d e s  g i v i n g  up t o  5 mCi/70 kg 

T e r n l n a l  patients n i l 1  n o t  be exc luded  

Phase XI. Tho i n i t l r l  t r i a l s  w i l l  he llaited t o  p a t f o n t s  
w i t h  known naliynant naoplarns  t h a t  can be protuxed t o  bo l i f e  
s h o r t e n i n s ,  i . e . ,  c ~ c l u d i n p  cutahlc skin c ~ n c c t s :  carcinora of 
t h e  corvix, and o t h c t  cancers beliavcrl  t o  have boon curccl by 
excision. ?ha objective of P)\.nre I1 i s  fint!inz w h l c h  types of  
hri:jan ncoplaszr can  h e  detec ted  w i t h  t h i s  prPp8tStiOn a d  t h c  
lircits of site, time, l o c a t i o n ,  nnJ o t S a r  f a c t o r s  a f f e c t i n g  t h e  
l o c a l i t r t i o n  of t h i s  r s t1 ionuc l ido  in t u n o r  t i s s u e .  of par t i cu-  
l a r  l n t c r a r t  aro carcinoma o f  t h e  lung  and of t h e  pancreas,  8s 
wall as !lOdRkin'8 disease and other 1yr.phonas. h'a p l a n  t o  
study between S O  t o  100 p a t i e n t s  in a year, although noto wlll 
bo necarsory t o  obtain a l l  t h o  data  n e c e s s a r y  t o  s a t i s f y  t h e  
Bajor o b j a c t i v e s  of Phase I:. 

(b) Cllnica'l  T r i a l .  I t  Is u n d e r s t o o d  thrrt this a p p l i c a t i o n  
is for P h ~ r o 8  f 8nd IS only and t h a t  a subsequent application 

u 
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will he forthcocfng prior t o  baginnin? Phase IT! which w i l l  
ca tcnd  these trials t o  patients sristrcctcd of havinc. but not  
Anown t o  have cancer or othar malignant tumors. 
w i l l  have t o  vnit compilation of mdcqnato ev idcncc  o €  safety 
fran Phase 1 and suffjcient ovidcnce of e f f i c a c y  from Plia9e I f  
t o  j u s t i f y  C X p O S t J r O  of ratients not known t o  hovu l i f e -  
rhortcning J i s c a s o  t o  ovun this ar-ount o f  rrdiation. Precise 
d a t a  regarCin& the radiation doses to in terna l  organs m s t  be 
pride available t o  the Iturnan Use Conorittee bafora the dcclrion 
t o  go ahead with t h i s  phnro i r  nado. 

Phnsc  111 

Assuming t h e  results of Phascs  I and 11 warrant 
extonsion t o  Phrrre 111, t ! ie  o!~jec t fvo  of Fhrsa 111 will be t o  
doternine, 1) i f  a naoplssn 1s detcetahlc by other neans ,  e.g, 
coin lesions socn on chest X-ray, or I p a ~ p a b ~ e  breast  tunor, 
can ba distinguished from benign lssfonr; 2) i f  netartntic 
ler~ons not detcctod by X ray can be found prior t o  radical 
rUSmCtiOno1 Surgery (0.g. Y8d1C81  .8StOCtOoly 01 pnoUnOneCtOny). 

Appendix (not copied for present distribution) included names of Medical 
Division review committees with brief bibliographies of the members and 
also of the investigators on the gallium project. . 

, 
i 
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Liver 

Spleen 

Kidney 

Lung 

Muscle 

Rib 

Fenur 

Calvaria 

Pia r r ow 

Blood - 
Tunor 

-.-- 9 hdninlsteted _--- .-- . -. .-.- :!c?sefx 

1 .03  t 0.04.. 1.04 t 0.02 

1 . 4 9  t 0.07 1.50 t 0 . 0 5  

0 . 9 1  * 0.04 o.no t 0.02 

0.36 - 0 -  

0.27 t 0.01 

2.26 t 0.09 

1.93 * 0.08 

0 .92  : 0.04 

1.19 . - 0 - 0  

0.19 t 0.01 

8.20 0.49 

Rntio tumor to:  

blood 43 

.--. .--.---a- 

0.35 - - -  
C.26 2 0.01 

2 . 2 2  : 0 .23  

1.36 t 0.0s 

0 . 8 5  * 0.01 

1.00 --- 
0.23 f 0.01 

4 - 3 5  t 0 .29  

19 

!i\;scl. 31 1 7  

Liver 8 4 

.. 5 3 Bono 

rats; killed 24 hours; 7 rg Sodium citratc/kg; 
'!*gi!Pn1S pTOU?. 

L/ ** Standaru ireviation of the mean 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL Dr* c* Lowell Edwards Proposal No. 74-12 

DESCRIPT1oN: '%c-pertechnetate for thyroid scanning. Activities ranging 
from 1 to 10 millicuries will normally be administered. 
is included in the AEC List of Well-Established Medical Uses. 
package insert is attached. 

This radiopharmaceutical 
A n  FDA Sample 

The Committee approves with the following limitations: 

Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical may/- be administered to pregnant patient. 
Other: F!ad5opha=csutical to be a b i n i s t e r e d  in accor&.oct wit3 g~dcage 

insert supplied with the radiopha-ceuticrl. Physicians m y  not 
zchinirter =ore than M c e  the n o m a l l y  rccoEended aetFvlty 

1 without  specif ic  approval,. of the Bfedical kd%OnUCli .dQ C o ~ ~ % t e t .  . 

0 The Committee disapproves for the following reasons: 

MEMBER 

J. D. Berger 

R. J. Cloutier 
~~ 

C. L. Edwards 

R. L. Hayes 

C. C. Lushbaugh 

APPROVAL DISAPPROVAL ABSENT DATE 

Proposal -/does not require approval of Committee on Human Studies. 
s/ 

Human Studies approval granted on 



FDA Sample Package Insert 

DESCRI PTION 

Sodium pertechnetate Tc-99m injection is a v a i f s b l e  as a s t e r i l e ,  
pyrogen-free isotonic sodiun chl ci-ide sblut icn which s h o u l d  be cryst21 
c lear .  
adjustment. 

Eydrochloric acid o r  sccliufii hydroxide nay be present fo r  pii 

W 

- ACTIONS: 

The pertechnetate ion d is t r ibu tes  in the body s i n i l a r i l y  t o  t h 5  iodide 
ior, b u t  is not organified when t r apped  i n  -1he thyroid gfand. 
tends t o  accumlaie  i n  intracranial  lesions xiti7 excessive neovssculari ty 
o r  an a l te red  b i o o d - b r a 5 n  berriei-. i t  a lso ccric2ntrates i n  t n y r o i d  
g l a n d ,  sal ivary glands stcmch zqd choi-aid plexus. After i n t r a v s c d i a r  
adninis t ra t ion i t  rmains is t h e  c ~ ! - C ~ l l ~ t ~ i - ~  systen fo r  suf f fc ien t  ~ f i 7 2  -la 
permit b lood  pool,  o r g a n  porfcsi2ny znd majcr .:esse1 s h d i e s .  
equi!-ibrates vi th  ih2 ext race i iu la r  space. A Sractiot: i s  pri5*A?tlj 2;:- 
cveted  v i a  t h i  kidneys. 

Pzr techne tz te  

It Grs;fu37i-/ 

i 
I 
I 
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2 

f!adioFhaimsceuiical s shcul d bo used only by p h y s i c i a n s  who c?i'C 
c;uai::-ie:l by spec i f ic  t r a i n s n g  .in thc s a f e  LISP ai:d hsndling c f  
radionucl ides prodilced by riucl eiir r c a c t c r  61- par t i c l e  acce l  ers tor  
and !:.ilose experience and training have been approved  by the a?-  
p r o p r i  a t e  go \wn; r :on t  agency aut i ior i  zed t o  1 i cense t h 2  us2 of  
radi ongcl  i d e s  . 

. . ̂ . 

PRECAUTIONS 

As in t h 2  use of  any other r a d i o a c t i v e  m a t e r i a l  care s h o u l d  b e  t z k n  
t o  i n s u r e  n in imm r a d i a t i o n  exposure t o  the p a t i e n t ,  consist2nt v f t h  
p r o p 2 r  p 3 t i e n t  management, and to insure minimum r a d i a t i o n  er.?os:i.z 
i o  occu?a t iona l  P!orkers. 

Fit t h e  tin2 of a d i n i n i s t r a t i o n  the solution should b e  crystal  c lear .  

! 

i 



PHYSICAL ----- CHARACTERIZTICS 

W 

Technetium-99a fecays by isomeric trans! t i o n  w i t h  a physical h a i f -  
l i f e  of G hours . Photons t h a t  arc! useful f o r  imaging s tud ies  arz 
l is ted i n  Table I .  

-- Tab12 I .  
Radi a t i  sn Kean Y/disi n tegra t i  an fqean Eneray (K?'!) 

Principal Radiation Emission Data 

ii i n t .  con. e l ec t ron , J - I  98.6 
Gsmia- 2 88.3 
K i n t .  can. electron, ? -2 8.8 
L i n t .  con. e lec t ron ,  ,Y-2 1.1 
Gama- 3 0.03 
K i n t .  con. electron,? - 3  0.96 
}<;(x rays 6.5 

1.7 
140.5 
119.5 
137.7 
142.7 
127.7 
18.4 

-, ine s p e c i f i c  g a m s  ray constmt fc r  "'Tc i s  0.72 i?,Kj-hr a t  1 cz. 
The h a l f  value l aye r  i s  4 m o f  Pb. 

-5 
-4 
- 3  
-2  
-1 
G' 
1 
2 
3 
J 

1.779 
'i .597 
1 . ? I 4  
1.260 
1.122 
1 .c:? 

.e31 

.732 

. /u 7 - r\ 
C '2 ) . U . J (  

5 
G 
7 
8 
9 

11 
.!2 
1 0 
22 

_I .. 
i J  

CJ 
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The estimated absorbed r a d i a t i o n  doses1 to  a n  a:lerspe pat ient  (70 k ~ )  
&om an intravenous ir , jection of  a m x i r m  dose of  20 millicEries o f  
ddnYc are sho(c;n in Table  111. 
when a maximm dose o f  3 mil l icur ies  is  used, i t  is assumed t o  b2 un- 
iforinly equilibratzd betwen mterna l  m d  f e t a l  tissues. 

For placental l cca l i z s t i cn  s tudies-  

Tzble  111. Radiatjon Doses 

Tissue 

Thyroid 
Lzrcje Bowel 
Stcnach . 
L i v e r  
Testes 
3va:-i es 
Placenta 
Fetus 
GrsS n 
!!hol e-body 

12.0 
2.94 
2.14 
0.30 
0.27 
0.28 

0.24 
0.27 

Revised 5/1/73 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL Dr. c.  Lowell Edwards Proposal No. 74-11 
i 

, DESCRIPT1oN: '%c-pertechnetate for brain scanning. Activities ranging from 
' 
10 to 20 millicuries will normally be administered. 
is included in the AEC List of Well-Established Medical Uses. 

This radiopharmaceutical 
An FDA sample 

package insert is attached. 

The Committee approves with the f-llowing limitations: 

Radiopharmaceutical may/mxsf& be administered to patients under 
18 years of age. 
Radiopharmaceutical may/-S be administered to pregnant patient.. 

Other: Radiopharmaceutical to be administered in accordance with Fackage 
. _ _  

insert supplied with the radiopharmaceutical. 
adninister more than twice the normally recommended activity 
without specific approval of the Medical Radionuclide Committee. 

Physicians nay not : 

~ 

- - -  
0 The Colhmittee disapproves for the following reasons: 

W 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE * 
R J. Clollfier dw- 
C. T.. F A w d  d / W I  ci 

R. L. Hayes 

C. C. Lushbaugh ,$%y 

J. C. B-r 

Acknowledgement of Submitter Date &&$/ 77+ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% 

Proposal W d o e s  not require approval of Committee on Human Studies. 
3--' 

Human Studies approval granted on 
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74 f l  

FDA Sample Package Inser t  

I 

DESCRI PT I ON 

Sodium pertechnetate Tc-99m inject ion is avai lzble  as a s t e r i l e ,  
pyrogen-fres isotonic sodiunr chloride s o l u t i o n  which should be crystal  
c lear .  
ad jus tment . 

Hydrochloric ac id  or  sodium hydroxide may be present for pH 

The psrtechnetate i o n  d i s t r ibu tes  i:) t h e  body s i n i l a r i l y  t o  the iod ide  
ior, b u t  i s  not organtfied w!ien trapped i n  the thyroid gland. 
tends t o  accunulate i n  int racranial  2esions x i t h  excessive neovsscvlari ty 
o r  an a l te red  biood-brajn bar r ie r .  I t  a l s o  coxen t r a t e s  i n  tnyroi6 
g l  a n d ,  s a l  i */ary g l a n d s ,  stexach arid choroid p? exus. 
abxinis t ra t ion i t  rmains in the  c i rculatory systern fer  suff'i 'cient T;Z t c  
parait blosd pool,  organ perfusion, and  major vessel skudies. I t  st*zc!zz77- 
q u i  15 brates t i 5  th the extracei I u l  ar space. 
creted v i s  t h .  kidneys. 

Pzrtec:-tnotzts 

After i ntravascdl a*- 

A fracxi or: i s  prcnptly e;:- 

l O 4 8 b 5 9  
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2adiopharmceutical  s sl:oul d be used only by physicists who a r e  
qua i i f i cd  by s p e c i f i c  t ra jn ing  i n  t h e  s 3 f e  use  ar,d handling o f  
r*z:lionucl ides produced by riuclezr re3cLLor Gr p a r t i c l e  2CCe1?r"'tOr 
2nd ei iose experience ar;d t ra in ing  tia:,e S w n  approved by the ap-  
propri a t e  gosernnsnt agency aL:tiiori zed t o  1 i cerise tne tis2 o f  
radi onucl i des .  

PRECkL;TI ONS 

As i n  the use o f  any o the r  rzdioact ive material care  stioti'ld be t a k n  
t o  insure minimum rad ia t ion  esposure i o  t h e  pa t i en t ,  cons is ten t  ~ 1 5 t h  
proper pa t i en t  management, and t o  insclre minimum radiat ion ex?osui.e 
t o  occupational v!orkerr. 

A-c t h e  time of administration the so lu t ion  shot i ld  be crystal  c l e w .  

, 

1048bb0 
i 
I 
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PHYS I CCIL CHARACTERISTICS 
I-I_- 

Teci?neticii;-99m fecays by i somer i c  t r a n s i t i o n  w i t h  a phys ica l  h a l f -  
7 i  Fe of G hours . Photons t h a t  are useful f o r  imaging s t u d i e s  ara  
l i s t e d  i n  'rnble I .  

-- Table  I .  Principal Raclistion Emiss icn Data 

Radi a t i  sn &an Xldi s i n t e q :-a t i 3n Near, Eneray ( i C ? V )  

i.1 i n t .  con. electron,J-l 
G2cza-2 

L i n t .  con. e l e c t r o n ,  2 - 2  
Gama- 3 
K i n t .  con. e l e c t r o n , ?  -3  
K K x  rays 

i( i n t .  Con. 91XtrCIR, 2 -2 

98.6 
88.3 
8.8 
1.1 
0.03 
0.35 
6.5 

1 .7  
140.5 
179.5 
137.7 
142.7 
121.7 

18 .4  ' 

! 

-5 
-4 
- 3  
-2 
-1 
0" 
I 
2 
3 4 

1.779 
1.557 
1.474 
1.260 
1.122 
1 .c53 
. Ccjl 
.79$ 
.757 
.g 33 

i 
I 
i 

i 

1 

*Cal i brat ' i  oi! t ' r i l ?  



4 

wmnm DOSKETRY 

The est‘inatpd abscrbed radiation doses1 t o  a n  averaGe patiet-i.t ( 7 3  kq) 
~ on an in t ravenous inject ion o f  a maximuin dose o f  20 ini;licuries 0-t 
4FTTc a r e  shown i n  Tab1 e 111. 
chcn a naxirnun dose of 3 mill icur ies  i s  used, i t  is assumed t o  be un- 
ifomly equil ibratzd betv:een matwnal and  f e t a l  t i s sues .  

For placenta? lccal  itaticri s t u d i e s -  

T&le 111. Radiaticn Doses 

Tissue -- 

Thyroid 
Lzrge Bowel 
S t m a  ch 
t i  w r  
Tes t c s  
Oval-i es 
Fl acenta 
Fetus 
Brz.4 n 
1~!:701 e-body 

F.bsorSed Radiation D m e  
( rads / LO nCi ) (rads/3 K C ~  ) -----e 

12.0 
2.94 
2.14 
0.30 
0.27 
0.28 

c , o r  
’I E a 0  * cs- 

0.24 
0.27 

i 
! 

I 

I 
1 

I 
1 

I 
I 
i 

I 

I 
! 

! 
I 
1 
I 

I 

I O 4 8 b b 2  



y ' 

MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

74-10 Dr. C .  Lowell Edwards Proposal No. PERSON SUBMITTING PROPOSAL 

DESCRIPTION: g%c-sulfur colloid for liver and spleen scanning. Activities 
ranging from 1 to 8 millicuries will normally be administered. 
pharmaceutical is included in the AEC List of Well-Established Medical Uses. 
An FDA sample package insert is attached. 

This radio- 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered t o  patients under 
18 years of age. 
Radiopharmaceutical -/may not be administered to pregnant patient. 
Other: Radiophamceutical  t o  be adninis tered in accordance wit5 Fackzge 

insert supplied with the radiophaxaceutical.  Physicians ray c=t 
abinister =ore than t w i c e  the nomally recopnended activity 
without s p e c i f i c  approval of the Nedical Radionuclide Co-Ltteo, 

0 The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

R. L. Hayes 

C. C. Lushbaugh 

Acknowledgement of Submitter Date c7d5* 

'9 . ProposalAaos/does not require approval of Committee on Human Studies. 

Human Studies approval granted on 

f D 4 8 b b 3  



FDA Sample Package Icsert 

DES%T.FTION 

The 1:i t contai ns a1 1 o f  the Ron-radi  oacti  ve reagents r q u i  rc.5 t~ 
p r e p a m  a s t e r i l e ,  Eon-Fyrogenic prcpzration of Tc-9% Sulfur 
C01lo:'G su i tab le  f o r  d i r a c t  i n t rave t ious  in jec t ior i .  Khen s t e i - i i e ,  
pyrog2n-free Sodium Fertechnetate Tc-9% i s  added t o  t h e  reaction 
vi81 TocSnetium Tc-9331 h l f u r  C o l l o i d  i s  formed w i t h  i h z  non- 
r z d i o s c t i v o  reagcnts . 

Fo l i ow ing  intrzvenous administration, Technetium Tc-99m Sulfur 
Col 1 oi  d is  r a p i  dly c: eared by the  reti cul oendoihel i a1 sys tern frcE 
the blood with a nominal clearance half  tins o f  app,roxi iTatefy 2 1/2 
r'!inutes. Uptnke o f  t h 2  radioactivz colloid by organs of  i kz  
r e t i  cu 1 oeiidgthel i a? sys tern fs dependmt- upon both t h e ?  r re? a t i  ve 
blood fi o;;r r3ttes and the functional capaci t.:y ' o f  t h 2  rhagwyt ' i  c cel7 s .a 

I n  the.average normal p a t i e n t  EO t o  302 o f  t h e  i n j e c t e d  colloiajif  

IC:: by t k e  spleen and the Dalanc.2 by t i i z  bone I T ~ I I ^ ~ O W .  
pzrtir,']es a r?  p ~ 3 ~ o : ~ y ~ ~ j ~ ; - d  sy t!)? Ku? f fe r  cc-if;  of l f : ; ~ r ,  5 

?;one. 

:d 

4 O 4 8 b b 4  
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i 

The corite:lts of t h e  k i t  are not  radioactive. 
scdiurn pertechnetate lc-9% i s  added,  adequate shielding of the 
f inal  preparaticn nust be r:zi ntained. 

However, a f t e r  t he  

Radiopharaaceuticals shmld  be used only by physicians r!ho are  
qual i f ied by spccSfic t ra ining i n  the safe  use and handling o f  
radionuclides product?d by nuclear reactor or par t ic l  e accel e ra tor  
and whose experience and trz(.ining have been approved by the 
ap?ropriate governxent agency authorized to  1 icense the use of  
r ad i  ontrcl ides. 

T h i s  radiopharmceutical preparation s h o u l d  not be administered t o  
pat ients  who a r e  pregnant or during lactat ion unless t he  benefits  to 
be gained outwei yh t h e  potectial  hazards. 

Ideally,  examinations using radio?harmaceti t 'cals,  especially those 
e lec t ive  i n  n a t u r e ,  of a woiiian o f  childbearing capcbili ty s h o u l d  
be perforined d u r i n g  the f i r s t  few (approximteiy 10) days i'ollcning 
t h e  onset o f  rcenses. 

! 

# 
PRECAUTIONS 

I048bbS 

i 
1 
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A D!i E RS E R E A C T  I 0 NS 

HyFersens'i t i  vi t y  reactions,  i ncJ ud i  ng  anaphylaxis, have been re- 
ported i n  patients rzccS v i  ng sul fu r  co? 1 o i  d prcparati on. 
rare, pys-oG?n rehcticns Ptave been reported fol1 ovring t h e  adini nistra- 
t i o a  o f  the drug s t ab i l i zed  w i t h  gelatin.  

-- 

Gl t h x x j h  

3 



bhcn o r a l l y  administered, the t a c h n e t i m  Tc-9% sulfur c g l l o i d  i s  !xt 
absorbed from the G . 1  , tract .  

Tile p a t i e n t  dose s h x i l d  be mssured by a su i t ab le  r x l i o a c t i v i t y  c 2 i i -  
h \ai\ t i c) II s y s i eiz i 1~ii:i2 d i 2 t el y p 1- i o r t o  admi n i s t r a t i o n . 

1.7 . 
120.5 
119.5 
137.7 
!-L.7 
127 .i 

13.4 

, .) - 



Frac Lion F rac t ion  
Rerna i n i !I 2 Remainifig -- tb 11 rs -- Hctrrs -- 

-5 1.779 5 ,562 
-4 1.557 6 .500 
-3 1.414 7 . .446 
-2 1.250 8 .397 
-1 1.122 9 ,354 
0" 1 .ooo 10 .315 
1 -891 11 .281 
2 .794 12 .250 
3 .707 18 .125 
4 .630 24 .a53 

* C a l i b r a t i o n  t i m e  

5 

in.-"- agent are  a l so  i nc l t ded .  
i 
I TaSle 111. R a d i a t i o n  Gose? 

T issue 

2.5 
1.2  
0.25 
0.032 
0 -0 ti- 6 
0 . i 3 .  

12.0 
G . 2  
0.91 
0.025 
0 . OC7 
0.40 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

Proposal NO. 74-9 PERSON SUBMITTING PROPOSAL Dr* c* Edwards 

DESCRIPTION: 59Fe as citrate, sulfate, o r  chloride for iron turnover studies. 
Activities ranging from 5 to 10 microcuries will normally be administered. 
This radiopharmaceutical is included in the AEC List of Well-Established 
Medical Uses. An FDA sample package insert is attached. 

The Committee approves with the following limitations: 

Radiopharmaceutical may/- be administered to patients under 
18 years of age. 

Radiopharmaceutical -/may not be administered to pregnant patient. 

1 

Other: Radiophaznaceutical to be administered in accordance ~ 5 t h  ~2ckrge 
insert supplied with the radiophamaceutical. Physicians "-ay cot  , 
ahin i s ter  more than twice the n o m l l y  recamended activiq - 
without specific approval of the Medical Radionuslide CoLA -2 t t o ,& .  

0 The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier & 
R. L. Hayes 

C. C. Lushbaugh 

Proposal does/does not require approval of Committee on Human Studies. L 
Human Studies approval granted on 

I O 4 8 b b 9  
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FDA Sample Package Insert 

Ski*?!-E ! /‘,?ZL1:,5 

Ferroris Ci t ra te  Fe-59 Injection is a s ter i le ,  pyroqen-free aqusous so1!3t..fin 
conta in ing  0.9:; benzyl alcohol as e preservdtive. I t  i s  fiiade !;oter!ic t i 5 t . 7  
sodiui; chloride.  
sdjilst.txnt of the pli. 
niore 5 m  @ . 5  ic~/r!iI of sxiiira citrate as a buffer. 

Scciiu::i hydroxile or hydrcchiorZc .acid nsy be prt?s.nt -I’c.r 
I t  contains trace s i m n t s  o f  a s c o r b i c  e c i d  c:id i-.2: 

Foilowing injection, iron from t h e  aZ3inistered ferrous ci t ra te  i s  h r . d  
t o  t h e  plasma protein, transferrin. 

‘c2rried t o  tile blood formins organs ~ i i e r e  i t  i s  utilized t o  f o m  h c : : , q f ~ 5 f : :  
o r  Ss deposited in the ret iculogn~ct~~el ia l  c e l l s  o f  t h 2  li;?er and sy icen.  

i n  this t ranspr t  f m m ,  iror. i s  

l O 4 0 b l O  
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-7 .. 5 
-- 3 
-1 
0" 
1 
2 
3 
4 
5 

1.113 
1.080 
1 . o a  
1.018 
1 .oca 

.985 
,970 
,955 
.940 
.926 

7 
10 
75 
20 
25 
30 
35 
40 
45 
50 

.&98 

. a 7  . I >4 

.735 

.G51 

.630 

.534 

.540 

.so3 
,464 

7n 

T a l  ? ' b r a t i  on day 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

74-8 

"Cr-chromate for red blood cell volume and survival studies. 

PERSON SUBMITTING PROPOSAL Dr* c* Edwards Proposal No. 

DESCRIPTION: 
Activities ranging from 10 to 200 microcuries will normally be administered. 
Major radiopharmaceutical manufacturers have NDA's approved by FDA for 51Cr- 
chromate. A n  FDA sample package insert is attached. 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical may/may not be administered to pregnant patient. 
Other: B a C i o p h a m c e u t i c a l  t o  be a&in€stercd in accordance trr,:h ~ ~ c l a g t t  1 insert suppl i ed  with the radioF.hrmaceutica1. Physiciaru zay c o t  

z b i n i s t e r  n o r e  than twice the no,-lly reemended activic7 1 without spec i f ic  approval of the Eledical Radionuclide Coz=it to, t ,  
I 

The Committee disapproves for the following reasons: 
v 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

2- w - 7 q  

J. D. Berger 

R. J. Cloutier 

C. L. Edwards a 9'7v 
R. L. Hayes 

C. C. Lushbaugh 

- 
Q 
E 
00 
W 

SW Proposal */does not require approval of Committee on Human Studies. 

Human Studies approval granted on 
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i FDA Sample Package Inser t  

I 

i o l l e b l l r  
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! #'2, R;:' 1 ; : cs 

T h i s  r a d i o p h a r m a c e u t i c a l  s h o u l d  n o t  be a d n i n i s t e r e d  t o  pat ients  k' in0 2 r P  

p i - e g m n t  or d u r i n g  l a c t a t i o n  u n l e s s  the i n f o r m a t i o n  t o  be g a i n e d  ouik:eiShs 

the p o t e n t i a l  h a z a r d s .  

! 

110 4 8 b 15 
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None 

T h e  usual dosages for the above i n d i c a t i o n s  i n  the averege p a t i e n t  (75  Ls) 

are  a s  follo:.rs: 
I 

The 3t.tcminat-ion of rzd blood ce l l  voluce  c r  mss: 

The study G f  rcd blocd  ce l l  S w v i v - I l  tirne: I50 nicrocuries. 

I f )  t o  20 Licrcxrf :s  
! 

The evs lua t i on  o f  blocd loss: 200 aicrocuries.  

1 0 4 8 b l b  
i 

i 
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To c o r r e c t  for physical decay o f  t h i s  radionuclide, t.k f r e c t i o n s  t h 3 t  

rem-in a t  se lec ted  t in12 i n t e r v a l s  before a ~ d  a f t e r  the day o f  ca l ib ra t i cn  

are shown i n  Table 11. 

Table 11. PhEica l  Decay Chart; Cr 5 1 ,  half l i f e  2 j . S  days 

Fraction Fraction 
Days Rem i n i ny- Days - Reix i n i ng Days 

1.221 8 
1.105 15 
1 .os1 20 
1.025 25 
1 .OD0 30 
.975 35 
.951 40 
,905 45 

.819 . €58 

.607 

.536 

.473 

.418 

.359 

.325 

50 
55 
60 
65 
7 0  
75 
8C 
85 

Fraction 
R e z a i n i z q  

.283 

.2J4 

.224 

. I  S8 

.175 
,154 

. .136 
.122 

*Calibration day 

TI12 est5nmted absorbed r ad ia t i cn  doses1 t o  an  average p a t i e n t  (73 ks) f r o s  

an irtravcnous -injcctScn cf a r z . x i r s 1  dcse of  2C3 mici-;cu:.-jes of Ci* 5: ~ T S  

shc::n i s  -jabi e I I I.  

- Tabie 111. Rhdiation POSES 

T i  ssug 

0.29 
2 . 6 3  
0.256 
c. C55 
0. C55 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

Dr. C. Lowell Edwards Proposal NO. 74-7 PERSON SUBMITTING PROPOSAL 

DESCRIPTION: 51Cr-chromate for spleen scanning. Activities ranging from 
300 to 500 microcuries will normally be administered. 
is included in the AEC List of Well-Established Medical Uses. An FDA sample 
package insert is attached. 

This radiopharmaceutical 

The Committee approves with the following limitations: 
Radiopharmaceutical may/may not be administered to patients under 
18 years of age. 
Radiopharmaceutical may/may not be administered to pregnant patient. 
Other : 

The Committee disapproves for the following reasons: 

Spleen scanning with 51Cr-chromate no longer performed at Medical Division. 
Package inserts for 'lcr-chromate do not list spleen scanning as 
recommended procedure. 

Y 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier 

C. L. Edwards 

R. L. Hayes 

C. C. Lushbaugh 
A 

Proposal dmis/does not require approval of Committee on Human Studies. 

Human Studies approval granted on 
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FDA Sample Package Inser t  
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!,I$$ Ri; f ! IGS 

This radiopharmsceutical ShOiild n o t  be achinistsi-erf t o  pat ients  bi+tO ~ r e  

pregnant o r . d a r i n g  lac ta t ion  unless the information t o  be gained c x i w i g h s  

t he  potential  hazards. 

---- 

Ideal ly ,  examinztions u s i n g  radiopharnaceuticals, especially those electi;.? 

i n  nature, of a wman o f  childbewing czpzbi l i ty  should be performed durir; 

the f i r s t  few (approximately l o )  days following onset of rwnses. 

Radiopharmceuticals should  be used only by physicians who are  qualified 

by spec i f ic  t ra ining i n  the safe use ard  handling o f  rzdionuclsdes p r e i s c ~ ?  

bjt ngclear reactor or  pa r t i c i e  zccelers tor  a rd  whose experience and traSnir2 

have k e n  approved by the aspropriate goverr,i::snt z2ency authorized ti) ? f r - = y r  " ._ , . 3 c - 

I O W 8  I 
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T 

3 

(19 c?-icrc;cur-ies per n-icY"og:-s!n) o f  s o d j w  chroG!ate a t  the t i m e  of u s e .  

L_ C 3 S F, G E F, ! 0 AD X I F.! I S T RAT 1 0 

The usual dosages f o r  the above ind ica t ions  i n  the average p a t i e n t  (70 ::s) 
are as f o l l w s :  

! 

The determination o f  red blood ce l l  volum o r  mass: 

The stsdy of red blocd c e l l  surviv3l t i m e :  

The evsluat ion o f  blocd loss: 2% nicrocuries .  

10 t c j  30 nicrcc;rizs ' 

I 

i 
150 microcuries. 

I 

h a l f  l i f e  of 27.3 days1. The  p r i m r y  Sairma energy o f  Cr 51 i s  320 XeV.  I 



To co r rzc i  f o r  physccal decag o f  t h i s  rad. ionucl id2,  the frzctions t h a t  I 

remain a t  s e l x t e d  t ime  i n t e r v a l s  before and af ter  the day o f  c a l i 5 r a c i o n  

a r e  shown i n  Table  11. 
! 

Tahle  11. Phys ica l  Decay Char t ;  Cr 51, ha l f  l i f e  27.8 days 

Frac  t i on 
R e m  i t! i ng Days 

-8 
-4 
-2 
.: 1 

G* 
1 
2 
4 

Fracii cn 
Revs i n i r,g Days 

1.221 
1 . lo5 
1 .os1 
1.025 
1 . o m  

.975 

.951 

.905 

8 
15 
20 
25 
30 
35 
40 
45 

.E19 
,658 
.6G7 
.536 
.473 
.418 
-369 
.326 

50 
55 
611 
65 
70 
75 
80 
85 

.28.3 

.254 

.224 

.? 58 

.1:5 
,154 
,136 
.I23 

i 

-- 
I 

i /  *Cal ibratisn day 
i 

I The e s t i n a t e d  absorbed r a d i a t i o n  doses1 t o  an average p a t i e n t  (713 1:;) fro;: 

an  i n t r a v e n o u s  i r i j e c i i o n  o f  J. m x i c m  d ~ s e  o f  2C3 m i c r e c u r ~ e s  o f  Ct- 51 ;re ! 
shc\in in T a t i e  111. 

1 
! 

i 
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PERSON SUBMITTING 

MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PROPOSAL Dr. C. Lowell Edwards Proposal No. 74-6 

DESCRIPTION: 1311,macroaggregated albumin for lung scanning, detection of 
emboli, diagnosis of malignancies, and evaluation of other pulmonary problems. 
Activities ranging from 150 to 300 microcuries will normally be administered. 
This radiopharmaceutical is included in the AEC list of well-established 
medical uses. A package insert distributed by Squibb is attached. 

)xf The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical -/may not be administered to pregnant patient. 

Other: ~ ~ G i o ~ h ~ ~ c e u t i c a l  to  be t k i n i s t e r e d  in accardznce K;t& _ t z < ~ p  
Physiciz.-,s =ay roc insert s u p p l i e d  v i th  the rad io jhar -rceut i ca l ,  

z b i n i s t e r  nore than twice th+ no=.-lly r e c o m e d e d  2 c c i v i ~  
withcut spgcific approval of the Medical Radiamcl ide  Cc--t:oa, 

0 The Committee disapproves for the following reasons: 
Y' 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger @&+ 
/ 

2- -794 

3" s'-?c/ 

R. J. Cloutier 

C. L. Edwards 

R. L. Hayes 

C. C. Lushbaugh 

~ ju' Proposal -/does not require approval of Committee on Human Studies. 

Human Studies approval granted on 
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SQ~IBB . ~. J2-.5406 

AGGREGATED RADIO-IODINATED ('''I) 
ALBUMIN [HUMAN] r. ..d 

ALBUNIOTOPEQLS 
FOR LUNG SCANNING 

Aggregated Radio-Iodinated ('."I) Albumin (Human) (Albumotope-LS] is intended 
for intravenous administration in scintillation scanning of the lungs. I t  is a sterile, 
non-pyrogenic aqueous sus nsion providing, in each E.. a roxrmately 0.5 mg. 
aggre ated human serum agumin labeled with Iodine-131. #e product has been 
heate8 under carefully controlled conditions to produce aggregates, not less than 
90% of which fall hetween IO and 90 microns in size and none of which are lar er 
than 150 microns. The potency ranges from 250 to 450 microcuries per cc. on k e  
date of assay. The preparation also mntains less than 0.01 m Jcc tassium iodide 
as a carrier, 0.9% (wlv) benzyl alcohol as a preservative, fess 0.01 mg./cc. 
sodium thiosulfate. less than 0.16 mg./cc. sodium acetate as a buffer to adjust pH to 
5.0-6.0. and propylene gl col for isotonicity: t r a a  amounts of sodium bicarbonate. 
sodium hydroxide, sirnetxicone. glyceryl monostearate. pol ethylene glycol mono- 
stearate, and sorbic acid are present; trace amounts of Kydrochlonc acid may 
be present. 

The aclivity at the time of administration can be calculated easily by consulting 
the radioactivity decay Factors provided in this monograph and the activity data 
provided on the label. 

This product is prepared by adjpstin the pH of Radio-Iodinated ('V Serum 
Albumin (Human) and subjectin it to f ea t  under controlled conditions. The size 
of the resultant aggregates is a knction of H and temperature. The aggregates 
are apparently composed of loosely-knit, 'E, ile clusters of smaller particles. 
Electrophoretic studies of similar material wit% a regates of smaller size have 
shown that the material has patterns similar to t%se of normal human serum 
albumin except for reduced mobility. The radioactive iodine has been found to be 
strongly bound to the tyrosine moiety of the protein, and remains bound in vivo 
until the material is metabolized by the body. 

PHYSICAL PROPERTIES OF IODINE-131 
Iodine-131 is roduced during the fission reaction of Uranium-235 or by the irra- 
diation of teltr ium. It disintegrates by a complex decay scheme emitting beta 

articles and gamma rays. The major radiation energies are 0.36 Mev and 0.61 
Rev  for the principal gamma ray and beta particle. respectively. '3'1 has a half-life 
of 8.08 days. 



1. 

W 

RADIOACTIVITY DECAY FACTORS 
The activity at the time of administration can bc calculated b multipl ing the 
assay value stated on the label by the appropriate factor foun i in  the f?hwing 
table: 

Dw FIctor Days F d o r  Days Factor 
1 0.918 11 0.390 21 0.165 
2 0.843 12 0.358 22 0.152 
3 0.774 13 0.328 23 0.139 
4 0.710 14 0.301 24 0.128 
5 0.652 15 0.277 25 0.117 
6 0.598 16 0.254 26 0.108 
7 0.549 17 0.233 27 0.099 
8 0.504 18 0.214 28 0.091 
9 0.463 19 0.1% 29 0.083 

10 0.425 20 0.180 30 0.076 

ACTION, DISTRIBUTION AND EXCRETION 
Following intravenous injection, Aggregated Radio-Iodinated (l3'1) Albumin 
(Human) is rapidly trans rted by the blood stream to the lungs. The aggregates do 
not enter the tissues of tglungs.  but remain in the pulmonary vasculature. When 

ulmonary blood Row is normal, the material is carried throu hout the entire lung 
h d ;  when pulmonary blood Row is diminished or obstructed% a disease process, 
the particles are correspondin I prevented in part or in wiole from passage 
through the affected rtion optic pulmonary vasculature. 

Aggregated r ad ioakmin  remains in the lungs for variable amounts of time 
depending on article size. The particles disappear from the lungs in exponential 
fashion with t$e lar er sized a g r e  ales having the longer half-life: articles 
ranging from IO to $0 microns In 8ameter usually have a half-life o f ?  to 8 
hours.'.' Apparently, the ag regales are temporarily trapped by the narrow pul- 

capillaries where t i e  particles are broken down until they are small %Y? to pass. 
Aliough the articles of radioalbumin remain for a time in the pulmonary 

capillaries. they not appear to interfere even temporarily with pulmonary blood 
Row or ventilation in the dosage required for lung scannin This is evidenced by 
the fact that these doses do  not roduce any respirato %stress nor any tachy- 
cardia, even in patients severely $1 with pulmonary a n 8 o r  cardiac disorders. 

Once the albumin panicles leave the lungs, they are carried to the liver, where 
they are removed from the blood stream primarily by the Kupffer cells. There. the 
particles are phago tized and rapidly metabolized. Thyroid accumulation of "'1 
resulting from m e t z l i c  deiodination of the protein can be minimized hy prior 

i 

j 

' 

' 

1 
~ 

! administration of Lugol's Solution. 

RATIONALE FOR USE 
Aggregated radioalbumin is an ideal substance for visualizing the pulmonary 
vasculature b means of lung scanning techniques. The material IS selectively con- 
centrated in t i e  lungs, and specificallr in.only !hose areas with an adequate blood 
supply, so that there is a clear1 visib e dislinction between normal lung fields and 
areas obstructed by a morbiiprocess. The F g a ! e s  remain in the lungs for 
ample time to complete one or more scans, an there is essentially no interference 
from radioactivity in other organs or in  the general circulation throughout this 
scanningperiod. Moreover, the material clears ra idly from the lungs after sunning. 
and is readily metabolized and rapidly excreted: so that the radiation dose to the 
patient is minimal (for an administered dose of 300 miaocuries, the radiation 
Jose to the 1vngsand.yyoIe b.l?ryjs-re@rted to be 1.9 rads and 0.00 ra s,.respe.e 
-ally, the rnate621s non-toxic CniheGG~feG?nGno $ia?macologe 
d s  to the patient. 
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Because aggregated radioalbumin is non-toxic and the radiation dosc is low. 
lun scanning may be repeated in 24 hours. when neassa enabling the physician 
to b l o w  the course of a disease or M evaluate the be&@ of therapy. 
Lung scanning with aggregated radioalbumin provides essentially the same infor- 

mation as pulmonary arteriography, but without any of the dangers attendant on 
the administration of radiopaque material o r  on cardiac catheterization. 

' INDICATIONS 
Scintillation scannin of the lungs with Aggre ated Radio-Iodinated ('"'I) Albumin 
(Human) is indicategas an adjunct lo other &a nostic procedures whenever infor- 
mation about pulmonary vasculature is desire& The most useful clinical applica- 
tions of lung scannin have been outlined b Wagner:. 1) The diagnosis of 
pulmonary embolism; %) differentiation of focarwnditions such as bullae or cysts 
rom diffuse pulmonary disorders; 3) determination of the degree of pulmonary 

vascular obliteration in parenchymal disease; 4) diagnosis and mana ement of 
congenital heart disease as, for example, quantification of the degree ofgshunting: 
and 5 )  evaluation of the patient's ability to withstand pulmonary surge 

Perhaps the most frequently useful indication for the lung scan hasTeen the 
early detection of pulmonary emboli. The lung scan is unique) able to demon- 
strate the existence of an embolism before radiological signs &come apparent. 
Although an area of increased radiolucency on the c h a t  film may su gest an 
embolism, X-ray findings do not usually become apparent until the e m d i s m  has 
produced signs of ischemia or infarction. Once an embolism has k e n  diagnosed, 
information obtained from the scan is of value in determining the desirabilit of 
surgical embolectomy, while subsequent scans provide information on the eiec- 
tiveness of surgical or anticoa ulant thera y. 

Lung sunning is similarly %elpful in t f e  diagnosis of various types of malig- 
nancies affecting the lungs. A am. scannin is of value in locating the affected 
areas. in determining the need k r  and proba%le effectiveness of surgery or of radia- 
tion therapy. and in following u p  the benefits of treatment. 

Uselul information is also provided by the scan in the diagnosis or evaluation 
of other pulmonary problems. such as pneumonia, cysts or bullae, abscesses, 
alclectasis. pleural emusion, pulmonary tuberculosis, parenchymal disease, emphy- 
sema, and chronic asthmatic bronchitis. 

CONTRAINDICATIONS 

1 1 0 4 8 6 8 8  
i 



Sunning pnredures. as well as the characteristic ap earance of s a n s  of normal 
lungs and of those with various disorders, are descrikd in the literature. How- 
ever, the hy\ician \hould familiarize himself with the appearance of normal lung 
suns  perkrmed an;eroJn.teriorly,. posteroanterior1 and laterally for urposes o f  
comparison. and shoud establish for himself t t e  procedure whicf, provides 
optimal results. 

The scan is usually performed from the anteroposterior position with the palient 
supine. In the A-P lung scan there is an area of decreased radioactivity correspond- 
ing to the heart. and another which corresponds lo the superior mediastinum. 
Bands ofdecreased activity correlating with the rib cage ma he avoided,by careful 
adjustment of the detector. When the bcan is performed $-A the Cardiac area is 
diminished in size and a l a y  area ;f the, lungs,is. v iyl jzed.  In, some cases. a 
lateral scan may provide ad itiondl U \ L ~ U U J  information It IS anticipated that the 
large particle size of Albumolope-LS [Aggregated Radio-Iodinated ( '" ' I )  Albumin 
(Human)] will allow ample time to sciln from all 3 positions when this is con- 
sidered advihable. 

Many of the reports appearing in the literature have reammended scanning 
immediately afier injection, beginning caudad and progressing cephalad in  order 
IO avoid interference from accumulating liver radioactivity. However, (hese.repirts 
are based on work which was done with material having a smaller particle size 
than Alhumolope-LS (Aggregated Radio-Iodinated ( " ' I )  Albumin (Human)]: the 
material currently in use has an extended lung halr-time, which delays liver inter- 
ference and permits scanning throughouta longer period of time. While most may 
still prefer 10 scan immediate1 . in other Instances the clinician may find it prefer- 
able to hegin the scan I to I &  hours after dosage is administered. Occasionally 
the later scan will pick up a "cold area that was missed during scanning at the 
earlier lime when lung radioactivity was heavier. 

Occasionally. small areas of increased radioactivit may a pear on lung scans: 
this may be due to the inadvertent static mixing of b h d  in tl!e s y r i y  containing 
the drug or to freezing or exposure of the product to excessive heat uring storage 
or shipping. 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PEWON SUBMITTING PROPOSAL DrD c o  Edwards Proposal No. 74-5 

DESCRIPTION: 
of thyroid carcinoma. Activities ranging from 85-150 millicuries may be 
administered. 
FDA for 1311-sodium iodide. 

1311-sodium iodide as a liquid or in capsules for treatment 

Major radiopharmaceutical manufacturers have NDA's approved by 
An FDA sample package insert is attached. 

J4 
.. . 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceuticalasy/may not be administered to pregnant patient. 

Other: Ezdiopha=ceutical to bo abin i s tered  in accordance wttb p&ge 
insert suppi iad vl. th tho radioFba-ceutical. 
z b i n f s t e r  =ore than twice the no=l ly  recoPmZed a c t f v i v  
without s p e c i f i c  approval of the E d i u l  Ridiorruclida Ca=aizto,=, 

Physician:, m y  

. .  
The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier 
w 

K -7 $f 

R. L. Hayes 

C. C. Lushbaugh 

< 
P r o p o s a l w d o e s  not require approval of Committee on Human Studies. 

** 

Human Studies approval granted on 

I O 4 8 b 9 0  
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DES c E I i-'T I cj:! 

Sodiun Iodide 

FDA Sainple Package Insert 

IODIDE I 131 C A F N L E S  P.fiD SOLliTiON THtfViFEUTIC 

131 i s  eva-ili!ble i n  capsules and  aqueous solut ion f c r  

ora l  a2ni:ii s t r a t i o n  . 

ACT I G .: S 

% d i m  Iodcde i s  readi ly  abscrbed from t h ?  S a s t r o i n t s t i n z l  t r a c t .  

Follo:.r-irlq ; . !sorpt ion,  t h e  iodide i s  d i s t r i b u t d  prirneriiy ?iiit.hin thc! 

e x t r a c z l l u i a r  f l u i d  of ti72 body. 

by t h e  thyro id ,  and trrppod b u t  not organified by t h 2  s tomch and 

s a l iva ry  g t w d s .  

-- 

I t  i s  concentrated and organified 

It i s  slso prois2tiy excre ted  ti; tke !;i?ce:ls. A b a i t  

! 
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i n  pat ients  under 30 years of age. 

n o t  be adxinistered t o  pat ients  wiio a r e  prcgnar i t  o r  d u r i n g  l ac ta t icn .  

This rsdiop!iaraaceutic~l a g x t  sh3::1d 

Ideal ly ,  therapy using rad iophar~aceut ica ls ,  Especially t h o s e  e1cct:’vz in 

i i a t u r c ,  of a woman of childSearing capabi l i ty  shouid k p e r f o r r d  lurir;g ct12 

f i r s t  fz;! (spproxiinately 10) d a ~ ~ s  foliGW1’tig t h e  onset o f  nienses. 

Eadic?h;r~aceuticals should be uzed only by physicians who are qual i’fied 

by s3cc i f i t  traii?ing i n  the sa fz  use and h a n d l i n g  o f  radionuclicks ;7TGd!jCe< by 

n x l e a r  reac:oor or p r tSc l  e a c r e l e r s t o r  mi whose expe r i exe  and train’zr; 

ha\;e S?!en a?prcvc;d by t k  appropriate govet-nnent itgoncy atitl-icri,ed t o  i :c?,-:s 

.. 

ut 
Use. Of t*adiGE!JC’l :des. ! 

i 

! 



cnip'loyerl. S L I C ~  pctrt i t ial  side e f f ec t s  -include rsdiat 

3 

large doses are  

cn sickness, i n -  

crease in c l  {nical SyniGt.CinS, bone IriarroW depression, acute leiikmia,  c?nr::ic, 

ehrcscscn~l abnorml  i t i c ,  acute thyro id  criscs, 'b lood  dpscrasi.;, 1 et:%cj- 

pcnia, or thrcmbocytopertia. 

LQ5$,CE F!.2:!? ttIST?.F,TIClll 

For hyportl;yroidism the usual dose range is  4 t o  10 mill icur ies .  T o x f c  

nodular go i t e r  ar;d other special situations will require the use o f  IarSer 

doses. 

I 

I .  
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 fie spec i f i c  yanm rzy c o n s t a c t  for  13'1 i s  2 . 2  R/;;ICi-hr a t  1 cm. T h 2  hs7f 

value iayzr  is  6 mrn o f  PS. 

To cor rec t  for physical decay of  t h i s  radionuclide, the fractfons t h a t  

rerain a i  selected t i ne  intervals  befcre arid af ter  the date o f  calibr-atfen 
I 

are  shown in Tzble 11. 

T&?e 11. Physical Dacay Chart; I 3 ' I ,  hz1f  l i f e  8.05 d3ys. 

Fraction 
Days R m a i  n i  ng 

Fraction 
Days ReiyTi3 i ni ng 

Fracti  oil 
Rczai n i n g  

.195 
* 173 
.164 
. I53 
. i 3 8  
.127 
.116 
. lo7  
.038 
.os3 
.032 
,076 

-7 
- 5  
-3  
-2 
-i 
o* 
1 
2 
3 
4 
5 
6 

1 .e25 
1 .%E3 
1.295 
1.383 
1 .ce9 
1 .oco 

.918 

.842 

.772 

.708 

.650 

.595 

7 
8 
9 

10 
11 
1 2  
13 
14 
15 
15 
17 
1s 

79 
20 
21 
22 
23 
24 
2 5  
36 
27 
28 
29 
30 

"Gal ibratiion day 



lhyroi d 
Tes tes  
@,-, Li . r i  e5 

\ * ! h ~ f  C-bOdy 

35,000 

16 

9.2 
9.3 

1 t+it?c?d of c31 cul a t i o n :  

ESclogically D i s t r i b u t e d  Radionuclides, Supplemai t  No. 1 ,  HIRD pamphlet 

A Schema for Ksorbed-Dose Cal cul a t i o n  for  

I 

I 



MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

74-4 
PERSON SUBMITTING PROPOSAL Dr. C. Lowell Edwards Proposal No. 

DESCRIPTION: 
hyperthyroidism. 
be administered. 

attached. 

1311-sodium iodide as liquid or in capsules for treatment of 
Activities ranging from 1 to 10 millicuries will normally 
Ma or radiopharmaceutical manufacturers have NDA's 

approved by FDA for i 311-sodium iodide. An FDA sample package insert is 

& The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical -/may not be administered to pregnant patient. 
Other: Radiopha=ceutical to be administered in accordance Kith ?:ackage 

insert s u p p l i e d  with the radiopho-ceutical. fhysicians m y  no t  
achinis fet  =ore than twice the nornally recornended activity 
withau t sprcif ic approval of the Nledical Radionuclide Co- t tm,  

0 The Committee disapproves for the following reasons: 
WJ 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier 

C. L. Edwards 

R. L. Hayes 

C. C. Lushbaunh 

% 

Proposal -/does not require approval of Committee' on Human Studies. 
2 w 

Human Studies approval granted on 

f O 4 8 b 9 b  
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FDA Sample Package Insert 

Sodicm I o d i d e  I 131 is  asaili3,ble i n  czpsules and aqueous so lu t ion  f o r  

o r a 1 s disi n i s t r a t i o n . 

Sxii;rm Iodide i s  resdily abscrbx! f rm the S a s t r o i n t S t i n 3 1  t r z c t .  

Foli’cxir,q a b s o r p t i o n ,  t h n  i o d i d e  i s  distribut2d p r i x z r i l y  wit.hin 

ext racz l lu ia r  fluid o f  ti12 body. I t  i s  c o n c e n t r a t e d  and o r g m i f i e d  



.-.. . - ... . 

2 

in pa t ien ts  u n d e r  30 years o f  age. T h i s  radiopf.lzrmaceuticz1 aynnt sho:rld 

n o t  be adninistercd t o  pat ients  who a r e  pregnant or during lac ta t ion .  

Ideal ly ,  therapy using r a d i o ? ~ a r ~ a z 2 u t i c a l s ,  especial !y those e lec t ive  i n  

I I S ~ U ~ C ,  of a woman o f  childbearing capabi:ity shouid be pt'rformed dur ing  2 2  

f i r s t  fe?! (app-oxiinately 10) days f011~! : i f~ ig  the cjnset of nienses. 

Radicpharssceuticals should  be "ked only by physicians who are  qual ifiec! 

'cy s p e c i f i c  t ra ic i f ig  i:i the  safe  use and h a n d l i n g  o f  radioncclides p r c d x d  by 

cccupa t i  m a l  workers. 

t 0 4 8 b 4 8  



I- 

- 3 
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C3S.i EE As F.ci 11 N ISTRF.TI C I  - I 

FrJr !iyF;zrtl;yroidisrn the usual dose range i s  4 t o  10 milf icur ies .  

nodu la r  g a i t e r  and other  special s i tuz t ions  will require the use o f  larger  

doses, 

Tox ic  

~ 

i 
I 

I 
I 
i 

i 
I 

! 
I 

i 
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I 

I 

I the spec i f i c  gamma ray constant for I3'I  is  2 . 2  R/mCi-hr a t  1 cm. The h s ? ?  1 
I va l  ue Ieiyer i s  6 inn o f  Pb. 

I 
To correc t  f o r  physical decsy of this radionuclide,  the fractfons t h a t  I 

rai:?.iq a i  selected time intervals  before 2nd a f t e r  the d a t e  o f  ca l ibra t fc f i  

are shwn i n  Table 11. 

I 

I 

I 
I 
I 

-- Tab le  11. 

D3ys ; ismining Days Resai ai ng  Days 

Physical Decay Chart; 13'1, h z l f  l i f e  8.05 days. 

Fraction F 1-8 c t i o n 
-+ 

-7 
-5 
-3  

Y 
-2 
-1 

c1* 
1 
2 
3 
4 
5 
6 

1 .e25 
1.538 
1.235 
1 .!a3 
1 .oe9 
1 .oco 

,918 
.842 
.772 . i o 2  
.650 
.596 

7 
E 
9 

1 G  
11 
12 
13 
1 4. 
15 
15 
17 
13 

19 
20 
21 
22 
2 3  
24 
25 
26 
27 

29 
30 

za 

Fr-acti on 
E e x i  n i ;I;- 

. i 95 

.I79 . i 6?. 

.? 53 

. i33 
-127 
.I16 
.I07 
.038 
.csa 
-02.2 
.076 

I 0 4 8 1 0 0  
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5 d 

Thyroid 
T e s t e s  O.,-...' t u :  12s 
Who1 e-body 

35, COO 
9.2 
9.3 
76 

I i i iethod of ca lcu la t ion :  A Schema f o r  b,Ssorbed-Dose Ca lcu la t ion  f o r  

Eic'ogi c a i  l y  D i s t r i b u t e d  Gadionucl idzs ,  Supplensnt  KO. 1 ,  MIRD pazi;ph?et 
I 

Yo. 1 3 .  I.!ucl. ?d., p.  7 ,  1968. 

H C 3  SVPPLI ED 
I 

---- 

i 

lO48lO I 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated 

SUBMITTING PROPOSAL Dr* c -  Edwards Proposal No. 74-3 

DESCRIPTION: 
scanning. 
administered; however, for localizing extrathyroidal metastases, up to 1 
millicurie may be administered. Major radiopharmaceutical manufacturers 
have NDA's approved by FDA for 1311-sodium iodide, 
insert is attached. 

1311-sodium iodide as liquid or in capsules for thyroid 
Activities ranging from 5 1  to 100 microcuries will normally be 

A n  FDA sample package 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical -/may not be administered t o  pregnant patient. 
Other: RadiopharPaceutical to be zdninistered i n  accordance with rackago 

insert suppl i ed  with the radiophaxnaceucf csl. Physicians pay n o t  
a h i n f s t e r  more than twice the normally rec-ended a c t i v i e '  
without spacif i c  approval of the Medical Radionuclide Cmmittae, . 

0 The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL 

J, D. Berner 

R. J.  Cloutier 

C. L. Edwards 

R. L. Hayes 

C .  C. Lushbaugh 

ABSENT DATE 

Proposal W / d o e s  not require approval of Committee on Human Studies. 

Human Studies approval granted on 
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FDA Sample Package Insert  

/,CT i 0; !.5 

Sodiurn iodide is  readi ly  a t sc rbcd  f r o m  t i l e  S a s t r o i n t e s t i n a l  t r a c t .  

Fol louing  cbsorption, the  isdid? is a i s t r l i bu ted  priniarily wi th in  tk 

extracellular f l u i d  o f  t h e  body. 

by t h e  t$yro!'d, and trapped bgt not organifid by th5 stsmach and 

s a i i v z r y  $ lands .  

---- 

It i s  concentrated and o r g a n i f i d  

It i s  a l s o  p r o q t l y  e>:crr?teC: by the kidwys. 

' W  

j 

I 0 4 8 7 0 3  
I 
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Radiophirmaceuticals should be used on!y by Fhjsicians ?:ho a re  qua l  ifieLi 
I by speci.ric traifiing i n  the s a f e  use and hndl ing  o f  radionuclides pro- 
I 
i 

I 
i 

duced by nclcl ear  reactor o r  pa r t i c l e  acce?ers tor  er!d whose experience 

and t ra ining have been approved by the appropriate government aGwcy 

I 

I 

i authorized t o  l icense the use o f  radionuclides. i 
I 

I 

PRECAIJTI 0;siS I 

As i n  the  cse of itny other rediczctive rllateriaf care  should be t a h n  

t o  insure ninintun radiation exposure t o  the p3t<er , t ,  ccnsistent : : i t i? 

- 

icdinz in any for;, or by the us2 of thyroid, znti-t t ;yrc)iJ er,d certaSn 



wries  . 
b 

Ttie p a t i e n t  dgse should b s  measured by a s u i t a b l e  r a d i o a c t i v i t y  ca la5 i -a t i9n  

sys tem fmed ic t c ly  p r i o r  t o  a d m i n i s t r a t i o n .  

I o i i n p  131 tixays be b e t a  and g x m a  emissions w i t h  a physical h a l f - l i f s  o f  

8.05 days . 
i a b l e  I .  

1 Photons t h a t  Ere useful Fcr imaging  s t u d i e s  arc l i s t e d  in 
- 

.. - Table I. P:-ir?ci?al Radiz l t icn  Enission Data 

1048105 



-7 
-5 
-3  
-2 
-1 O* 
1 
2 

4 
5 

3 
J 

6 

1 A25 
1.533 
1.235 
1.188 
1.089 
1 .ooo 

.918 

.842 

. 7 7 2  

.708 

.65G 

.596 

7 
8 
9 

13 
11 
12  
13  
14 
15 
16 
17 
i a  

- .54s 
.532 
.461 
-423 
.389 ' .356 
.326 
.239 
.275 
.252 ' 

.231 

.212 

19 
20 
21 

. 22 
23 
24 
25 
26 
27 
28 
29 
30 

"Calibration day 

R.A E I AT I 0 N DOS I '4 ET RY 

Fo71onit;g c r a l  adminis t ra t ion of 1-131 sGdiuii i o d i d e ,  about  SOX c f  t h 2  

a c t i v i t y  has an e f f ec t ive  h a l f  l i f e  o f  0.34 day and 205 has sn e f fec t ive  

h a l f  l i f e  o f  7.61 days. 

doses? to an average pa t i en t  (70 kg)  f r o m  an oral  ciose o i  IGO nicrocuriss 

On this bssis t h e  es t ina tcd  absorbzd rad ia t ion  

- 
. o f  T-131 a r e  shD;.!n i n  ~ z b l e  I I I .  This t a b l e  a l s o  s h o ~ s  t h e  correspor:di:,; 

Table 111. Radiat ior !  Doses . --- 
Tissue 

1 0 4 8 7 0 b  



:i:cihod of ca1 cul a t i o n :  A Scherria for  Absorbed-Dose Cal cu; a t i o n  for G j o -  

l o g i c a l l y  Distributed Rzdionuc:ides, Supplzi i?nnt  No. 1 ,  I4 IRD psniphlet I:o. 

1 , J .  GLIC?  . Wed., p.  7 ,  1968. 

Revised 5/1/73 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL Dr* c= PrOpOSd NO, 74-2 

DESCRIPTION: 1311-sodium iodide as liquid or in capsules to determine thyroid 
uptake and evaluate thyroid function. 
will normally be administered. 
approved by FDA for 131I-sodium iodide. 
attached. 

Activity ranging from 1 to 25 microcuries 
Major radiopharmaceutical manufacturers have NDA's 

A package insert supplied by Squibb is 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical ma$z/may not be administered to pregnant patient. 
Other: 

- .. 
BadiophprP;rceutica1 t o  be adainistertd in accordance w i t &  Fac'kge 
insert  supplied Kith the radioph-ckutical. 
ab in i s ter  =ore than twice the no-lly recamended act iv iq  
without specific approval of the k!edictl Radionuclide Co&tte+. 

Physicians a y  

0 The Committee disapproves for the following reasons: 
bJ 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

w J. I). Berger 

R. J. Cloutier 

C. L. Edwards 

R. L. Haves 

C. C. Lushbaugh 

+h,/7/ 

2/44 

Acknowledgement 

Proposal -/does not require approval of Committee on Human Studies, 

Human Studies approval granted on 
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SQUJBB J3- I70 

IODOTOPE@ 
Sodium Iodide I 131 Capsules U.S.P. 

iodide again become 
again be incorporate1 
glands Iodide and is also the stom ~ o n c  

secretions from these 
stream. Sensitive scai 
tions of iodine also rn 
female-breast (induc 
intestine. Presumabl: 
tions of inorganic ic 
of circulating thy& 

Iodide is ultimate!\ 
amounts are detectal 
are excreted in the n3 
hours after administ 

Diagnostic Oral 
INDICATIONS 

DESCRIPTION 
Sodium Iodide I 131 Capsules U.S.P. contain radioactive iodine 
(Y).processd in the form of sodium iodide from products of 
uranium fission or the neutron bombardment of tellurium. 

PHYSICAL PROPERTIES 
Iodine 13 1 is produced during the fission reaction of Uranium 235 
or the irradiation of tellurium. It disintegrates by a complex decay 
scheme emitting beta particles and gamma rays. The major radia- 
tion energies are 0.36 Mev and 0.61 Mev for the principal gamma 
ray and beta particle, respectively. Iodine 131 has a half-life of 
8.08 days and the final disintegration product is Xenon 131. 

ACTIONS 
Iodine 131 is chemically identical to naturally-occurring stable 
iodine and is handled by the body in the same manner as stable 
iodine. 

The thyroid gland has a high affinity for iodine in the form of 
inorganic iodide. Ingested iodide is rapidly absorbed from the 
intestinal tract and is removed from the blood stream almost 
exclusively by the thyroid cells and the kidneys. It can generally 
be detected in the thyroid within minutes aker oral administra- 
tion. The normal thvroid concentrates approximately 20% of the 

Iodotope (Sodium Io 
use in performance 0' 
evaluate thyroid funl 
scintillation scannint 
in localizing metast; 

WARN I NGS 
Radiopharmaau tica 
qualified by specific I 

radioisotopes and v 
approved by the apl 
to license the use of 

Radiopharmaceuti 
less than 18 years oi 
the hazards. 

Since iodide is exci 
besubstituted forbre 
to the mother durin 
Usage in pregnant 

be administered tow 
pregnant or during 
tional and the need f 
risks from the radia 
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with radioiodine for hyperthyroidism, but the tests should be 
interpreted with caution, particularly if the results do not agree 
with clinical evidence. Both falsely elevated and falsely depressed 
uptakes have been known to occur after radioiodine therapy, 
regardless of true thyroid status. Such tests should therefore nor 
be used as the sole basis for determining either the need for addi- 
tional doses of I3’I or the need for replacement therapy. During 
the course of treatment for hyperthyroidism, a chemical deter- 
mination of the serum PBI and a basal metabolism test are sug- 
gested in conjunction with the thyroid uptake test. A chemical 
determination of the serum PBI may be the most reliable labora- 
tory test for the detection of late-onset hypothyroidism several 
years after therapy. In any patient treated with radioiodine, the 
clinical state is probably the best indicator of thyroid status., 

Renal impairment may decrease urinary excretion of radio- 
iodine and increase its levels in the plasma, thyroid, and feces. 
but it  docs not usually affect 24-hour uptake studies to a signifi- 
cant extent. Mercurial diuretics seldom influence the uptake test. 
Malabsorption states and other gastrointestinal disorders have 
little. if any, effect on thyroid uptake of I3’I. However, thyroid 
uptake of radioiodine may be markedly increased in chronic 
cirrhosis, possibly because of a dietary deficiency of the element. 
Congestive heart failure may decrease uptake of radioiodine 
while cardiac patients on low sodium diets may show elevated 
uptake. 

While thyroid uptake of radioiodine is generally not altered 
by small daily fluctuations in iodide intake derived from fooods, 
it will be significantly changed by recent administration of drugs 
or other preparations containing iodine in any form, by thyroid 
and antithyroid drugs, and by many other compounds. Even 
though such preparations may not influence thyroid function, 
they will invalidate 13’1 uptake test results and may alter other 
thyroid function tests as well. The patient should therefore be 
questioned carefully regarding previous medication. The follow- 
ing substances may alter the uptake of l 3 I J  by the thyroid: 

Iodine preparations for internal or external use such as solu- 
tions. ointments. or tinctures of iodine or iodides 

Radioiodine preparations given either diagnostically or thera- 
peu tically 

Asthma and cough preparations containing iodine 
Vitamin-mineral preparations containing iodine or vitamin A 
Antiparasitic drugs such as diiodohydroxyquin or iodochlor- 

Cod liver oil preparations Thyroid and antithyroid drugs 
Iodized d t  p-aminu benzoic acid 
Radiographic con1r;Lst media p-aminosalicylic acid (PAS) 

hydroxyquinoline 

Corticosteroids Estrogens 
Thiopental Progesteron 
Sulfobromophthalein Phenylbu ta 
Cobalt, mercury. and other Rcsorunol 

heavy metals Suntan loti1 
NOTE: It is difficult to estimate how Ion 

mentioned compounds will continue to af t  
tests. In general, the effect of inorganic iodi 
will persist for several weeks, although in 1 
iodine turnover rate may be high enough tc 
time somewhat. On the other hand, the mt 
and excretion rates of iodine present in org: 
highly variable and these compounds can ai 
tests for extended periods of time, some et 

Medication such as perchlorates or thiocy. 
iodine concentration by the thyroid, or anti 
prevent the formation of thyroid hormon 
bound” phenomenon. with a period of ex. 
following the initial suppression of upta 
phenomenon may also occur following tI 
desiccated thyroid or synthetic thyroid prc 
after cessation of iodine medication: with 
bound” may be delayed at times or may I 

If the patient has recently received a pi 
radioiodine (e.g. radio-iodinated serum albi 
bengal. etc.). a count should be made over 
to the administration ofsodium iodide I 131 
uptake test. The test should be postponed i l  
the count indicates low residual activity. I 
per minute should be recorded and the thyr 
in computing the thyroid uptake of 1311. th 
be corrected for further decay and then 
thyroid uptake data. 

Information regarding factors that ma 
of the results of thc radioiodide uptake I 
function tests is contained in various ref1 

DOSAGE AND ADMINISTRATION 
Dosage depends on the instrumentation i 

nique employed. Radioiodide thyroid 
require doses of I3’I ranging from 1 to 
tional procedures, which may be perfor 
concurrently, often provide useful con 
regarding the status of thyroid function. TI 
tion of urinary excretion of ld l I .  measure 

,nnr\ -o* i  f h m  ni+~,c~irpmp“l of tht 



7 

tion of primary thyroid malignancies. The usual dose for thyroid 
scanning is 50 to 100 microcuries of sodium iodide I 131. Doses 
of several hundred microcuries are usually required for the locali- 
zation of metastases associated with thyroid malignancies. 

Dosimetry 
Seltzef calculated the average radiation doses that would be 

delivered to the whole body and the thyroid in patients of various 
ages following the administration of sodium iodide I 131 for 
thyroid function studies. The calculations are based upon the 
following assumptions: 1) the sodium iodide I 131 is completely 
absorbed following oral administration, 2) except in the case of 
newborns, 3036of the administered nuclide is metabolized by the 
thyroid; the thyroid uptake and percent of nuclide metabolized 
in newborns is higher. 3) radioiodide not taken up by the thyroid 
is rapidly excreted by the kidneys (biological half-life of IO 
hours), 4) the radioiodine concentrated in the thyroid has a 
biological half-life of about 50 days in the normal adult, 5 )  after 
a short time the thyroid contains 87% of the administered dose of 
radioiodide with the remainder of the body containing the other 
13%,6) absorption. thyroid uptake, and distribution of the nuclide 
are instantaneous, and 7) the thyroid mass is considered as a 
single sphere located in the midline of the neck. 

The radiation dose to the rhyroid is calculated solely from the 
lrll that is within the gland. The dose delivered to the whole 
bodv is the sum of the radiation dose delivered by: I) the beta 
and gamma radiation from lS1l not taken up by the thyroid and 
thus rapidly excreted, 2) beta and gamma radiation from the 
fraction of radioiodine in the organic form (biological half-life 
of 50 days), and 3) gamma radiation from I J ' I  within the thyroid. 
The calculated average radiation doses (per microcurie of 
sodium iodide I 131 administered) delivered to the thyroid and 
the whole body of suhjects of various ages are presented in 
Table 1. 

TABLE 1 

Age Average dose to the thyroid Average whole-body dose 
(rads/microcurie) (rnillirads/microcurie) 

~ 

Newborn 32.0 
1 year old 10.0 
5 years old 4.3 
10 years old 3.1 
15 years old 1.7 
Standard man 1 3  

10.0 
2.0 
1.3 
0.81 
0.53 
5.45 

D t , s . y l = W  (73.8€, +O.O34xg> 
where: 
D,,,. , , =total absorbed dose from 

radiation (rads per pCi aci 
T(eQ =6days 
m =30grams 
E, ~ 0 . 1 7 8  Mev/disintegration 
g = 14.6 
k -2.18 roentgenslrncilhr. (I 

m 

Riccabona' calculated the radial 
thyroid following the administratior 
with different sized thyroids in varit 
tion. The status of glandular functio 
tion since this affects the percentagc 
of radioiodine turnover which in I 
half-life of '"1 in the thyroid gland 
radiation dose delivered to the th 
thyroid function following the adms 
of Iodine 131: 

TABLE 

State of thy Weight of % 
roid function gland (g.) Uptake I 
Normal 20 20 
Thyrotoxicosis 70 70 
Hypothyroidism 10 10 

The absorbed dose by the thyroil 
any other body tissue. Pochin" rei 
curie of I r l I  ingested. approximatel! 
be absorbed by the blood and 
delivered to the salivary glands. 
hreast. and certain joint cavities 
temporarily concentrated. 

HOW SUPPLIED 
lodotope (Sodium Iodide 1 131 C 
available in several potencies. Cr 
package of diagnostic capsules are 
activity at the time of administr 
niultiplying the assay value stated 
nrinte factor fmnd in Table 3. I 
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TABLE 3 

Pre-Calibration 
Decay Factor 

1.089 
1.187 
1.293 
1.409 
1.535 
1.673 
1.823 
1.986 
2.164 
2.358 
2.569 
2.799 
3.050 
3.324 
3.621 
3.946 
4.299 
4.686 
5.104 
5.561 

Post .Calibration 
Decay Factor 

,9177 
,8423 
,7730 
.7095 
.6512 
,5976 
.5485 
.5034 
.4620 
.4240 
.3892 
.3572 
.3278 
.3008 
.2761 
.2534 
.2326 
,2134 
.1959 
.1798 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL c* Edwards Proposal NO. 74-1 

DESCRIPTION: 
in the intestine, particularly for the diagnosis of pernicious anemia. 

57Co-vitamin B12 for the determination of vitamin B12 absorption 
Normally 

activity ranging from 0.5 to 1.0 microcuriewill be administered. 
pharmaceutical manufacturers have NDA' s approved by FDA for 57Couitamin B12. 
FDA sample package insert is attached. 

Major radio- 

The Committee approves with the following limitations: 
Radiopharmaceutical may/- be administered to patients under 
18 years of age. 
Radiopharmaceutical -/may not be administered to pregnant patient. 
Other: Ez2io?haraa.=eutical t o  be zc!=inistered in zccardance wttb gzck2g.a 

insert suppli'ed v i t h  the r a d i o & a ~ c e u t i c a l -  Yhysiciers -sy c o t  
rbinister more than twice t he  noL-;clly recomecded activic7 
without s p o c i f  ic zpprovzl of t;?e I k d i c a l  Hadioauclide C G Z I t t e s ,  

The Committee disapproves for the following reasons: 

MEMBER APPRLVAL DISAPPROVAL 

J. D. Berger 

R. J. Cloutier 

C. L. Edwards 

R. L. Hayes 

- C. C. Lushbaugh 

c 
00 
35 Acknowledgement of Submitter - 

ABSENT DATE 

Proposal *does not require approval of Cornittee on Human Studies. 
4 - 

Human Studies approval granted on 



FDA Sample Package Inser t  
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Cyanccobalarnin is  a s t e r i l e  pyrogen--rree sqtieous solut ion or a czpsufc ~7 

r a d i c a t i v e  cysnccobalmiri (vitamin B-12) .labeled with Co 57 o r  Co 63. 

s o l u t i o n  is made i s o t c n i c  with s s l i n e  arid nay contail: a sui table  przservaci-?. 

T i x  
. .  

ACTIO% -- 
Orally adninis tered cyanocobalanin i s  normally coaplexed t o  intrifisis 

f a c t o r  and absorbEd by thc  d i s t z l  i ieuin. 

F O ? ? O i < i ~ ~  parenteral  cdministration cyarmobalamin i s  bourd t o  p!as;rs 

prsteitx al:d d i s t r i b u t e d  t o  t h E  1 iwr  and b lood- fo rz i i rq  organs.  

I i ; G I CAT I 0:; S 

Cysrxobalanin Co 57 - Co 60 is  used f c r  diagnosis c f  tVdfsonian (poi-nici:::: 

1 
I 

I 
I 
! 

i 
I 

! 

. 
-W 
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I 

i 
1 

' !  
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n,;.JioyJfi;:rrr~.cci!tical s ShoI l ld  bt. used only by physicizm who are q u a l  ifi.3 

!.,y s p a c i f i c  training in t h e  safe  use and h a n d l i n g  o f  radiotiucliacs prQ- 

ciilced by nuclear r e a c t o r  o r  pa r t i c l e  acce lera tor  and : h o s e  exper e x i ?  an3 

t r a i n i n g  have been approved by thc sppropr ia te  governnien t agency ayth:.rize: 

t o  l i c e a s c  t h ~ !  use o f  radionccl ides .  

d 

- F 2 C CPJT I 0 li 5 

As i n  t he  use o f  any o t h e r  radioact ive material  c a r e  shcti ld be tsken t o  

insure  ninimum radia t ion  exposure t o  the p a t i e n t ,  consistent w i t h  prcper 

patisnt fi:acz:einent, and  t o  insure minirum rad ia t ion  exposure t o  occ!~;ie- 

tiona: xcrkrs. 

Th-2 t es t  shoiild not be s t z r t e d  within 24 hcurs of a therapeut ic  dose 

1 0 4 8 7 1 5  
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P;1Y S I C P i  C!~AI?AC;TEF!J STICS 

C o b a l t  - 57 ascays by electran captvre with a pl iysical  half  l i f e  G f  

273 days. The primary gar;na er;c:-gy of Co 57 i s  122 KcV. C c b a l t  - 50 

d e c a y s  by beta and g a m a  miss ions  w i t h  a physical half i i f e  o f  5.26 

years. Photons  t h a t  are  useful for :'ni.,git:g studies  a re  listed in T ~ ; b l o  I . ]  

Table I .  Prsncipal Radiation Emission Data 

-- Radiation Ilea n Z/d i s i n icg r a  t i on k i n  E n e r z  
( g e V ) * ? V )  

co 57 Gama -2 
G Z M R ~  -3 

87.1 
9.6 

12? .9 
136.3 

J. R u c ~ .  Med., p .  27, 1959. 

The specSfic ga.x.a ray ccnstcn: f c r  Co 57 is l.0 R/sCi-hr at ? ::I. 

To correc t  for physical decay o f  t h e s e  radionuclides, t h z  f r a c t i o n s  t i : ? i*  

reicafn a t  selected t i r e  int;.rv,:is h2f~i.e 2c< aft.? tk-. day o f  calf?r?:ic:? 

1 
# 

i 

i 

i ' 1 0 4 8 1 1 b  
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T.;:I>le 11. Physical Dxay Ct ia r t :  Co 57 k l f  l i f e  270 d a y s ;  Co 69, 

hz1-F l i f e ,  - 5.26 j’esrs 
--’-- -.- 

---- 

Fraction Frac’ii on 
R e m  i n i ng Days Rem i n i  ng 

- co 57 co 50 co 57 Co 63 

Days 

-1 5 
-1 0 
- 5  

0” 
5 

10 
15 
30 
45 

1.039 
1.025 
1.013 
1.090 

.975 

.962 

.926 

.a91 

.9a7 

1 .OO5 
1.004 
1.002 
1 .ooo 

.998 

.336 
,995 
.989 
.984 

60 
75 
90 

105 
120 
135 
150 
165 
180 

.857 

. e25  

.794 

.764 

.735 

.707 
,680 
.654 
.630 

.979 

.973 

.563 

.963 
,358. 
.952 
.947 
.9$2 
.937 

*Calibration day 

?J CI AT 1 C;:i D9S II:ET2Y 

The estirnaizd absorbed r a d j a t i o n  dosisf to 2t-1 average p a t i a n t  (70 k5) 

from an intravenous adninistration of 1 microcurie or” Co 57 or Co 60 

Vitazin 812 are  s k w n  i n  Tab12 111. 

- 

t 
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will  dzcrease t i l e  dose t o  the l-iver, gonads, arid whole-My from CO 57 

and Co G O  by about 302. 

1ii12thod o f  ca lcu la t ion :  

Eioloyical ly  Distributed Radionucl ides ,  Susplemeiit I h .  1 , LIIRD 

pai;lphlEt F!o. 1 ,  3 .  rlucl. Xed., p .  7, 1953. 

A Scherna for  Absot-bed-Dose Calculation f o r  

- H0!4 SUPPL I ED 

Revised 5/1/73 
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APPLICATION FOR THC, USE OF HU?l;t'r:S bS EXPEKIXENTAL SLJBJECTS 

W' 
'1'0 : 

W 

COIEIITTEE ON 1 I W N  STUDIES 
Oak Ridge Associated U n i v e r s i t i e s  and 
Oak Ridge Xat iona l  Laboratory 

Date: Novexber 28, 1973 

P r i n c i p a l  Inves  t i g z t o r  : Franc i s  A. Goswit z , 14. D. 

Co-Inves t iga tors  : 

T i t l e  of P r o j e c t :  Comparison of Indiun-111 Chlor ide  and Indiun-111 S u l f u r  
Co l lo id  i n  Evalua t ion  of Bone Marrow Disorders  

I. Objec t ives  o f  Experiment 

A. Purpose 

The o b j e c t i v e  is t o  determine which egent  is  s u p e r i o r  o r  whether  3 0 t h  
q e n t s  are necessary  t o  e v a l u z t e  p a t i e n t s  w i t h  bone marrow d i s o r d e r s  
2:: p o t e n t i a l  narrcw abnorma l i t i e s  b e f o r e  and a f t e r  t r e a t n e n t  of  t h e i r  - = -. -Lri!ary d i sease .  

B. Bsckground Informat ion  

The inarrow can b e  scanned b l a b e l i n g  t h e  r e t i c u l o - e n d o t h e l i e l  sys tem 
with r d i o c o l l o i d s  (e.g. 19ii,) o r  by l a b e l i n g  t h e  e r y t h r o n  w i t h  52Fe. 
The '''Au c o l l o i d  i s  u s u a l l y  uniform i n  s i z e  b u t  p r e s e n t s  a r a d i z t i o n  
hazard  t o  t h e  l iver;  9 9 9 c S  c o l l o i d  is  a l a r g e r - s i z e  p a r t i c l e  and o f t e n  
accumulates  i n  t h e  l u n g  making i n t e r p r e t a t i o n  between r i b  an 
d i f f i c u l t .  Product ion  p r o b l e m  znd a s h o r t  h a l f - l i f e  nake 54Fe unavai l -  
a b l e  f o r  r o u t i n e  use .  Iron-59 i s  u n s u i t a b l e  f o r  conven t iona l  i nag ing .  
Indium-111 , which b i n d s  t o  t r a n s f e r r i n ,  possesses  i d e a l  p h y s i c a l  ar.d 
r a d i o b i o l o g i c a l  c h a r a c t e r i s t i c s  as a t r a c e r .  F a r r e r  and a s s o c i e t e s  . 

fcund s e l e c t i v e  uptake by bone marrow f r o n  l l l In - t r ans fe r r in  t o  3e 
f a r  s u p e r i o r  t o  those  of  99mTc S c o l l o i d  i n  h e n a t o l o g i c a l l y  n c r n a l  
p a t i e n t s  (J. Nuc. Ned 13:  429, 1972 b s t r a c t )  . L i v e r  and s p l e e n  
v i s u a l i z e d  poor ly  sugges t ing  t h a t  I1'In wzs not  l a b e l i n g  the r e t i c u l o -  
e n d o t h e l i a l  system. Non-red narrow of t h e  bones b r a s  a l s o  poor ly  
v i s u a l i z e d .  The t racer  disappeared from t h e  plasma w i t h  a n e t  h a l f -  
t ine  of about 11 hours ,  cons iderably  longe r  thm t h e  normal h a l f -  
d i sappearance  time of 1-2 hours  for r a d i o a c t i v e  i r o n .  There W B S  no 
i n c o r g o r a t i o n  of t h e  t r a c e r  i n t o  e r y t h r o c y t e s  up t o  96 hour s  ( c z r t a i n l y  
some r a d i o i r o n  is  u t i l i z e d  n o r m l i z ~ d  by 96 h o u r s ) ,  b u t  then  i t  ap?ezrcd 
i n  c i r c u l a t i n g  e rhy th rocy te s  and l eukocy tes ;  w h i t e  blpod c e l l s  do n o t  
i n c o r p o r a t e  s i g n i f i c a n t  amouqts of r a d i o i r o n  ( F a r r e r ,  American S c c i e t y  
of Hematology program, p.  56,  a b s t r a c t  70 ,  1972) .  

l u n g  uptake 

1 0 4 8 7 1 9  
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L i l i c n  e t  a1 (J. Wucl . Ned. 1 4 :  154-186, 1973)  a l s o  f e l t  indicm-111 
c h l o r i d e  had s e v e r a l  p r o p e r t i e s  i d e a l  f o r  marrow imaging and t h a t  
i o n i c  indium, metabol ized s i m i l a r l y  t o  i r o n .  IJinen i n j e c t e d  i n t r a -  
venously a t  a c i d  pH, indium b inds  v i r t u a l l y  q u a n t i t a t i v e l y  t o  
t r a n s f e r r i n  and appears  t o  compete wi th  i r o n  f o r  t h e  same b inding  
si tes.  Reported average plasma h a l f - t i n e  d isappearance  va lues  
ranged f r o n  6-10 hours ,  a l s o  longe r  than  r ad io i ron .  
t h a t  indium is  a c t u a l l y  inco rpora t ed  i n t o  t h e  n e t a l l o p o r p h y r i n  i n  t h e  
p l a c e  of  i r o n .  

,dd-d 

They suggested 

11. Xethods of  Procedure : 

The "'In c h l o r i d e  i s  supp l i ed  i n  d i l u t e  hydroclt l o r i c  a c i d ,  approx ina te ly  
0.03 N H C 1  f r o n  t h e  Oak Ridge Nat iona l  Laboratory o r  as a rad iophar inaceut icz l  
from a c o m e r c i a l  manufacturer  (Medi-Physicis, Inc. o r  New England Kuclear). 
I f  t h e  agent  is  ob ta ined  as a radiochemical ,  t he  product  w i l l  be  s t e r i l i z e d  
by au toc lav ing  and ? f i l l i p o r e  f i l t r a t i o n ,  rad ioassayed ,  and t h e n  i n j e c t e d  
in t r avenous ly  i n  a dose of 0.5-2 mCi p e r  p a t i e n t .  I f  i t  is ob ta i ced  as a 
r a d i o p h a m a c e u t i c a l ,  t h e  compound w i l l  be i n j e c t e d  as a l r e a d y  prepared  a t  
i t s  a c i d  pH. 

The "'In s u l f u r  c o l l o i d  w i l l  b e  prepared  by conver t ing  t h e  c h l q r i d e  t o  the 
s u l f u r  c o l l o i d  by t h e  sodium t h i o s u l f a t e  method us ing  t h e  sa= "Et" procedure  
now used i n  the p r e p a r a t i o n  of 99ryTc s u l f u r  c o l l o i d  from p e r t e c h z f z z t e .  I f  
the  t h i o s u l f a t e  method fa i l s  t o  provide  a s a t i s f a c t o r y  r ad ioco l l aL2 ,  Fe w i l l  
u s e  t k e  hydrogen s u l f i d e  method as developed a t  Brookhaven N a t i o c e l  La5oratory 
(W. Z a s e r  e t  a l :  Mei-7 York S t a t e  J .  Med. 70: 848-854, 1970) o r  ES p r e v i o u s l y  
p.=f-=--1,d by Hayes and h i s  group a t  t h e  O M U  Kedical  Div is ion .  P icsky  and 
cz-z-z.3grs (Southern Ned. J. Proceedings of Southeas te rn  SOC. N. :.led. Xezting 
X G F - ~ Z ~  1-4, 1972) found s u l f u r  c o l l o i d  prepared by the hydrogen s u l f i d e  
n s t k s c  t o  be s u p e r i o r  i n  r e t i c u l o e n d o t h e l i a l  marrow uptake t o  sulfur c o l l o i d  
p reps r sd  by t h e  sodium t h i o s u l f a t e  method. 

Total-body r e c t i l i n e a r  scans  w i l l  be  performed about  15-60 minutes a f t e r  
i n j e c t i o n  of t h e  l l l I n  c h l o r i d e .  
b e  done 24 hours  a f t e r  i n j e c t i o n  o f  t h e  dose.  
in p a t i e n t s  w i t h  a v a r i e t y  of marrow d i s o r d e r s .  
r e d i c i n e  s t a f f  u ld  t h e i r  commitments t o  o t h e r  s t u d i e s ,  t h e  tin2 t o  a c c o z p l i s h  
t h i s  work would r e q u i r e  a t  l ea s t  12  and p o s s i b l y  18 months. 

The indium-111 s u l f u r  c o l l o i d  scan w i l l  
We a n t i c i p a t e  doing 100 scans  

With o u r  p r e s e n t  n u c l e a r  

I n  10 p a t i e n t s  e x t e r n a l  organ count ing ,  whole-body r e t e n t i o n ,  and blood 
sarqles c o l l e c t e d  a t  112, 1, 2 ,  4 ,  8, and 24 hours ,  5 and 1 2  days,  w i l l  be 
done t o  conpare d i s t r i b u t i o n  and d isappearance  t ims w i t h  the two agen t s .  

- 
0 
J= 
cp 
J 
(43 111. f o s s i b l e  Hazards and T h e i r  Evalua t ion :  
0 

L i l i e n  s t a t e s  t h a t  p r e l i n i n a r y  dosmetry c a l c u l a t i o n s  accord ing  to  Grshai-7 
i n d i c a t e s  a dose of 3 . 6  rads/mCi t o  marrow, 4.5 r a d s / z S i  t o  t h e  ltvzr, 2nd 
G . 5  r a d l m C i  t o  t h e  t o t a l  body (J. Kuc. Xed. 1 4 :  156 ,  1973) .  These c a l c c l z z i o x  
are bcsed on h igh ly  consesva t ive  e s t i n a t e s  of  t h e  b i o d i s t r i b u t i o n  of ind5c! ,  
studies of  ~ r h i c h  are  be ing  undertzken.  Indiun-111 h a s  a p h y s i c a l  3 d r - l i f s  
of 2.8 d a y s .  I t  decays by electrccn czp tu re  wi th  the  erxission of t:.io g3y.r.z 
photons,  173 Kev (59% p e r  d i s t i n t e g r z t i o n )  and 247 Kev (96% p e r  d i s t i n t e g r a t i o n ) .  
I t  i s  prcduced by p ro ton  3or?.5arJnent of enr iched  l1'Cd a t  03k.Ridge X a t l c z a l  
L:%oratory a i d  supp l i ed  t o  t h e  Yledical D iv i s i cn  f r e a  of c a d d m  i n  t h e  c z ~ r i z r -  
f r e e  forn.  

I w 
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The proposed dosage f o r  both  indiua-111 c h l o r i d e  and s u l f u r  c o l l o i d  t o  
t h e  p a t i e n t  w i l l  be  0.75 nCi/P12 body surface- area. Eoth agents  zill be 
admin i s t e red  i n t r a v s n o u s l y .  
t h a t  t h e  t o t a l  dose i n j e c t e d  would be 1 . 2  Z i l l i c u r i e s .  

u 
Standard  man i s  a p p r o x i m t e l y  1 .6  3' s o  

So r e p o r t s  can  b e  found i n  the  l i t e r a t u r e  p e r t a i n i n g  t o  the  organ 
d i s t r i b u t i o n  of  1 1 l I n  s u l f u r  c o l l o i d .  
d i s t r i b u t i o n  as r a d i o c o l l o i d  o r  T c  S c o l l o i d ,  then  approxi- 
n a t e l y  80% would d i s t r i b u t e  t o  the l i v e r .  (Goodwln, Nucleonics ,  Nov. 
1966) .  
rads/mCi ' 1 3 ~ I n  adminis te red .  
30 days. 

4 Jmi t  f o l l o v s  t h e  sane 

H e  estimates t h a t  t he  r a d i a t i o n  dose t o  t h e  l i ve r  is -9.55 
The b i o l o g i c  h a l f - l i f e  i s  appros tna te ly  

IV. Radio iso topes  and New Drugs: 

KO new r a d i o i s o t o p e s  o r  new drugs are reques ted .  
the uses  of  111In  su l fur  c o l l o i d  i n  p a t i e n t s  have appeared i n  the  l i t e r a t u r e  
t o  my knowledge, b u t  113mIn c o l l o i d  has  been sho-m t o  b e  an a t t rac t ive  l i v e r  
and s p l e e n  scanning  agen t .  
pha r r r aceu t i ca l  for l iver  scanning ,  Nucleonics ,  Nov. 1966) (Eotchen and 
Adatepe: L i v e r  and Spleen  Sc in t i s cann ing  w i t h  113m-Indium: A C l i n i c a l  
P a t h o l o g i c  C o r r e l a t i o n ,  An. J. Roentgcnol. 106: 739-744, August 1969). 

No r e p o r t s  r ega r s ing  

(Goodwin, S t e r n  and Wagner: A new radio- 

2 

.. 7 . $  2.s 
? -<." 

V. R e s p o n s i b i l i t y  of P r i n c i p a l  I n v e s t i g a t o r :  

i /  The 5 z m  ORAU consent  form as i s  requ i r ed  f o r  o u r  o t h e r  e x p e r i r s n t a l  
ag- r rs  w i l l  be u s e d h  this s tudy  t o  o b t a i n  approval  from t h e  pa t i e r i t .  

S t a r t i z z  :ate: January  1, 1974 

S i g n a t u r a s  : . %2.&hUA 1 r Q. ~~~~~, ?;i> P r i n c i p a l  I n v e s t i g a t o r  

i;) Co-Invest igator  

Co-Invest igator  

Co-Inves t i g a t  o r  

DIVISION REVIEW: 

The a p p l i c a t i o n  desc r ibed  above has  been reviewed and approved. 

S igna  : u r e- 

T i t l e  

I n s  t i  t u t i o n  

Date 
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MEMORANDUM 

I s o t c p e  C o m i t t e e  November 28, 1973 DATE 

CO".ARISON OF INDIUM-111 CHLORIDE AND I N D I U N - 1 1 1  SULF'UR COLLOID I N  EVRLUATIO!? - ' 
u 
SUBJECT 

OF BOLT FURROW DISORDERS (See proposa l  on t h i s  t op ic  submit ted t o  Human Use C o n d t t e  

1. Proposa l :  

t o  be f a r  s u p e r i o r  t o  those  of g5?'c S c o l l o i d  i n  hemato logica l ly  normal p a t i e n t s  (J. Yucl. 
- Med. 13: 429, 1972 ( a b s t r a c t ) ;  Blood, December 1972, American SOC. Hematology ( a b s t r a c t ) .  
L i l i e n  and co-authors (J. N u c l  bled. 14: 184-186, 1973) confirmed t h i s  f i n d i n g  and r epor t ed  
on t h e  va lue  of  l l lIn-chloride as a new agent  f o r  bone marrow imaging. Our proposed s tudy  
is t o  d e t e r v i n e  whether l l lIn-sulfur c o l l o i d  is s u p e r i o r  as a scanning agent  o r  whether 
both agents  are necessary  t o  e v a l u a t e  p a t i e n t s  w i th  bone marrow d i so rde r s  be fo re  and a f t e r  
t reatment of t h e i r  pr imary d i  ease. 
system of t he  bone marrow, l l ' In-sulfur  c o l l o i d  t h e  r e t i cu lo -endo the l i a l  system. 

F a r r e r  and a s s o c i a t e s  found elective uptake by t h e  bone marrow from '''In - t r a n s f e r r i n  

111In-chloride supposedly l a b e l s  t h e  e r y t h r o p o i e t i c  

2. Radioisotope:  
It decays by e l e c t r o n  cap tu re  w i t h  t h e  emission 

of two gamma photons,  173  Rev (89%/dis in teg)  and 247 Kev (94%/dis in teg . ) .  It may be 
suppl ied  t o  the Medical D iv i s ion  f r e e  of cadmium i n  t h e  c a r r i e r - f r e e  form from the  Oak Ridge 
Nat iona l  Laboratory where it  w i l l  b e  produced by p ro ton  bombardment of enr iched  l l lCd.  
may also be  ob ta ined  commercially as rad iop ta rmaceu t i ca l s  from e i t h e r  Medi-Physics, Inc.  

\w 

Indium-111 has a h a l f - l i f e  of 2.8 days.  

I t  

New England Kcclear Company. 

3. Chemical F : x :  

The isotc;r- ;ill be  rece ived  i n  t h e  c h l o r i d e  form i n  d i l u t e  HC1. Both F a r r e r  a t  
Montreal and L2.lian a t  UCLA i n j e c t e d  l l lInj-iploride in t ravenous ly  i n t o  humans a t  an a c i d  
pH. We propose t o  do t h e  same. With t h e  In - su l fu r  c o l l o i d  w e  would f i r s t  t r y  t o  prepare  
t h i s  a g e c t  by the sodium t h i o s u l f a t e  "kit"method as i n  t h e  case of 9 9 9 c  S c o l l o i d ;  i f  t h i s  
p r e p a r a t i o n  is u n s a t i s f a c t o r y ,  then  we w i l l  a t tempt  t h e  hydrogen s u l f i d e  method of t h e  
Brookhaven p r o t o c o l  modified by Hayes and h i s  group. 

,, 

4. Adminis t ra t ion :  

In t ravenous  i n j e c t i o n  using t h e  same technique as employed now f o r  admin i s t r a t ion  of 
99mTc S c o l l o i d .  

5. Dosage: 

We propose 
from 0.5-2 nCi p e r  p a t i e n t .  I f  t h i s  dose i s  too low, then i t  w i l l  be doubled i f  p o s s i b l e  
i n  s m e  p a t i e n t s  provided t h a t  t h e  p a t i e n t  has a d i s e a s e  which w i l l  accept  t P L s  amount of 
increased  r a d i o a c t i v i t y .  

F a r r a r  used 1-2 m C i  of l ' l I n2ch lo r ide  b u t  L i l i e n  i n j e c t e d  2-5 m C i  i n t o  each p a t i e n t .  
a doss  of 0.75 m C i / M  body s u r f a c e  area which means i n i t i a l l y  a dose r z g e  

6. Experimzntal  p r o t o c o l :  

a.  SUIT^ and s e l e c t i o n  of p a t i e n t s :  100 scanning s t u d i e s ,  d iv ided  between those -7 
having p o s i t i v e  and nega t ive  l l lIn-chloride and l l lIn-sulfur c o l l o i d  scans.  
Ten p a t i e n t s  vould be s t u d i e d  w i t h  e x t e r n a l  organ count ing (heart, l i v e r ,  sp lezn ,  
sacrum) , b l o o d  sampling a t  1, 2 ,  4 ,  8 ,  and 24 hour s ,  5 and 12  days t o  eva lua te  
p l a s m  disap2earance and r ed -ce l l  u t i l i z a t i o n ,  and whole-body countiEg t o  de t e rc ine  
t o  t al-body re t e n t  i on .  

t 

u 

IO48122 
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'U 
b. Durat ion of s t u d i e s :  12-18 months w i t h  o u r  pesent  nuc lea r  medicine s t a f f .  

c. Type and frequency of assay:  See 6a  above. The u r i n e s  and s t o o l s  w i l l  no t  
r e t e n t i o n  less than  80% by 10 days. b e  c o l l e c t e d  un le s s  w e  f i n d  total-body 

Wochner and coworkers i n  a s tudy  f o r  e s t ima t ion  of plasma voluaie wi th  t h e  
u s e  o f  indium-l l3m-transferr in  found l i t t l e  indium w a s  exc re t ed ,  11% i n  
t h e  u r i n e  and 4% i n  t h e  f eces .  (J. Lab. Cl in .  Med. 75: 711-720, 1970).  

d. S p e c i a l  procedures:  
L i v e r  and sp leen  s c i n t i p h o t o s  w i k h  the Anger camera w i l l  be  reques ted  i n  
all s t u d i e s  since t i m e  w i l l  no t  permit  always t h e  obtainment of r e c t i l i n e a r  
scans .  

Whole-body scans  will b e  performed i n  all s t u d i e s .  
9 

7. D i s t r i b u t i o n  S tud ie s :  

F a r r e r a d  his  a s s o c i a t e s  found t h a t  indium-111 c h l o r i d e  disappeared from t h e  plasma 
w i t h  a n e t  half- t ime of about  11 hours .  Tile plasma disappearance curve had two exponetii l  
components, an i n i t i a l  one w i t h  a half- t ime of about  4 hours  followed by a slow conponent 
w i t h  a half- t ime of about  30 hours .  
cy tes -up  t o  96 hours .  The l iver  and s p l e e n  were poor ly  v i s u a l i z e d  according t o  F a r r e r ,  

b u t  t h e  l i v e r  on the two i l l u s t r a t i o n s  i n  L i l i e n ' s  art icle w a s  wel l -visual ized.  
i n f o r m a t i o n  has been r e p o r t e d  t o  my knowledge invo lv ing  t h e  d i s t r i b u t i o n  of indium-111 
s u l f u r  c o l l o i d  i n  man; w e  are assuming t h a t  i ts  d i s t r i b u t i o n  w i l l  s imu la t e  o t h e r  radio-  
c o l l o i d s .  

a? Radia t ion  9 s ~ :  

There w a s  no i nco rpora t ion  of t h e  t r a c e r  i n t o  e ry thro-  

No 

L i l i e n  i;l 2 s  Xarch 1973 a r t ic le  (J. Nucl. Med.) r epor t ed  t h a t  pre l iminary  dosimetry 
c a l c u l a t i o n s  z2:crding t o  G r a h a m  would i n d i c a t e  a dose of  3.6  rads/mCi t o  t h e  marrow, 
4.5 rads/mCi to  t5e l iver,  and 0.5 rad/mCi t o  the t o t a l  body. These c a l c u l a t i o n s  h e  
s t a t e d  were based  on h i g h l y  conse rva t ive  estimates of t h e  b i o d i s t r i b u t i o n  of ixidium, 
s t u d i e s  of which are be ing  undertaken. 

9. Related and P e r t i n e n t  Human Data: 

The only  total-body scan r e p o r t s  i nvo lv ing  the use  of indium-111 c h l o r i d e  ( t r a n s f e r r i n )  
as a bone-marrow imaging agent  are t h e  ones by F a r r e r  and L i l i e n .  K i n e t i c  i n f o m a t i o n  on 
the degree of the a g e n t ' s  u t i l i z a t i o n  i n  r ed  cells  is lacking .  Comparison w i t h  indium's 
d i s t r i b t u i o n  as a s u l f u r  c o l l o i d  would h e l p  determine the c h l o r i d e ' s  l a b e l i n g  of non- 
r e t i c u l o - e n d o t h e l i a l  e lements  only.  

10. Chemical, Radia t ion  and I n f e c t i o u s  Hazards: 

The "l1n w i l l  b e  c a r r i e r - f r e a  s i n c e  i t  is  produced by pro ton  bombardment; cheinical 
t o x i c i t y  from indium is t h e r e f o r e  no t  r e l evan t .  A microana ly t i ca l  t e s t  f o r  cadmiun will 
be  made on each b a t c h  of l l l I n  on receipt.  .(' Spect rometr ic  v e r i f i c a t i o n  of  r ad ionuc l ide  m 

7 
43 
s 

- 

p u r i t y  of each b a t c h  w i l l  a l s o  b e  made. cu 

A trace m o u n t  '141n w i l l  be presen  i n  t h e  p repa ra t ion  due t o  t h e  presence of 
a a l l  amount of '"Cd i n  the sepa ra t ed  '"Cd t a r g e t  material. This  is es t imated  b Oak 

-hdge  Ka t iona l  Laboratory t o  be  approximately 0.02% of t h e  l l l I n  l e v e l  (0.2 C i / m C i  Il11n) 
a t  one h a l f - l i f e  a f t e r  te rmina t ion  of  t he  t a r g e t  bonbardment. 
I l 4 I n  p e r  
body 2nd 0.41 r ad  t o  t h e  bone. Thus, the  ;$hole-body dose c o n t r i b u t i o n  f r o n  t h e  presenca 

The r a d i a t i o n  dose from 
C i  i s  e s t i m t e d  by the  RadRtion Sa fe ty  O f f i c e  t o  be 0.042 rads t o  the whole 

of  t h i s  contaminant w i l l  be  0.008, 0.015, and 0.03 r ad  p e r  n C i  of lll~n a d ~ n i s t e - e d  



Page Three 

a t  one, two and t h r e e  h a l f - l i v e s  a f t e r  te 

V b o t h  1 l l I n  and 11AIn will then be :  
Dody 0.49, 0.5 and 0.51 rad/niCi lll11-1 a t  t h e s e  t i m e  i n t e r v a l s .  

n a t i o n  of bombardment. The dose t o  t h e  bone 
1 be  0.082, 0.157 and 0.305 radJmCi '?n a t  t h e  same i n t e r v a l s .  The t o t a l  dose due 

Bone 2 . 4 ,  2 . 5 ,  and 2.6 rads/rnCi l1 l In ,  and whole 

The '"In s o l u t i o n  w i l l  be  mi l ipo re  f i l t e r e d  (0.22 micron) i n t o  an autoclaved,  s ea l ed  
v i a l  on r e c e i p t  and t e s t e d  f o r  pyrogeneci ty .  
c a r r i e d  o u t  i n  a laminar-flow hood us ing  s ter i le  equipment. 
cade through mi l ipo re  f i l t r a t i o n .  
t e s t i n g  should  t h e  p a t i e n t  show any r e a c t i o n .  

The prepa ra t ion  of t h e  l l l I n  dose w i l l  be 
F i n a l  s t e r i l i z a t i o n  w i l l  be 

Ten pe rcen t  of t he  p repa ra t ion  w i l l  be  wi thhe ld  f o r  

No tes t  f o r  pyrogenec i ty  and no mi l ipo re  f i l t r a t i o n  w i l l  be performad i f  
pharmaceut ical  is obta ined  from a commercial s u p p l i e r .  
w i l l  be wi thhe ld  for t e s t i n g ,  however, should t h e  p a t i e n t  show any r eac t ion .  

the radio- , 
Ten pe rcen t  of t h e  p repa ra t ion  

Same procedure f o r  the '"In s u l f u r  c o l l o i d  p repa ra t ion  w i l l  be  performed as i s  ROW 

Seing  done t o  p repa re  99mTc s u l f u r  c o l l o i d  us ing  t h e  sodium t h i o s u l f a t e  procedure.  

S t a r t i n g  d a t e :  January 1, 1974 pending approval  of s tudy  by Human Use Cocni t tee .  

Franc is  A. Goswitz, H.D. 



MEMORANDUM 

Med i c  a 1  Rad i o n u c  1 i d  e Commit t e e 3 D e c e n b e r  1973 DATE 

- I N D I U M - 1 1 1  C H L O R I D E  AND I N D I U P I - 1 1 1  SULFUR C O L L O I D  - ' U  
SUBJECT 

D r .  A n d r e w s ,  f i l e  
.-.--- COPtEB TO -- - 

D r .  G o s w i t z  h a s  s u b m i t t e d  t h e  a t t a c h e d  p r o p o s a l  f o r  u s e  
o f  In-111 c h l o r i d e  a n d  I n - 1 1 1  s u l f u r  c o l l o i d  f o r  o u r  r ev iew.  
H e  h o p e s  t h a t  w e  w i l l  a p p r o v e  t h e  p r o p o s a l  a t  o u r  4 D e c e m b e r  
1 9 7 3  m e e t i n g  so t h a t  h e  c a n  s u b m i t  t h e  p r o p o s a l  t o  t h e  
C o m m i t t e e  on Human S t u d i e s  b e f o r e  t h e i r  I1 D e c e n b e r  1 9 7 3  
m e e t i n g .  I h a v e  a l s o  a t t a c h e d  D r .  G o s w i t z ' s  p r o p o s a l  t o  
t h e  C o m m i t t e e  on Human S t u d i e s .  

RJC:vrs 

Mea3ers: 
S s r g e r  
I 2 3 u t i e r  / 
3 d q a r d s  
Ea rmon  
Hayes 
Lu s h b  augh 

1 0 4 8 1 2 5  
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MEMORANDUM 
EI e d i c a 1 P.a d i o  n u  c 1 i d  e C o mm i t  t e e 

TO 
6 December 1 9 7 3  

-.. - D R .  G O S K I T Z ’ S  PROPOSALS 

D r .  Andrews ,  D r .  G o s w i t z ,  f i l e  

WBJECT 

COPILLI TO 
-I- - -- 

The M e d i c a l  R a d i o n u c l i d e  C o m m i t t e e  h a s  s c h e d u l e d  a s p e c i a l  
n e e t i n g  f o r  F r i d a y ,  December  7, 1 9 7 3  a t  1 : 3 0  p.m. i n  t h e  
s e c o n d  f l o o r  c o n f e r e n c e  room t o  h e a r  D r .  Goswitz p r e s e n t  
h i s  p r o p o s a l  t o  u s e  I l l I n C l  a n d  l 1 l I n  s u l f u r  c o l l o i d  i n  
humans  a t  ORAU. The  p r o p o s a l  wss d i s t r i b u t e d  to c o m m i t t e e  
members  on 3 December  1 9 7 3 .  

K e m b e r s  : 
B e r g e r  
C l o u t i e r  4- 
Edwards 
Hzrmon 

L=r 5 h b  au gh 
W Eayes 



li 

EIEDICN, PADIOXUCLIDE COXXIT'TEE 
Medical Divis ion  

Oak Ridge Associated Universities 

PROPOSAL 30.73-4 

DESCRIPTION: 
Comparison of In-111 chloride and In-111 sulfur colloid in 
evaluation of bone marrow disorders (Vemo of Nov. 28, 19733. 

This proposal was considered in two parts. 
the use of In-111 sulfur colloid in humans. 

This disarproval is for the 

L] The Committee approves with the following lbitations: 

Radiophannaceutical may-may not-be administered to patients under 
18 years of age. 

Fhdiopharnaceutical may-may not-be adninistered to pregnant 'Fatient: 

Other: 

The Cornittee diszpproves for the following reasons: 
u 

Additional work needs to be done on the FreFaration of the sulfur 
colloid and its distribution and retention in animals. 

XE2SEfi APPROVAL DISAPPROVAL ABSENT DATE 

Berper 

C lout ier 

Edwards * 



MEDICAL UDI OXXLIDE CO>IXIPTEE 
EIedical D i v i s i o n  

Oak Ridge  Associated Universities 

Francis A .  Coswitz, N.D. PROPOSAL :XI. 73- 3 
€EESC)S SUEXITTIXG PROPOSAL 

DESCXIPTIGN: Comparison of In-111 chloride and In-111 sulfur colloid in 
evaluation of bone narrow disorders ($:em0 of Nov. 28, 1973. 

This proposal was considered in two parts. This approval is given for the 
use of In-111 chloride. 

a Ths  C o m i t t e e  approves with the following l initzt ions:  

Radiophamceutical nay_Pm&-be  adninistered to patients m d e r  
18 years of agej only if the Fatient has a malignant hematologic disorder. 

Radiopharmaceutical -sx may not- be addnistered to pregnant '.Fatient. 

Other: Padiopharmaceutical may not be used if In-114m is present in an 
amount that would contribute more than 10% of the In-111 dose. 

The Comittee disapproves f o r  the following reasons: 

u 

KE7.Bm APPXOVAL DISAPPROVAL ABSENT DATE 

C lou tier l e  
E dwar ds / z - 7 -  73 
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MEMORANDUM 

Committee members Berger,  C lou t i e r ,  Edwards, and Hayes m e t  w i t h  D r .  
Goswitz t o  d i s c u s s  h i s  proposa ls  t o  adminis te r  111In-chlor ide and 
lllIn-sulfur c o l l o i d  t o  humans. Af te r  cons ide rab le  d i scuss ion  of 
t h e  m e r i t s  of t h e  proposa l  and t h e  adequacy of t h e  presented  d a t a ,  
t h e  committee voted unanimously t o  permit  t h e  u s e  of 111In-chlor ide 
a t  ORAU provided t h e  proposal  is  subsequent ly  approved by the Committee 
on Human Studies .  
c o l l o i d  i n  humans because it f e l t  t h a t  s u f f i c i e n t  d a t a  does n o t  exist  
t o  prove t h a t  a n  adequate  c o l l o i d  could be  produced. 
t h e r e f o r e  disapproved t h e  proposal .  
recorded on t h e  form developed by t h e  committee f o r  record ing  such 
act ion. 

The committee d id  n o t  approve t h e  u s e  of lllIn-sulfur 

The committee 
A record  of both a c t i o n s  w a s  

R J C : v r s  
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MEMORANDUM 

TO File DATL-~--- 

gCm,,cT MEETING OF MEDICAL RADIONUCLIDE COMMITTEE ON 4 DECEMBER 1973 - 

Committee members Berger, Cloutier, Edwards, Lushbaugh, and Hayes met 
to discuss the draft of the proposed responsibilities and operating 
rules for the committee. Many different comments were made regarding 
the distributed draft. Cloutier was assigned the task of rewriting 
the draft to take into account the new comments. The committee then 
reviewed the proposals submitted by Dr. Goswitz on 111In-chloride and 
lllIn-sulfur colloid. 
proposals the committee should meet with Dr. Goswitz so that he could 
present his proposals. 

It was decided that before taking action on these 

This meeting was scheduled for 7 December 1973. 

RJc:vrs 

'W 



PERSON SUBXITTING 

MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

p~oposfi C. L. Edwards, N.D. PROP 0 SAL NO. 73-2 

DESCRIPTION: 
Use of Tc-99m Osteoscan for bone scanning. 

Kit to be used is described on attached package insert distributed by 
Procter and Gamble Co. 

The Committee approves with the following limitations: 

Radiopharmaceutical m - c  may not- be administered to patients under 
18 years of age. 

Radiopharmaceutical 

Other : 

a 

may not-be administered to pregnant women. 

none 

The Committee disapproves for the following reasons: - 
OS dY 

MEMBER 

J. Berger 

I?. Cloutier 
r*y, 

C. L. Edwards 

H. Harmon 

Q 
E ,  
CD 
IJ 
u 
F*3 R. Hayes 

APPROVAL DISAPPROVAL ABSENT DATE 

,/h Y h . 3  

!L& * 
/ 

e 
Acknowledgement of Submitter Datedt,/k& ?3 

ProposalXBBBXXXXX - does not- require approval of Coinmittee on Bunan S t u d i e s .  
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DESCRIPTION 

Each vial of OSTEOSCAN contains 5.9 mg disodium 
etidronate and 0.16 mg stannous chloride as active 
ingredienfs. Upon addition of ADDITIVE-FREE 
ggmTc-pertechnetate. these ingredients combine 
with 99mTc to form a stable soluble complex. 

ACTIONS (CLINICAL PHARMACOLOGY) 

Wnen injected intravenously, 9gmTc-labelad 
OSTEOSCAN has a specific afllnity for areas of 
altered osteogenesis..Areas of bone which are 
undergoing neoplastic invasion Often have an 
unusually high turnover rate which may ba imaged 
with q9mTc-labeled OSTEOSCAN. 

of 30 seconds wi tn i i  three (3) hours after its 

Three hours after intravenous injection of 1 m l  
ggmTc-labeled 0STEOSCAN.an astimated 4040% 
of the injected dose has been taken up by the 
skeleton. At this time approximately 50% has been 
excreted i n  the urine and 6% remains in the blood. 
A small amount is retainad by the soft tissue. The 
level of WmTc-labeled OSTEOSCAN excreted in 
the feces is below the level detectable by routine 
laboratory techniques. 

INDICATIONS 

OSTEOSCAN is a skeletal imaging agent used to 
demonstrate areas of altered osteogenesis. 

CONTRA1 NDlCATl ONS 

''one. 

QRNINGS 

This radiopharmaceutical should not be administered 
to patients who are pregnax or lactating unless the 
information to be gained our*eighs the potentlal 
hazards. 

Ideally. examinations using radiophrrmacauticels. 
especially those elective in n8ture. of a woman of 
childbearing capability should be performed during 
the first few (approximataly 10) days following the 
onset of menses. 

Radiopharmaceuticals should be used only by 
physicians who are qualifled by specific training In 
the safe use and handling of radionuclides produced 
by nuclear reactor or palticlo accelarator and whose 
experience and training have been approved by 
the appropriate government agency authorized to  
license the use of radionuclidas. 

The 99mTc- generator should be tested routinely 
for molybdenum breakthrough and aluminum. If 
either is detected. the eluate should not be used. 

PRECAUTIONS 

Both prior to and following 99Tc-labeled 
OSTEOSCAN administration. patients should be 
encouraged to drink fluids. Patients should void as 
often as possible after the 9gmTc-labeled 
OSTEOSCAN injection lo minimize background 
interference from accumulation in the bladder and 
unnecessary exposure to radiation. 

As in the use of any other radioactive material, care 
should be taken to insure minimum radiation 
exposure to the pa:ient. consistent with proper 
patient management. and to insure minimum 
radiation exposure to occupational workers. 

'DVERSE REACTIONS 

e O y A G E  - AND ADMINISTRATION 

The recommended adult dose of 9gmTc-labeled 
OSTEOSCAN is 1 ml with a total activily range of 
10-15 mCi. 99mTc-labeled OSTEOSCAN should be 
given intravenously by slow injection over a period 

PROCTER 8 GAMBLE 

-- 

NDC 37000-400-01 

I KSCAN 
(5.9 MG DISODIUM ETIDRONATE 
0.16 MG STANNOUS CHLORIDE) 
SKELETAL IMAGING AGENT 
preparation. Optimum scanning time is 3-4 hours 
postiniection. 

The pa:ient dose should be measured by a suifable 
radioactivity calibration system immediately prior 
to administration. 

PHYSICAL CHARACTERISTICS 

Technetium-99m decays by isomeric transition with 
a physical half-life of 6 hoursl. Photons that are 
useful for imaging studies are listed in Table I. 

Table I. Principal Radiation Emission Data 

Mean %I Mean E ~ r g y  
Radiation Disintegration (keW - 
M int. con. 

electron, y -1 98.6 1 .7 
Gamma-2 88.3 140.5 
K int. con. 

L int. con. 

Gamma-3 0.03 142.7 
K int. con. 

electron, y -3  0.96 121.7 

1 Dillman, L.T.. Radionuclide Decay Schemes and 
Nuclear Parameters for Use in Radiation-Dose 
Estimltion. Supplement No. 2, MlRD pamphlet 
NO. 4. J. NuCl .  Med., p. 22. 1969. 

The specific gamma ray constant lor 99mTc is 
0.72 RlmCi-hr at 1 cm. T h l  half value layar is 
4 mm of Pb. 

To correct.for physical decay of this radionuclide. tha 
fractions that remain at selected intervals after tha 
time of calibration are shown in Table 11. 

electron, y - 2  8.8 119.5 

electron, 7 - 2  . 1.1 137.7 

K a  X-rays 6.5 18.4 

fab le I I .  Phys iu i  Decay Chart: . 
QgmTc. half-life 6 hours 

Houn 
-5 
4 
-3 
-2 
-1 
0' 
1 
2 
3 
4 

- Fraction 
Remaining 

1.779 
1.587 
1.414 
1.260 
1.122 
1 .ow 
.891 
.794 
.TO7 
,630 

Houn - 
5 
6 
7 
8 
9 

10 
11 
12 
18 
24 

Remaining Fraction 

.562 
,500 
.448 
397 
.354 
3 1 5  
.281 
.250 
.125 
.OK3 

'Celibration time 

RADIATION DOSIMETRY 

The estimated absorbed radiation doses1 to an 
average patient (70 kg) from an intravenoua 
injection of a maximum dose of 15 millicuries of 
99mTc-labeled OSTEOSCAN are shown in Table Ill. 
For comparison. the estimated radiation doses from 
a maximum dose of 4 millicuries of 1'JF used as 
a bone imaging agent are also ilcluded 

Table 111. Radiation Doses 

Tissues Absorbed Radiation Dose - 
gSm lc-OSTEOSCAN I b F  

(rads115 mCi 1 
Skeleton. 0.59 0.64 
Testes 0.32 0.83 
Ovaries 0.33 0.65 
Total Body 0.13 ' 0.18 

(radsl4 mCi 1 

Bladder 
4.8 hour void 0.4 

Bone Marrow 0.1 4 

'73-, 

Radionuclides. SL2plemert No. 1. M I R 3  
pamphlet No. 1. J. Nucl. Mod.. 9.7. IC%. 

HOW SUPPLIED 

The OSTEOSCAh kit con!ains fire (5) vials. Each 
vial contains 5.9 mg disodium e::dronato and 0.16 
mg stannous chloride as active i?gredien:s. The 
contents of each vial ar8 prepare0 by appropriate 
manufacturing procedures to be sterile and 
pyrogen-frea. 

PREPARATION FOR USE 

Tha following aseptic procedure should Se fOllOWa6 
in tha preparation of the ggmTc-:abeled OSTEOSCAN 
skelatal imaging agent: 

STEP 1. 
Remove cenfral metal disc of the OSTEOSCAN 
vial and swab the tap of 131) vial mth alcihol to 
sterilize the surface of the clos~~ra. 

Place the OSTEOSCAN vial in a -adiaticn shield. 
In  a sterile syringe, collect 5 ml 5 s:eri!c 
pyropen-free 99mTc-pertechne!a:? from an 
additive-free 99m Tc-peflechnetz:3 source which 
has been checked for m0iybden;m breaic:nrough. 
Check the activity of the 99mTc-;ertech~3tate to 
avoid exceeding 50-75 mCil5 mi. I f  the activity 
exceeds this level. dilute with AEDITIVE-FREE 
sterile saline only such that a 5 -I port im will 
contain the 50-75 mCi activity. 

STEP 3. 
Add theggmTc-ptcechne:ate to :+e vial. After 
adding the9Qm Tc-pertechnetat9 :o the ilal. 
withdraw an epuivalent amount :' air to cqualize 
the pressure inside the vial to p:5ven: s5ray 
contamination. CAUTION: DO N3T USE 9gmTc- 
PERTECHNETATE WHICH CON-aINS A N  
OXIDIZING AGENT. INTRODUCSION OF AN 
OXIDANT MAY RESULT IN A SOLUTION 
UNSUITABLE FOR SKELETAL IVAGING. 
Commercial sources of g*mTc-;artechnttata that 
have been used in clinical trials rrith OSTEOSCAN 
include the New England Nuclear Tecnnttium-99m 
Generator, the MaXinckrodt Technetium-99m 

Medi+PhysiCs Instant TechnetiL.n. and Cambridge 
Nuclear Instant Technetium. 

STEP 4. 
Shake the vial well for threa (3) minutes to assure 
complete dissolu!ion 01 the con:rnts. tAnimal 
exposure can be cbtained by use of either an 
ultrasonic agitator or machanica! shaker. 

STEP 5. 
Record the time and date of pre>ara!ioP and the 
activity of the WmTc-labeled OSTEOSCAN on tha 
radiation shield label contained in the kit and 
aflix this label to t?le shield. 

STEP 6. 
Use within three (3) hours of pr9aration. 
Discard excess tralerial. 

STEP 2.- 

Generator. the Squibb Hi-Con Ganerator. * .  

. , 

'Local dose may be a factor of 1C or more grea!er. 

I Method of Calculation: A Schema for Absorbad- 
Dose Calculations for Biologically Distributed 

1 0 4 8 1 3 3  



MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 
LJ 

PROPOSAL NO. 73-1 PERSON SUBMITTING PROPOSAL c *  M * D o  

DESCRIPTION: 
Use of Tc-99m labeled albumin microsbheres for lung imaging. 

Kit to be used is described on attached package insert distributed 
by 3M Co. 

a The Cornittee approves with the following limitations: 
Radiopharmaceutical- may not-be administered to patients under 
18 years of age. 

Radiopharmaceutical w~ may not- be administered to pregnant women. 

- 
0 
-F 
43 
s 
w 
F 

Other : 
none 

The Committee disapproves for the following reasons: 

APPROV. L DISAPPROV; 

J. Berger 

R, Cloutier 

C. L. Edwards 

H. Harmon 

R. Hayes 

C. Lushbaugh 

L ABSEhT DATE 



Absorbed Radirtion Dose 
Tissue (redd7 mCI) 
Lungs 2.03 
Bladder Wall 0.39 
Liver 0.12 
Spleen 0.12 
Testes 0.04 
Ovaries 0.05 
Total Body  0.1 1 

l Method of Calculation: A Schema for Absorbed-Dose Calculations for Biologically Distributed Radionuclides, Supplement NO. 1. MlRD 
Pamphlet No. 1, p. 7, 1966. 

HOW SUPPLIED 
Kit Contents 
The Albumin Microspheres kit for labeling with sodium pertechnetate 
Tc 99m consists of: 

5labeling vials, each containing 5 mg Albumin Microspheres 
(Human), 100-250 micrograms tin in the fonn of stannous 
chloride and stannic chloride pentahydrate, and 6 mg Pluronic 
F-68. 

10 ''CAUTloN-RAq10ACTIVE MATERIAL" and radioassay labels 
(pressure sensitlve). 

1 Padcage Insert 

Directions for Preparation 
The technetium-99m used lor labeling the Albumin Microspheres is 
furnished b the user. Sterile, non-pyrogenic solutions of sodium per- 
technetate f c  99m can be obtained b elution of a commrcially 
available pnerator or delivered daily {om a commercial supplier. 

SOLUTIONS OF SODIUM PERTECHNETATE Tc 99m 
WHICH CONTAIN OXIDIZING AGENTS SHOULD NOT BE 
USED. 

In choosing the amount of Tc 99m radioactivi to be used inthe 
preparation of the Techntium Tc 9@ Albumin&crqpheres Injec- 
tion, tly number of patients, administered radioactive dose and 
radioactive decay must be taken into account. 

Procedure 
1. Add 15-60 mCi sodium pertechnetate Tc 99m to the shielded vial 

(the shield should have at least a 4 mm lead wall and ca ). If the 
volume is less than 4 ml. add Sodium Chloride Injection h i p .  to 
a total volume of 4-10 ml. 

2. Put the shiel'd cap on the shield and vigorously shake the vial (5- 
15 seconds). 

3. Usin forceps (at least 9 '  in length, r e m e  the vial from 

ing 3N" orwater. The batl? should be protected by lead glass or 
kicks. Ultrasound for 5 minutes. 

The vial should be visually inspected before removi the dose of 
Technetium Tc 99m Albumin Microspheres Injection. #e vial should 
be adequately shielded during the visual inspection. If aggregates are 
present, the vial should be sonicated or shaken vigorously. Do not 
use the preparation after 8 hours from the time of formulation. 

Storage 

shiead and lace in center of an opera I ing ultrasonic bath contaln- 

A?r labelin , store the Albumin Microsphere labeling vial in a lead 
shield at 2-%T. 

This reagent kit is approved tor use by persons li- 
censed by the U.S. Nuclear Regulatory Commis8ion pur- 
suant lo Section 35.14 and Section 35.100 Group 111 of 10 
CFR, Part 35 or under equivalent licenses of Agreement 
States. 

34-7009-1802-1A (491 3) BPH Lilho In U.S.A. with 3M BRAND Pholo OIlul Pialoa. Fllm and ChCmlcaIa. 

Diagnostic Products 
Medical Product Division / 3M 
3M Center, St. Paul, MN 55101 

1 - 1 1  ' i ' 
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ALBUM IN MICROSPHERES (I IUMA N) 
FOR LUNG IhlAGING 

(1.5 - 30 MICRON) 

3M BRAND ALBUMIN MICROSPIJERE 
99mTc LABELING KIT 

I 

3M Brand Alhumin hficrosphcrrs arc providcd In a drp, slcrilr, p)'rwrn- 
rapid nird efficient labcling with tcclrnctiurn49m. The 93mTc-lalxlcd Albumin 
Microsphcres arc intcnded for g m m a  scintillation imaghg or tlrc lungr following 
inlrivcnous admjnistration.14 The Albumin hlicrosplicrcs PIC produc:cd frotn Nortnrl 
Scrum Alhuinin (Human), U.S.P., and their tizc is conttoUcd In such n manncr that 100 
pcrccnt arc within n diamctcr rangc of 5-50 mirrons, 90 pcrccnt falling 
rnnge of 15 to 30 microns. A labcling effiiicncy of 60 pcrccnt is possiblc. 

The Albumin hlicrosphercs arc produced by agitating h'onnal Scrum 
U.S.P., in hcated vcgrbble oil. The rcsultant sphcricrl Alhuniin hlicrocplicrcec nrc proccrsrd 
to a dry and frec-flowing statc which allows sbvinfi to flit dcsircd rizc r a n g  (15 to 30 
niicrons dininctcr). Each Albumin hlicrobphcrc 99inToLahcling Vial contsinr 5 nig of 
Albumin Microsphcrcs. Thc Labcling Vial, thc Rinsing and Suspriiding Solution Vi& thr 
spccial 3/8 inch 25 gnugc nrcdlc and a radioactivc wnrning lahfl arc Uic 
ninglc Albumln Microsphcrc 99mTc Labcling Unit. 

IDWTIFICATION 

Thc Albumin Microsphcrcs arc pnckapd in a dry, stcrile, pyrmcn-frcc, t 
Labcling Vial. Onc compartmcnt conlairis axation-cxrhangc rcsiii which preducrs rufficicnt 
liydrorliloric ncid for thc tcchnctiiini-99m labeling prorcdurc whcn Uic pcrlcclinctatc -- ution is introdurcd into Llic compartmcnl. Thc sccond cornpaitriicnt rontains 5 rng nf ;& inin hlicrosplicrcs and a rcagcnt tablrt. Tlic two conipertrnriits ex scparatcd by n filr$s ... .cr that prcvrnls pnsmgc of IIic Alhiimiii hjicroaphrrcs into tlic conipnrlnicnt conlnininp. 
tlic ioiitxchangc rcrin, and vicc vrrm. A 25 gniipr, 3/S inch diqmibic ncccllc is also 
providcd to fncililatc iiitrdiiclioii of lhc Irrhnrtiitm-39m soltilion into clir Ialrrling Vial. 
Wlirn dry, 100 prrccnt n T  IIic Allwinin hlicrorplirrcr nrc lwtwriv S-50 iiiisroii.. iti rli:iini-trr, 
uillr If Ic:irl 90 fwriwil I n . l r c ~ i i  15-30 iiticiotis. AI'lcr l;ilic!inl! \villi l i d i t i c t i t i n i  9!Jw irrliq 
tlic rccommciidcd labcling inshirtions and soaking for  30 niinrilrs in 3 M  IUrisiiig ai111 

Suqxnding Solution, tlic iircrca.sc in mcan dianirtcr docs not crccrd SO pr 
dianicicr or tlic dry forin. 

,, .: 

Thc Rinsing and Suspciiding Solution is coiilnincd in s kcpnralc vial and 
the 93mTc-hbclcd Albuniin hficrosphcrcr and for prrpsring the final sunptnsion. *flit 
Rinsing mid Siispcnding Solution is strrilc, pyrnpcn-frrc and coiisistc of Sodiiirn (Jilorirlc Tor 
Itijrclicin, US. P.. iiolysorlnlc 80 ml Iwii7yl ; i lco l to l .  

I 0 4 8 1 3 . b  
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ALDUMIN MICROSI'IIERES (IIUMAN) 

TE($NLrllUM.99M FOR LABEUNG 3M BRAND ALBUMIN MICROSPIfERES 

, 1. r: . 
214' t&hnctium-Wm used for lobcling the Albumin Microsphercc Q furnished by the user. 

' ' Sthils; non-pyrogcnic solutions of 99mTc sodium pertechnctate can be obtained by aseptic 
rlutbn of cornnicrrlillly uvdlable gcncretorr 

I , PHA~MACOLOGY AND ME'I'ADOLISM 

ravenous LD50 for Albumin Miaosphcrcr is 7 2 2  mg/kp in the mouse and 43.8 
n the rat. The MlD for thc introvcnous administration of Albumin Microrphcret i s  

in Ute dog and 82.6 mgkg in the monkey. The toxic doses employed were 8t 

imcr the estimated rnnxirnurn recommended adult dose of 0.04 mg/kg. 

the most contirtcnt findings were pulmonary d c m n  with hbtologkd evidence 
in Microsphcns in pulmonnry arterioles and capillaries. Thclr prrcencc w1u also 

o b w e d  in the brain. hcut. liver nnd kidney with congestion of the liver and kidneyr 

bumin Microsphcrcr wcn administered intravenously to dogs and monkeys once 
,. - 1  _.. 6v~+~o thc r  day for a total of c i a t  doses at levcls of 1, 7 and 20 mg/kg. No consiitcnt or 

-':+ d h F t i v c  product-~clatcd effcctr were obrcmcd with regard to phydca! appearance and 
' ', behuvior, pppetitc, and body weight in any of the test mhals. 

ratory studies did not reveal any definite product-rclatcd cffcctr. Gross 
y findings in thc monkey wcre negative. Gross fidings in the dog at nccropsy 
product-rclatcd. alterations of tlie lungs (hemorrhagic-appearing PICUS) at the 20 

cvel, Uie cervical and mcdinstind nodcr (medullar nddcncd), and thc attachment 

I 

tw#n tJic livcr aid gdblndder (appearcd dcep red) at the 7 and 20 m&g lcvelr 

nnd monkey, histopothologic exnmination rcvealcd thc prescncc of Albumin 
5 h$&Orphcrcs as icprcscslcd by eosinophilic-staining, globular mntrrid in the v~scular bed of 

tha, lungs at nll tltrcr dosnp lcvclr Thc presence of this eosinopliilic matcrid was 
n6conipJnicd by cndollielid ccU proliferation and focal pcr~vosculiu lymphorctiuular cell 

ing in travenous odminis~ration, 99 perccnt of the Ubuinln Minosplicrcs 
. . . ,. ,..a&jwstrssJ to niicr wc clcarcd from thc lungs within 29 hours. Thc cffcctivc half-lifc of 

tlie Ivclirictium-99m in the lung of tlic mouse is 5.5 hours. The radiation dose to the human 
i r ax in i~ t ly  0.4 ndslnrCi of 9gmTc o~lrninis!crcd.~ . 



ALDUWIN MICROSPHERES (HUMAN) 

INDICATIONS 

Scintillation Criaglrtg of' lliu luiigu with 99mTc-labded Albumin Mlcrospheres IJ indicated as 
an adjunct to otlrcr diu~novtic prucedurcs whenever information about pulmonary 
circulation is desircd. 4* Tho most urcful clinical applications of lung imaging are in the 
diagnosis of 1) pulmonary embolism. 2) chronic obstnrctivc pulmonary dlrcrocs such as 
emphysema md clironic bronchitis, 3) pathological conditions which Impede pulmonnry 
blood flow such w carcinoma and putmonrry abscess, m d  4) other pulmonary diseases such 
as pneumonia and tuberculosis. 

PRECAUTIONS 

To c n w n  minimum radiation exposure to dl personnel including physicians, patiants, 
technicinns and numi ,  radiopharmaceuticalr should be uscd only by phyrlcians who M 

qualified by specific training In the UIC and d e  handling of radloirotopes and whore 
experience und trdning have been approved by an individual agcncy or institution already 
liccnrcd in thc use of radioisotopes. 

CONTRAINDICATIONS 

The use of radiopharmaceuticals b contraindicrtcd in pregnant women, nurshg mothers, 01 

patients under 18 ycan of agc unless except iod conditions cxht. 

The safety of Albumin Microspheres in patients with a known right-to-left cardiac shunt has 
not been established and Its  use in such patients Ir contraindicated. 

Altliougli no anaphylactoid rcactions have bccn reported in prlients following Uic 
rdministralion of Albumin Microsphercs, the possibility should be considered Uirl 
hyporsnritivity reactions may occur rarely in prticnts who, after the initial administration, 
rccplvc additional dorcs a number of w e k r  after thc initial dose. In lhc clinical evaluation of 
Us Albumin hlicrosplterer, a total of 175 prticnlr rcccivcd two to eight injcdionr wilh no 
mupliylacloid rcactions. Tlic timc bctwccn injcctions rangcd from 1 to 232 days Tlic 
msjority of npcat lung scans occurred within one to wvcn days and a vcry fcw repcat scans 
wcrc spaced niorc tlinn 90 days apart 
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ALBUMIN MICROSPIIEHES QIUMAN) 

$Two patknu cxpcricnccd advcrsc rcnctionc following thc ndniinirtration of Albumin 
Mkrosphcrcs. On0 patient with a history of wute myowdial Inrarction, cough and 

'waknetr, expcricnccd M e p i d c  of wvcrc cougliinp and Jiortnert of brcnlh w i d  Iicnd a d  
n c k  cyanosis shortly after adminkation of the Albumin hlicrosphcrcs. Following 
dingnods of acute pulmo&ry cmbolim, the pntfent was trcntcd with mtlcongulpnts urd 
rxpcrienccd no evidcna of long term ctrccts. A sccond paticnt cxpcricnccd an episode of 
flushing and rapid brcathing following dministrntion of Albumin Microsphcrcr Lung 
imaging procedures wcre complctcd when the symptoms subsided opontnncoudy within, 
three minute& No adverse eCfects could be documcntcd nnd an anxiety nnction to the 
injection procedure is a podblc cousc, The paticnl was treatcd with heparin for the 
presumptive diagnosis of pulmonary embolus. Both patlcntt rccovcred complctely from 
these episodes. 

DOSAGE AND PROCEDURE 

The recommended adult dow of 99mTc-labelcd Albumin Microspheres is 14 mCl(O.2 - 2 
mg Albumin Microspheres). "lie usual adult durc Is 2.0 mCi (0.8 mg Albumin Microspheres). 

It h not necessary to block the thyroid prior to administration of lhc 99mTdnbckd 
Albumin Microsphcrcs.6 

In choosing the nmount of 9gq~ radioactivity to be used in the preparation of the 
99mTc-labclcd Albumin Microsphcm, the labeling cffickncy, number of patients, 
administered radioactive dose and radioactive decay must k takcn into account. I'he 
rccommended m o u n t  of *"'Tc radioactivity to be added lo the labcUng Vial it 40 mC1. 
Assuming an avcngc 99mTc uptokc of GO percent, this wUI yield S mg of 99niTr-lubclcd 
Albumin hlicrocpheres with D spccific activity of approrimatcly S rnCi/mr ut Uie time of 
labeling and approximrtcly 2 mCi/mg eight hours later. 

- 

Labeling is accomptislicd according to the instructions providrd with each k i t  

):ugh oggrcgation of the Albumin Microsplicrcs scldom occurr (only 9 out of 1400 
xunistrations during thc clinical trials), the Labling ViJ should be visually invpccled 

bcforc rcrnoving the dose of Albumin hiicrosphcrcs to Iw: dniinistcred. If ztgrcption is  
obscrvcd, thc Labcling Vial should bc rcturned to the ultrsronic bath for onc rninutc. llie 
Labeling Vial should be ndcqurrlrly sliicldcd during tlic visual inspection. 

Vie 99rnTc is slowly leached from Uic Albumin Microsplicrcs on standing. In ordw to 
minimize the possiblc intcrfcrcncc from livcr and spleen uptake due lo thc free 99niTc, it is 
rccunimcrided that tlic hlicrosplicrer be rcrinstd onw if they hrvc stood for more than threc 
hours dtcr lihcling. This rinw. stcp should bc pcrrormcd just prior to iiijsctioii to miniinbc 
frcc 99n1Tc. The Microsplrcrcu riccd not b r inrd ap in  if dicy arc uscd within tlic 
rcrornnicndcd time limit of eight hours lroin the tiiiic of Iabrling. Again. 1-2 minutcs bcrorc 
wi~lidr~wing h e  hlicroxlrliricr froiii tlic labdiiig Vial kw injcciion, rliakc well or 
ullr>sooicdly ilgitrtc for one niinu tc und rciiispcct for iiggrcpitioii. 
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Albumin Ulcronplicrcs lnbcled wlth tcchnclium-39m arr InJcctcd intravcnously ovcr a 10.20 
wcond prlod using a plastic syringr G h r  syringes rhould bc avoided bccausc ihc Albumin 
Microsphcres may Intcrfcrc with the frec action of the plunger, 

For optimum rcsults, lung imaging should kgin as won os possiblc and not morc lhm onc 
hour aftcr administration of the Albumin Microsphcrcs. 

Thc physician rliould bc fomiliat with lung linnglng and Its usc In lhc diagnostic proccsr. 5 9  7*9 
Iic should cslablish for himsclf thc imaglng procedurc which provldcr opUmal rcrultr. 

liOW SUPPLIED 

The Albumin Microsphcrc 99mTc Labeling Kit consists of the following items: 

5 LABELING V l A U  

Each LalAin6 Vial contains 5 mg Albumin Micronpiicrcs (Human) and the ncccssary 
rcagcnls for labcling the Microsphcrcs witti lcchnctium-99m. 

5 RINSING AND SUSPENDlNG SOLUTION VIALS 

Each vhl contains 30 cc of Rinsing and Suspending Solution. 

S NEEDLES (25 9) for injccting tcchnctium-99m into thc Lnbcling Vial. 

5 RADIOACTIVE WARNING LABELS (prcrsurc snsitivc). 

Issued 1/6/72 
J-MSPI(4J.I)R 

1048740 
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3. A rcirnbi~rsc~niciit iiiny bc o€fcrctl to tlic voluntccr. 

III. Release Form - A n  agrccincnt sigucd and witnesscd that: 

1. 

2. 

3. 

4. 

Participation is of the person's own volition, 

Subject understands that this  experience is for  

Subjcct understands the nature, procedures, 'and 

probsblc effects, if any, of the experiment. (These 

fccnturcs should bc listed 01- clcscribcd hricfly in thhe 

agreement. ) 

The volnntccr, whcthcr or not he is an cmployee of 

ORAU, is not considered an employee insofar as the 

experiment is concerned. 
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Recently in consideration tf t h e  u:Itr limit of radiolodine that can 
be given to employee-volunteers u : ' ~  r a t -  existing AEC rules of M X i p U P  

permissable occupational 'exposure.  
safety office was applying guide lines that extc*nded the intentions 
of the AEC conanittee. The r e d s o n s  for this acti;? seemed based on 
the generally accepted concept th*? the  least dose is the b e s t  dose. 
M i l e  no one can Argue against t h i -  truism, I m u i d  like to argue 
that a dose redlction that pekes t h e  statistical validity of research 
results questionable should not be accepted unless there are reasons 
other than unsupported opinions, mtional bias  and matter of taste. 
An arbitrary safety factor of 5 p . , t  upon existing pemissablo quarterly 
exposure limits makes f t  impossib e for us to correlate organ and 

' 

whole-body radioactivity for a o~.flciently long period of time to obtain 
the answers vc need in our whoie-:  jdy iodine  retention study. 

2 appeared that our radiation 

> 

I .  , -  
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C. C. Lushbaugh, M.D. 

I . .  

. . .  . 
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M. Kniseley ' 

C. C. Lushbaugh 
C. L. Edwards ' 

MEMORANDUM 
d 
R. J. Cloutier . DATE June 29. 1966 

c- 

L2 JYJEC FRACER DOSE OF RADIOISOTOPES I N  VOLUNTEERS - 

Recently, discussions have focused on the need for clear-cut policies in connection 
with the giving of tracer doses of radioisotopes to volunteers. Some months ago, 
in the face of an urgent problem, a procedure was set up to deal with the ethical 
and legal aspects of some doses of cesium which were given for an intercalibration 
study on the whole-body counter. These procedures seemed to serve admirably, 
but after the initial problem, we did not take any particular action in setting them 
up as general policy. It may be that these procedures, or a somewhat modified 
version of them, will be entirely satisfactory for the very small tracer doses, but 
if we wish to give volunteers doses in the neighborhood of those used for ordinary 

questions concerning how the volunteers should be recruied (I am inclined to be- 
lieve that some sort of bulletin board announcement, rather than personal contacts, 
would be more free of any suggestion of coercion) and whether they should be re- 
imbursed for serving in this way. 

, clinical diagnostic tests, certain other problems would arise. There are also * 

Within the next month we will try to establish a policy and make it available to all  
of our staff members. Meanwhile, in order not to delay any prospective studies, 
I believe that the procedure followed in the earlier cesium measurements should -.- be followed, and that for each experiment agreement should be reached among at 
least three members of the group to whom this memorandum is addressed. 

- 
'- 

Gould A. Andrews, M. D. 

GAA:fb 



Bruce Ketelle, ORNL 
T O  

DATF November 8 ,  1974 

W SUBJECT COMPARISON OF RADIATION DOSES FRChV ER-165 AND TC-QqY 

F i l e  COPIES TO 

The attached tab le  gives our comparison of the radiat ion doses t o  the  
skeleton from 9 9 9 c  and 165Er. We have calculated t h e  dose f o r  th ree  
si tuations:  
(2) SO% of the  radionuclide i n  the  skeleton and 50% uniformly d is t r ibu ted  
i n  the  remainder of the  body, and (3)' the radionuclide uniformly d i s t r i -  
buted i n  t h e  skeleton. For each s i tua t ion  w e  assumed tha t  t he  effect ive 
half-time w a s  equal to the  physical ha l f - l i f e  of t he  nuclide. 

(1) t h e  radionuclide uniformly dis t r ibuted i n  t h e  body, 

I am a lso  sending you a copy o f t h e  Dillman print-out of t he  decay scheme 
of r65Er  and a copy of an abstract  of a paper presented a t  t h e  June 1974 
meeting of t h e  Society of Nuclear Medicine on the  possible use of 165Er 
f o r  tumor localization. 

If you have any questions concerning these dose estimates o r  if w e  can be 
of fur ther  help, please call  m e  o r  Evelyn Watson a t  3-4642, ORAU extension 
263. 

R o g e d .  Olpritier, Chairman 
Special Training Division 

. EEW:ras 
Attachments 



MEMORANDUM \ 

- 20 August 74 
' 0  William D. Gibbs DATE 

u 
-.. - BUBJECT Medical Radionuclide Committee 

COP,Ll To J. Berger, C. L. Edwards, R. Cloutier - .. 

This memo is a follow-up on our telephone conversation concerning the 
Medical Radionuclide Committee. We a re  pleased that you are willing 
to become chairman of this, and this memo is to indicate your appointment 
to this job. 

I will be glad to discuss with you the soope of the work of the committee, or 
to be of help in any way possible. 

2 ,  d P L  
Gould A. Andrews 

I O U 8 3 4 8  
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uniform i n  body 

Dose to  Skeleton 
rad/mCi adm. 

165Er % difference - 9 9 T C  - 

0.020 0.022 +lo% 

50% i n  skeleton; 50% uniform 
in rem. o f  body 0.038 0.046 3.21 % 

100% i n  skel eton 0.064 0.080 +25% 

11 -7-74 
Radiopharmaceutical 

Internal Dose Center 
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OAK RIDGE ASSOCIATED U N I V E R S I T I E S  

MARCH 1974 

R. D. SMITH 

R.  W. POE 
J. T. DUFOUR 

R. 0. EDDINS 



-- I 

I. Purpose and Scope 

The annual health protection and environmental pollution 
appraisal was conducted during March 11-15, 1974. 
appraisal was conducted by Messrs. R. D. Smith, R. W. Poe, 
J. T. Dufour of the Health Protection Branch, and R. 0. 
Eddins of the Environmental Protection Branch, Safety and 
Environmental Control Division. 
appraisal. include health physics, industrial hygiene, 
environmental pollution, pesticides, and with special 
emphasis being placed this year on medical research. 

-1 

This 

The areas covered by this 

I1 . 

' " 5  

summary 
The health physics and industrial hygiene programs of ORAU 

are considered to be very good. 
in the area of human experimentation is undergoing some re- 
organization and has the earmarks of developing into a well 
organized program capable of fulfilling DHEM guidelines con- 
cerning the participant's safety. Two recommendations in the 
area of documentation and a suggestion in the findings should 
aid in this reorganization. 
minimal, there are certain minimum health protection require- 
ments applicable for their use, and a 1973 appraisal recommenda- 
tion concerning these requirements had not been ixnplemented at 
the time of the 1974 appraisal. 
the critique and ORAU management assured the reviewers this 
recommendation would receive timely attention. In the area. 
of environmental protection, ORAU is conforming to all applicable 
state and federal emission criteria. 

The Medical Division program 

Although pesticide use at ORAU is 

This was pointed out during 

111. Recommendations 

4 
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A. Recommendations of the 1973 Appraisal 
It was recommended that: 
1. The responsibilities of the Radiation and Chemical 

Safety Officer and the General Safety Officer be 
formally documented in enough detail to eliminate 



2 

2. 

3. 

4. 

any Jurisdictional discrepancies, and eliminate 
the dual responsibility concept now utilized in 
some areas in favor of a singly responsible officer. 

A n  internal memorandum was prepared delineating each 
safety officer's responsibilities, An industrial 
hygiene safety manual was prepared which fully defines 
the program responsibilities and standards. This 
recommendation is considered implemented. 

A respiratory protection program be established in 
accordance with ANSI 288.2-1969 and, further that one 
individual be given the responsibility for coordination 
of all facets of the program. 

The R&CSO has been given this responsibility, and the 
program is considered to be in compliance with ANSI 
288.2-1969. 
implemented. 

This recommendation is considered to be 

Training procedures be developed covering the proper 
use of pesticides, health hazards, and the necessary 
protective equipment to be used by employees, and that 
records of training and retraining be maintained. 

This recommendation has not been implemented and is 
repeated in this report. 

The dose information form used by the Medical Division 
for ordering radioisotopes for patients be initiated 
in writing by the requesting physician. 
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A radioisotope order form has been developed which 
the physician initiates in writing, and the form has 
check off points at each major step up to and including 
administration. These forms are maintained in the 
patient's medical folder and, in- a master file. 
recommendation is considered implemented. 

This 

B. Recommendations of the 1974 Appraisal 

It is recommended that: 
1. The Human Studies Committee document its procedure(s) 

used to assure the adequate implementation of its 
recommendations and/or limitations and conditions 
placed upon research proposals. (Section IV.C.3.) 

2. Research proposals for studies involving human subJects 
include not only an evaluation of the physical h a r m  but 
also an opinion of the psychological, and sociological 
harm associated with the proposed research. (Section 

IV.C.3) 
# 

3. Training procedures be developed covering the proper 
use of pesticides, health hazards, and the necessary 
protective equipment to be used by employees, and that 
records of training and retraining be maintained (a 
repeated recommendation from the 1973 appraisal). 
(Section IV.F.2.) 

Findings 

A. Organization 
The ORAU health physics, industrial. hygiene, and environmental 
protection programs are operated by the Radiation and Chemical 
Safety Officer, two technicians, and a half-time secretary. 
lectively, their 3-1/2 man year effort is distributed approximtely 

Col- 
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1.75 for  heal th  physics, 0.75 fo r  i ndus t r i a l  hygiene, 

0.5 fo r  environmental pol lut ion,  and 0.5 f o r  miscel- 

laneous spec ia l  p ro jec ts ,  teaching, and committee work. 

B. Health Physics 
The heal th  physics program w a s  found t o  be i n  good shape 

and run i n  a professional manner. 

and tour  of most ORAU f a c i l i t i e s  support t h i s  f inding. 

Radiation exposures continue t o  remain’quite low w i t h . a  

m a x i m u m  exposure of about.470 &em and an average of about 

92 mRem. 

and due t o  t h e  minimum s e n s i t i v i t y  o f - t h e  film (20 mRem) 
a l l  zeros are  recorded as 20 &em. Therefore, t h e  minimum 

recorded exposure of ORAU employees i s  80 mRem/year, 

Areview of t h e  records 

ORAU changes f i lm badges on a quarter ly  basis  

About f i v e  employees are  monitored. f o r  neutron exposure. 

During t h e  changeout of a 4 mg 252Cf  source f o r  an 18.8 mg 

252Cf  source, two employees received t h e  only neutron ex- 
posure recorded f o r  ORAU. The m a x i m w w a s  150 mRem. 

In te rna l  exposures a r e  determined through applicable 

Carbon-14 breath analysis ,  tritium bioassay analysis,and 

whole body counting, 

indicate  no s igni f icant  i n t e r n a l  exposure among ORAU 

The results of a l l  these techniques 

employees. 

Course par t ic ipants  are monitored for  i n t e r n a l  and external  

rad ia t ion  exposure when necessary. These exposures are 

comparable t o  those received by ORAU employees. 
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C. ORAU Medical Division 
1. Patient Safety Promam 

The emphasis of this.year's-health protection 
appraisal was on programs in'the Medical Division 
designed to protect human subjects'from possible 
hazards in medical research with experimental drugs 
and procedures, These-programs-were reviewed using 
the "Institutional Guide to Department of Health, 
Education, and Welfare Policy on Protection of 
Human Subjects" as a guide. 
two established committees., with separate responsi- 
bilities, to review research proposals'and to ensure 
that adequate precautions w i l l .  be taken in a l l  
medical research at ORAU. 

nuclide Committee must approve all medical radio- 
nuclide used at ORAU. 
Committee must review and approve research proposals 
primarily to ensure that the benefit outweighs the 
risk, which includes an assessment of the hazards, 
precautions, and the information to be presented to the 
patient to gain informed consent. 

The Medical Division has 

First, the Medical Radio- 

Secondly,'the Human Studies 

2. Medical Radionuclide Committee 
Since the last appraisal the Committee for Use of 
Radioisotopes in Humans has been'renamed the Medical . 
Radionuclide Committee and is also operating under a 
revised charter. This committee is charged with the 
responsibility, as defined by its charter, td ensure 
that the administration of radionuclides to humans 

at ORAU is adequately controlled and to ensure the 
safety of each person administered a radionuclide. To 
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aid the committee in carrying out this responsibility, 
researchers are required to submit a research proposal 
with sufficient information for the committee to make 
a determination on the safety of the radionuclide for 
its intended use. 
for radionuclides used in experimental procedures but 
also those used in well established procedures which 
have been approved by the FDA and the AEC. 

assigns a dose range to each radionuclide it considers 
safe for a given procedure, within which the researcher 
must operate. 
again receive committee approval. 

Proposals must be submitted not only 

I 

I The committee I 
I 
I 

To go beyond this range, the research must 

Y 

One significant change in the revised committee's charter 
is the deletion of ORAU policy guidelines defining the 
maximum radiation dose to human subjects not receiving 
medical benefit from their participation in medical research 
programs. These radiation dose guidelines limited the 
maximum dose to these persons to occupational exposure 
limits. 
committee that considerations of maximum doses are now 
done solely by the Committee on Human Studies. 
mittee on Human Studies documented guidelines, however, 
have not yet been revised to include any dose guidelines. 
Thus, it is suggested that guidelines representing ORAU 
policy be incorporated in the Committee on Human Studies 
guidelines. 

It is the understanding of the chairman of this 

The Com- 

3. Committee on Human Studies 
A review of the minutes of the Committee on Human Studies 
(CHS) meetings pointed up documentation deficiencies in the 
handling of committee recommendations. These minutes 

1 0 4 8 1 5 b  
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represent t he  records o f - ac t ions  taken by t h e  com- 

mittee. - I n  cases where the  CHS.made recommendations 

and/or placed conditions. on research, proposals, t h e i r  

records d i d  not- always- indicate .  what' decision had been 

made by t h e  committee a s ' t o  t h e  adequacy of t h e  imple- 

mentation. 

what act ion was taken with regard t o - t h e  recommendation, 

except t he  committee may have given approval fo r  con- 

I n  most cases it is not readi ly  apgarent 

t inua t ion .of  t h e  research. It 5s fe l t .  by t he  reviewers 

t h a t  formal procedures s t a t ing . s t eps  t o  be followed i n  
gaining approval for recommendation implementation i s  a 

necessary pa r t  of the CHS operating guidelines,  and 

fu r the r  that  t he  committee's records r e f l e c t  the actions 

taken by t h e  committee. 

t h e  CHS formally document procedures used t o  assure t h e  

adequate implementation of i t s  recommendations and/or 

conditions placed upon research proposals. 

T h u s , ' i t . i s  recommended t h a t  

One of the  primary functions of t h e  CHS is t o  make an 

assessment of t he  r i s k  versus benef i t  o f . a l l  research pro- 

posals a t  ORAU. 
gation t o  make sure  t h a t  adequate s teps  a r e  taken t o  

minimize t h e  r i s k ,  if possible.  

mittee i s  doing a commendable job. 

respons ib i l i ty  on . the  researcher t o  ident i fy  the  possible 

r i s k  t o  human subject associated with. t he  research he 

proposes. 

became apparent t h a t  only the  phys ica l ' r i sks  t o  pa t ien t  

were being presented i n  the  proposal f o r  assessment by 

t he  committee. The reviewers were informed t h a t  many times 

the  committee has had questions w i t h  regard t o  psychological 

Inherent i n  t h i s  assessment i s  the obl i -  

I n  t h i s  respec t ,  t h i s  com- 

There is, however, a 

In  reviewing several  research'proposals,  it 
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hazard, and on occasions patients have been restricted 
from some research, by the researcher, for psychological 
reasons. 
made to minimize psychological risk of some research, the 
proper documentation has not been kept. 
recommended that research proposals and the minutes of 
committee meetings for studies involving human subjects 
include not only an evaluation of the physical harm but 
also an opinion on the possible psychological and 
sociological harm associated with the proposed research, 

While it appears that a valid effort is being 

Thus, it is 

4. ORAU Radiopharmaceutical Procedure 
As a result of a misadministration of a radionuclide to 
two Oak Ridge Hospital patients last year, ORAU was re- 
quested to formalize a procedure dealing with the adminis- 
tration of radionuclides. 
was discussed during the appraisal. 
misadministration and the action to be taken was the only 
exception taken by the reviewers. 
discussion, ORAU agreed to modify the procedure to require 
an internal investigation of any ahinidration of a 
radionuclide which differed by 2 20% of the prescribed 
amount and not approved by the attending physician before 
administration. Additionally, any administration of a 
radionuclide exceeding the maximum amount approved by the 
ORAU Medical Radionuclide Committee will require noti- 
fication of the AEC. 

The draft of this procedure 
The definition of 

As a result of the 

The procedure additionally assigns the Chief Clinician 
the responsibility of advising the patient or a responsible 
relative of a misadministration,'if in the doctor's opinion, 
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it could cause a demonstrably adverse e f f ec t  on t h e  

pa t ien t ,  and i f  s o  

t o  the  pa t ien t  or  r e l a t ive ' s  best in t e re s t .  

advising would not be contrary 

D. I ndus t r i a l  Hygiene 

During the  appraisal ,  extensive discussions held with the  

R&CSO indicated tha t  problem areas a t  ORAU have been dea l t  

with i n  an e f f ec t ive  manner. 

control  of tox ic  chemicals as used i n  research and da i ly  

a c t i v i t i e s  at ORAU. Other mador areas of concern are shops, 

(dust  from wood, metal, pa in ts ,  l ead)  animal handling (in- 

fec t ions ,  a l l e rg i e s  t o  dander, use of e ther ,  and the  associated 

biohazards). 

programs as described below. 

c ip i t a t ed  by the  Ehergency Temporary Standard issued i n  

May 1973, have been handled i n  a way which can be endorsed 
by the reviewers. The only carcinogen s t i l l  being used a t  

ORAU i s  benzidine. 

which includes prac t ices  consis tent  with OR0 in te rpre ta t ions  

of the  permanent carcinogen standard. 

on s i t e  have been disposed of i n  an acceptable manner. 

area of discussion was the  ORAU pes t ic ide  program. 

j e c t  w i l l  be covered i n  d e t a i l  i n  Section 1V.F.E. of t h i s  

report .  

The major IH problem i s  the  

Many of these areas have resu l ted  i n  spec i f ic  

Others l i k e  carcinogens, pre- 

Its use i s  the  subject of a safe ty  bu l l e t in  

Other carcinogens found 

Another 

This sub- 

1. Trouble Shootinp; 

A considerable amount of time i s  devoted t o  checking out 
new operations , invest igat ing incidents ,  complying w i t h  

requests fo r  information from t h e  AEC, making requested 

inspections,  e t c .  

of an ac t ive  I H  program, and have been performed effec- 

t i v e l y  during the  past  year. 

These a c t i v i t i e s  are an essen t i a l  pa r t  
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2. Toxic Chemical Labeling 

An e f fec t ive  program fo r  label ing of both l a rge  and 

small quant i t ies  of tox ic  chemicals has been 

in i t i a t ed .  
t o  assure t h a t  l abe l s  are being applied and t h a t  

employees are aware of the program and i t s  purpose. 

The continuing effect iveness  of t h i s  program will be 
assessed i n  fu ture  appraisals .  

The R&CSO s t a f f  act ively survey areas 

As an- in t eg ra l  par t ,  of the toxic. chemical. lab'eling 
and control  program, the R&CSO receives copies of 
a l l  relevant purchase orders f o r  chemicals, compressed 

gases, insec t ic ides ,  pes t ic ides ,  herbicides,  germicides, 

paint  thinner ,  degreasers, solvents and cleaners,  

housekeeping chemicals, e tc .  

process of requesting t h e  same fo r  u l t ra -v io le t  sources, 

l a s e r s ,  and microwave sources. This information assists 

i n  both t h e  ear ly  implementation of required controls ,  

and i n  some cases the suggested subs t i tu t ion  of a less 
hazardous i t e m .  

They a re  a l s o  i n  t h e  

3. Noise 

The only major noise source at  ORAU is t h e  emergency 

generator wnich has been monitored a t  113dB. 

been posted and earmuffs a re  required during operation. 

The effect iveness  of t h i s  administrative control  i s  being 

evaluated by the  R&CSO. 

A sign has 

4. Hood Surveys 

Laboratory hoods a re  checked fo r  maintenance of designed 

flow r a t e s  every s i x  months. 

performance a re  invest igated and repaired. 

Appreciable decrements i n  
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5. Ultra-Violet 

There a re  a considerable number of sources at  ORAU; 
most a re  used fo r  s t e r i l i z a t i o n .  R&CSO i s  evaluating 

any po ten t i a l  hazard associated with these devices. 

A t  t h i s  time only the un i t s  a t  t he  Marmoset F s c i l i t y  

warrant concern. In  the  near fu ture  signs w i l l  be 

posted and t h e  appropriate ins t ruc t ions  issued t o  

a f fec ted  employees. 

6 .  Indus t r i a l  Hygiene Manual 

During t h e  past  year,  R&CSO has prepared and issued 

and Indus t r i a l  Hygiene Manual. This document which 

includes po l i c i e s ,  standards,  r e spons ib i l i t i e s ,  and 

procedures i s  considered by t h e  reviewers t o  be an 

excel lent  descr ipt ion of t h e  ORAU i n d u s t r i a l  hygiene 

program. 

7. Manuals and Safety Bullet ins  

R&CSO per iodical ly  i ssues  documents on safe ty ,  film 

badges , rad ia t ion  safety, radiat ion warning signs , 
resp i ra tor  protection program, laboratory safe ty ,  

perchlor ic  acid safe ty  and benzidine. 

as a.n e f fec t ive  means of communicating sa fe ty  infor- 

mation t o  new employees and t o  inform and reemphasize 

safe ty  pract ices  t o  veteran employees. 

This i s  regarded 

8. Respirators 

The R&CSO has been assigned the  respons ib i l i ty  of 

administering ORAU's  r esp i ra tory  protect ion program. 

ORAU's wr i t ten  procedure fur ther  delegates the  respon- 

s i b i l i t y  of employee t r a in ing  and equipment maintenance 
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t o  divis ion chairman and department heads. 

t o r  

a r e  f o r  emergency use and t ra in ing .  

r e sp i r a to r s  have been purchased which considerably 

increases the  protection capab i l i t i e s  of t h i s  program. 

The appl icat ion of pes t ic ides ,  e tc . ,  by Technical 

Services,  i s  the  only function rout inely requiring t h e  

use of a resp i ra tor .  

t o  t h e  proper care and storage of t h i s  equipment 

appeass necessary f o r  t he  rout ine users i n  Technical 

Services ( see  Section IV.F.2.). ORAU's compliance 

w i t h  ANSI 288.2-1969 is  considered adequate f o r  t h e i r  

needs. 

Respira- 

usage a t  ORAU i s  minimal, and most resp i ra tors  

A number of 

Additional t r a in ing  i n  regard 

E. F a c i l i t i e s  

Tours of ORAU f a c i l i t i e s  included t h e  hosp i t a l ,  Tyrone Road 

Laboratory, Special  Training Division, Museum and t h e  

associated shops, and t h e  Lipid Lab. 

t e r e s t i n g  and informative and afforded t h e  opportunity t o  

assess the  effectiveness of ORAU heal th  protect ion programs 

i n  i t s  most p rac t i ca l  f i e l d  applications.  

s a t i s f i e d  t h a t  a safe and hea l thfu l  working environment i s  

being maintained by the  R&CSO i n  cooperation w i t h  supervisors 

and employees. 

These tours  were in- 

The reviewers were 

F. Environmental Management 

1. General 

ORAU continues t o  have minimal impact on the  l o c a l  a i r  

qua l i ty  s ince na tura l  gas is u t i l i z e d  f o r  heating at all 
i t s  f a c i l i t i e s .  Liquid radioact ive e f f luents  continue 
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2. 

t o  be very small f r o m t h e  Medical Division. 

conducts no incinerat ion or open burning of waste. 
All non-contaminated dry trash. i s  disposed of i n  
the O a k  Ridge municipal l a n d f i l l  and has only minor 

impact. 

ORAU 

Pest i c i  des 

ORAU has modified i t s  pes t ic ide  program i n  t h a t  a 

contract  pes t  control  company now,performs a l l  

termite  treatment i n  addi t ion t o  indoor treatment. 

The R&CSO should review t h e  contract  t o  ensure t h a t  

t h e  pes t ic ide  used i s  reg is te red  for  t h e  intended 

use and complies with a l l  l e g a l  and environmental re- 
quirements. The R&CSO present ly  performs t h i s  review 
on pes t ic ides  purchase requests and t h i s  would J u s t  

be an extension of t h i s  task. 

cide contractor sha l l  be l icensed and furnish ORAU 
w i t h  t h e  following information on t h e  pes t ic ide  used: 

In addi t ion,  t h e  pes t i -  

a. t rade  name and chemical name, 

b. EPA r e g i s t r a t i o n  number, and 

c. complete analysis  

The - lockers u t i l i z e d  f o r  pes t ic ide  s torage are t o  be 

labeled. 

i n  t h e  lockers as was observed during t h i s  appraisal .  

' A l l  unlabeled containers ( b o t t l e s ,  coffee cans, e t c .  are 

Respirators and solvents are not t o  be s tored  

t o  be discarded and a r e  not t o  be s tored i n  t h e  lockers.  

The d i e l d r i n  on hand i s  t o  be disposed of s ince t h i s  

pes t ic ide  has been banned by EPA. 
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The General Safety Officer should (1) i n i t i a t e  

per iodical  pest ic ide t r a in ing ,  ( 2 )  document such 

t r a in ing ,  and ( 3 )  formalize ins t ruc t ions  i n  a docu- 
ment t o  include safe ty  precautions, the proper use 

and care of sa fe ty  equipment, hazards associated 

w i t h  the  chemicals used, symptoms of overexposure, 

and f irst  aid. 

from the  1973 appraisal  and was not implemented. 

Upon completion of the document i n  Item 3 above, it 
is  requested t h a t  a copy be timely provided t o  the 

S&EC Division fo r  review. 

The la t te r  was a recommendation 

R. D. Smith 
Health Physicis t  

R .  W.  Poe 
Health Physicist  

Y 

(/. T. Dufour 
In  dus t r i a1 Hy g i en 

R.  0. Eddins 
Safety Engineer 



KO. 7-1-1 .- 

Senior Staff of Medical Division DATE-L- Ti.nuasy 8 L -_-- 1974 
U- 
SUJJECT MEDICAL RADIONUCLIDE COMMITTEE -- - __c_ 

The Division's Medical Isotope Cotnrnittee has in the past been chaired by 
Dr. 1ki;Yelcy. Because of his absence, I have asked the committee to  review 
its mission which is to assist in the introduction of new racliophaim:iceuticals 
at ORAU. 

The conmittee has asked that its name be chLmged t o  Medical Radionuclide 
Committee and has prepared an operating procedure that I have approved 
(copy attached). I have appointed J. Berger, R. Cloutisr, C, L, Edwards, R, Hayes, 
and C. Lushbaugh to  the new committee and have asked Roger Cloutier to serve as 
its chairman. 

Staff members are reminded that all proposals to administer radionuclides to 
humans must be reviewed by the Medical Radionuclide Committee. Experimental 
procedures will also require the approval of the ORAU-ORNL Committee on Human 
Studies. 

Y Z1r-a~ hin ent 

To: 
D. Brown 

-pR. Cloutier 
C. L. Edwards 
N. Gengozian 
F. Goswitz 
R. Hayes 
T. C, Lee 
G Littleiiield 
C. C. Lushbaugh 
B, Nelson 
R. Ricks 
F. Snyder 
D. C. Swartzendruber 
R. TyndaJl 
P. urso 
H. Vor l~pjck  
R. Wylde 
Infcmnation copies to: r;k. Bingkam, Ms, Banner, Mr. Harmon, bIr. Crozkett  



f,ZS?O::SIBILITIES : 

The coruLt t ee  is r e s p o n s i b l e  to t h e  Neclical E v i s i  on  Cha.Lra-n f o r  e n s u r l - ~ g  t b t  
ti.2 adntn-i:; . _ r a t fon  of radionucliSes t o  hun3p-s a t  OX--U 2 s adequately coctrollcd 
to e n s u c  tliz saf et; of each person a d n i n i s t c r s d  a r a d i c c n c l i d e .  The comi:~e-? 
dozs n o t  have  r e s p o n s i b i l i t y  f o r  othrr a s p e c t s  o€ r a d i s t i c n  sefety s i n c e  ti.t?s." 
a r e  d . r cady  assipe.?.  by t h e  OP.I?U ZIealth cEd Sa fe ty  CoFEittee. 

~ * F ~ ~ . m s ~ l I P  : 

Ths c o m i t t e e ,  a p p o i n t e d  by t h e  Piedical DivLsioa C:lziroczi-t, s h a l l  consist: of at 
1e;st three menbers s e l e c t e d  t o  provide  the coxzittec.? 175th conpetence i n  c a c l z s r  
n d i c l n e ,  r a d i a t i o n  e f f e c t s ,  d o s i n e t r y ,  and sa fe ty .  

QV 3RLX : 

A quorr;in s h a l l  c o n s i s t  of t h r e e  nembers. 

U n 2 3 i ~ o c s  npproval by the  conmi t tea  nsrabers presmt a t  t k s  m e t i n g  is reqzired 
before a proposal can  be  i n s t i t u t e d  a t  OIL?U. The co ia r i t t ee  will i s s u e  author- 
i z e t i o n  on a fcm sini lar  t o  thzt given  i n  A ~ g o n d i x  I. 
are disa?p=m-ed by t h e  c o p s i t t e e  mzy s u b s i t  rhec  t o  the  D l v i s i m  C h a i n s n  ?iJ:Z 

CEII c ~ : - r s r a z r d  the c o m i t t e ?  d e c i s i c z .  

Fersons wh=lsz p r o p c s a l s  

- OPE% :T:X PRCCFIDTXE: 

T b  pzrson  proposing t h e  use of a r ad ionuc l ide  i n  h u ~ a n s  et 0%4U rmst srrbdt; 
a x r i t t - m  Troposal t3 the c o p n i t t e e .  
i i - i f o m i ; i o n  t o  permic the  corn- i t rez  t o  evaluate tke s a f e t y  of the proce6ur.2. 

1. Es tab l i shed  c l i c l c a l  procedCizs  

If the AEC" o r  F ~ J A  
f o r  r o u t i n e  use i n  p a t i e n r s ,  t h e  proposa l  nee2 only c o n s i s t  of  he r a d i o -  
pkar~2ceu:ical p3cl:age inser c and a s t a t e z e n t  t h a t  th2 inatrucrrons 
c . o n % i n d  i n  t?.? package jxsert i.iil1 b? f sllo:.xd. 

Th? p r o p o s a l  rxst con ta in  s u f f i c i o n t  

i have al.rnady approved t h e  radionaclide 2nd p r o c d u r e  

t Q 4 8 1 b b  
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MEMORANDUM 

3 December 73 __ Roger Cloutier DATE 

i /  
Medical Radionuclide Committee - SUBJECT 

File --- COPIEB TO - 
I note with appreciation your work on the Medical Radionuclide 
Committee. The draft outlining the duties and functions of 
the committee sounds good to me. I have only one minor question. 
Under the heading Quorum, in the middle of the first page, it 
says, "All  actions shall require the approval of all members present. " 
I wonder if there is some hazard here that we might foresee. Al l  
the people now on the committee are  reasonable and nonobstructive, 
but if we should at some future date have a member who was un- 
reasonably in opposition to something it seems that we should have 
a method of over-riding him, particularly if the large majority of 
the whole committee thought he was in the wrong. I can% think of 
any straightforward method of doing this and I don't think a great 
deal of time should be wasted on it, since it will probably never 
arise. Perhaps some procedure for calling in an outside consultant 
could be briefly mentioned, simply to imply that a technique of 
appeal could be developed if it seemed needed. 

(.! L+. 

Gould A. Andrews 

e' 
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RADIOPIURMACEUTICAL PROCEDURES .- ORAU MEDICAL D I V I S I O N  

AWINISTRATION PROCEDURES AND RADIATION SAFETY PRECAUTIONS 

1. INTRODUCTICN 

The a d m i n i s t r a t i o n  of med ica l  r a d i o n u c l i d e s  t o  humails r e q u i r e s  
c e r t a i n  p r e c a u t i o n s  t o  e n s u r e  t h e  p a t i e n t ' s  s a f e t y .  Also, d u r i n g  
t h e  a d m i n i s t r a t i o n  of r a d i o p h a r m a c e u t i c a l s ,  t h e r e  is t h e  p o t e n t i a l  
for con tamina t ing  f a c i l i t i e s  and equipment and u n n e c e s s a r i l y  
c s p o s i n g  s t a f f ,  v i s i t o r s ,  and o t h e r  p a t i e n t s .  Even a f t e r  t h e  
r a d i o n u c l i d v  has been a d m i n i s t e r e d ,  the p a t i e n t  may cause con tamina t ion  
or  cxposurc problems f o r  some time, To minimize t h e s e  r a d i a t i o n  
s a f e t y  problems,  t h e  Medical  D i v i s i o n  o b s e r v e s  t h e  f o l l o w i n g  p o l i c i e s  
and p r o c w l u r e s ,  

11. RESPONSIBIIJTIES 

A. Div i s io i l  Chairman 

The Chairman of t h e  Medical  D i v i s i o n  is r e s p o n s i b l e  for  
e n s u r i n g  t h a t  work i n v o l v i n g  t h e  a d m i n i s t r a t i o n  of r a d i o n u c l i d e s  
t o  hunans is perforined i n  acco rdance  w i t h  A s s o c i a t i o n  
and D i v i s i o n  p o l i c i e s  and p r o c e d u r e s .  H e  must e n s u r e  t h a t  
enp loyees  a r e  f a m i l i a r  w i t h  t h e s e  p o l i c i e s  and p r o c e d u r e s  and 
that adequa te  i n s t r u c t i o n ,  t r a i n i n g ,  and mon i to r ing  o r  
p r o t e c t i v e  d e v i c e s  a r e  p r o v i d e d .  

3 .  Medica l  Rad ionuc l ide  Committee 

The ivlcdica?. Rad ionuc l ide  Committee e v a l u a t e s  p r o p o s a l s  f o r  t h o  
u s e  c ) f  r a d i o n u c l i d e s  i n  humans. Only those p r o c e d u r e s  v h i c h  
have r ece i ; cd  a p p r o v a l  by t h i s  Committee may be employed a t  
CRAU i b i d i c a  1 D i v i s i o n .  

C. i 'hysicizns 

Thc p h y s i c i a n  is r e s p o n s i b l e  f o r  t h e  s a f e t y  and w e l f a r e  of t h e  
p a t i c n t  w i t h  r ega rd  t o  t h e  a d m i n i s t r a t i o n  of r a d i o p h a r m c e u t i c a l s .  
H e  must, p e r s o n a l l y  p r e s c r i b e  a l l  r a d i o i s o t o p e  p rocedures  and 
i n t e r p r e t  t h e  r e s u l t s  of s u c h  p r o c e d u r e s .  The p h y s i c i a n  may 
d e l e g a t e  c e r t a i n  a c t i v i t i e s  such  a s  p r e p a r a t i o n  and measurement 
of  r a d i o p h a r m a c e u t i c a l s ,  a d m i n i s t r a t  i o n  of  some p r e e n c a p s u l a t e d  
m a t e r i a l s ,  and o p e r a t i o n  of  a p p r o p r i a t e  d a t a  c o l l e c t i n g  i n s t r u m e n t s  
t o  q u a l i f i e d  t e c h n i c i a n s  and o t h e r  medical  p e r s o n n e l .  It  i s  t h e  
p h y s i c i a n ' s  d u t y  t o  a s s u r e  t h a t  these p e r s o n n e l  a r e  a d e q u a t e l y  
t ra i n  cd , 
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D .  R a d i a t i o n  and Chemical S a f e t y  Office 

The R a d i a t i o n  and Chemical S a f e t y  C f f i c e  (R&CSO) a s s i s t s  t h e  
Medical D i v i s i o n  i n  c a r r y i n g  o u t  i t s  r a d i a t i o n  s a f e t y  d u t i e s .  The 
R&CSO e v a l u a t e s  procedures  and o p e r a t i o n s  t o  e n s u r e  compliance 
w i t h  t h e  A s s o c i a t i o n ' s  r a d i a t i o n  s a f e t y  pol ic ies  a s  e s t a b l i s h e d  i n  t h e  
GRAU R a d i a t i o n  S a f e t y  Manual and provides  inoni tor ing,  t r a i n i n g ,  and 
c o n s u l t i n g  services f o r  a 1 1  Opera t ions  involvi i lg  t h e  u s e  G f  

r a d i a t i o n  o r  r a d i o a c t i v e  m a t e r i a l s .  

I I I .  RADIOPIIAWCEUTICAL ADMINISTRATION PRGCEDURES 

A .  

B. 

C. 

P r e s c r i p t i o n  o f  T e s t  o r  Treatment  

The p a t i e n t ' s  p h y s i c i a n  w i l l :  

P r e s c r i b e  a l l  n u c l e a r  medicine procedures  u s i n g  
s e c t i o n  1 of t h e  r a d i o p h a r m a c e u t i c a l  t rea tment  form 
(Figure  1). N o t i f y  and t r a n s m i t  t h e  form t o  t h e  
rad iopharmaceut ica l  s e c t i o n  so t h a t  t h e  r a d i o -  
pharmaceut ica l  may be procured o r  p r e p a r e d .  

Expla in  t h e  procedure  i n  d e t a i l  t o  t h e  p a t i e n t ,  
i r x l u d i n g  a d i s c u s s i o n  o f  p o t e n t i a l  r i s k s .  

b b t a i n  conscnt  of t h e  p a t i e n t  o r  h i s  guardiarr.  I f  
t h e  procedure is not  d e s i g n a t e d  by t h e  AEC GI- FDA €IS 

a n  e s t a b l i s h e d  u s e ,  w r i t t e n  consent  for a n  e x p e r i m e n t a l  
test o r  t rea tment  must be o b t a i n e d  (Figure 2 ) .  

P r e p n r a t  i o n  of Radiopharmaccut i c a  1s 

Radiopharmaceut icals  art? yrcycred  by t h e  rad iopharmaceut ica l  
section uycn r e q u e s t  by t h e  p h y s i c i a n .  

-- --- --- -- -- -_ 
T h e  p r e p a r e r  of t h e  dose v i l l :  --- 

Complete s e c t i o n  2 of t h e  t rea tment  form 

N o t i f y  t h e  nurses' s t a t i o n  t h a t  t h e  d o s e  is ready .  

P r e p a r a t i o n  of P a t i e n t  

The n u r s i n g  s t a f f  w i l l  p e r f o r u  t h e  n e c e s s a r y  s e t u p  and p r e p a r a t i o n .  
To reduce t h e  p o t e n t i a l  fo r  s p r e a d i n g  contaminat ion ,  t h e  
number cf l o c a t i o n s  where radiopharmaceut  l c a l s  a r e  a d m i n i s t e r e d  
should be  kept  t o  a minimum. Unless r e q u i r e d  f o r  a p a r t i c u l a r  
p r o c e d u r e ,  a d m i n i s t r a t i o n s  should  be performed i n  t h e  t r e a t m e n t  
room (Roon 303) . 



-3- 

Y 

The u s e  of a b s o r b e n t  p a p e r ,  secondary  c o n t a i n e r s ,  s y r i n g e  s h i e l d s ,  
"hot" was te  c o n t a i n e r s ,  gloves, e tc .  w i l l  a l s o  minimize 
unnecessary exposure and t h e  spread  of contaminat ion .  

D. T r a n s p o r t  of Radiopharmaceut icals  t o  t h e  Treatment  Area 

Low a c t i v i t y ,  p r e e n c a p s u l a t e d  radiopharmaceut ica  1s may be 
t r a n s p o r t e d  t o  t h e  t rea tment  a r e a  by t h e  p h y s i c i a n  or t e c h n i c i a n  
p r e p a r i n g  o r  a d m i n i s t e r i n g  t h e  dose .  

'Irhenever t h e  rad iopharmaceut ica l  is i n  t h e  l i q u i d  form or  
c o n t a i n s  more t h a n  1 m i l l i c u r i e  o f  a c t i v i t y ,  t h e  rad iopharmaceut ica l  
s e c t i o n  should n o t i f y  t h e  r e q u e s t i n g  p h y s i c i a n  wh7 w i l l  t h e n  
c o n t a c t  t h e  R a d i a t i o n  and Chemical S a f e t y  C f f i c e  to  t r a n s p o r t  
t h e  r a d i o n u c l i d e  and a s s i s t  i n  i t s  a d m i n i s t r a t  ion .  

The rad iopharmaceut ica l  must be p r o p e r l y  s h i e l d e d  d u r i n g  t r a n s p o r t  
t o  l i m i t  r a d i a t i o n  exposures .  

E. Dose Check 

The Radia t ion  and Chemical S a f e t y  O f f i c e  r e p r e s e n t a t i v e  o r  
t h e  person  a d m i n i s t e r i n g  t h e  dose  w i l l :  

-- 
- 

Verify t h e  q u a n t i t y  of each  r a d i o i s o t o p e  t o  b e  a d m i n i s t e r e d .  
V e r i f i c a t i o n  must be performed by an  i n d i v i d u a l  who vias not  
involved i n  p r e p a r i n g  t h e  dose  o r  performing t h e  
c a l c u l a t i o n s  of volume o r  a c t i v i t y .  An independent check 
of t h e  a c t i v i t y  reduces  t h e  p o t e n t i a l  f o r  i n t r o d u c i n g  
b i a s  i n t o  t h e  dose c a l i b r a t i o n  procedure .  

The person making t h e  d o s e  v e r i f i c a t i o n  completes p a r t  t h r e e  of t h e  
r a d i o p h a r n a c e u t i c n l  t r e a t m e n t  form. 
of the person a d m i n i s t e r i n g  t h e  dose, any abnormaLi t ies  or  
d i s c r e p a n c i e s  i n  t h e  a c t i v i t y  g r e a t e r  t h a n  lOq, .  

- -- -- 
H e  must c a l l  t o  t h e  a t t e n t i o n  

When a b n o r m a l i t i e s  or a c t i v i t y  d i s c r e p a n c i e s  a r e  i d e n t i f i e d ,  
t h e  r e q u e s t i n g  p h y s i c i a n  i s  r e s p o n s i b l e  f o r  t h e  d e c i s i o n  whether  or 
not  t o  a d m i n i s t e r  t h e  r a d i o p h a r m a c e u t i c a l .  

T .  Adinin i s  t r a  t i o n  

A p h y s i c i a n  w i l l  p e r s o n a l l y  a d m i n i s t e r  a l l  r a d i o n u c l i d e s  e x c e p t  
f o r  low a c t i v i t y ,  p r e e n c a p s u l a t e d  forms used f o r  f u n c t i o n  tests. 
The p h y s i c i a n  may d e l e g a t e  t h e  r e s p o n s i b i l i t y  for a d m i n i s t r a t i o n  of 
p r e e n c a p s u l a t e d  m a t e r i a l s  tc;  q u a l i f i e d  t e c h n i c i a n s  o r  o t h e r  
med ic3 1 p e r s o n n e l .  

-- - - 

The p e i ~ s o ~ ~  ddininis ter i r ig  t h e  dose w i l l  chcch t h e  i d e n t i t y  of t h e  
pnt  i L i : L  r ~ c e i v i f i g  t h e  r a d i o n u c l i d e  a g a i n s t  t h e  prescription form. 

i/ 

I 0 4 8 1 1 3  
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I V .  

Involved personnel  w i l l  wear appropr i a t e  p r o t e c t i v e  c l o t h i n g  
and monitoring devices .  

Unneccssary persons w i l l  be p roh ib i t ed  from t h e  t rea tment  room. 

The person  adminis te r ing  t h e  dose w i l l  complete the  bottom s e c t i o n  
of t h e  t rea tment  form. 

Copies of  t h e  t reatment  form w i l l  be d i s t r i b u t e d  i n  t h e  
fo l lowing  manner: 

Or i g ina  1 (ye llow) - p a t i e n t  record  

1st Copy (pink) - radiopharmaceut ical  s e c t i o n  

2nd Copy (green) 

3rd Copy (blue)  

scanning 

nurses  

Nurses w i l l  complete t h e  warning s i g n  (Figure 3) and a f f i x  it t o  
t h e  p a t i e n t ' s  bed. 

A f t e r  t h e  admin i s t r a t ion  of  t h e  r ad io i so tope ,  t h e  s t a f f  involved 
w i  11 : 

Check f o r  contamination of themselves and t h e  
equipment used. 

Place d i sposab le  items i n  t h e  radioact ive-waste  con ta ine r s .  

The person who t ranspor ted  t h e  radiopharmaceut ical  t o  t h e  t rea tment  
a rea  is re spons ib l e  f o r  t h e  r e t u r n  of any unused p o r t i o n  of i t  t o  
t h e  s t o r a g e  v a u l t .  
- 
Nurses w i l l :  

Not i fy  t h e  scanning and count ing equipment ope ra to r s  of 
the  admin i s t r a t ion  time and ar range  schedules  wi th  them. 

Place t h e  t rea tment  form and consent form ( i f  r equ i r ed )  
i n  t h e  p a t i e n t ' s  rccord.  

M I S A D U I N I S T R R T  I O N S  

The fo l lowing  c o n s t i t u t e  misadminis t ra t  ions of r ad iopha rqaceu t i ca l s  
and a r e  t o  be r epor t ed  by t h e  ind iv idua l  d i scove r ing  t h e  e r r o r  t o  t h e  
ch ief  c l i n i c i a n ,  t h e  chairman of  t he  Medical Div is ion ,  and t h e  
Radia t ion  and Chemical S a f e t y  O f f i c e r .  
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1. A d m i n i s t r a t i o n  of a d e f e c t i v e  rad iopharmaceut ica l  

Y 

2. A d m i n i s t r a t i o n  o f  o t h e r  t h a n  t h e  p r e s c r i b e d  
r a d i o n u c l i d e  o r  t o  o t h e r  t h a n  t h e  in tended  p a t i e n t  

3 .  A d m i n i s t r a t i o n  of a rad iopharmaceut ica l  i n  o t h e r  t h a n  t h e  
p r e s c r i b e d  form or manner 

4 .  A d m i n i s t r a t i o n  of  a rad iopharmaceut ica l  i n  a q u a n t i t y  which 
exceeds t h e  a c t i v i t y  range e s t a b l i s h e d  by t h e  ORAU 
Medical  Radionucl ide  Committee f o r  t h e  s p e c i f i c  procedure .  

The RGLCSO w i l l  i n i t i a t e  a n  i n t e r n a l  i n v e s t i g a t i o n  o f  e a c h  m i s -  
a d m i n i s t r a t i o n  and has  t h e  r e s p o n s i b i l i t y  for n o t i f i c a t i o n  of t h e  
Execut ive O f f i c e  and o t h e r  a g e n c i e s  i f  r e q u i r e d .  

- 

When a m i s a d m i n i s t r a t i o n  could c a u s e  a demonstrably a d v e r s e  effect  
on  t h e  p a t i e n t ,  t h e  c h i e f  c l i n i c i a n  is r e s p o n s i b l e  for  a d v i s i n g  t h e  
p a t i e n t  o r  a r e s p o n s i b l e  r e l a t i v e  r e g a r d i n g  t h e  m i s a d m i n i s t r a t i o n ,  
u n l e s s ,  i n  t h e  c l i n c i a n ' s  p r o f e s s i o n a l  judgment, such  n o t i f i c a t i o n  would b e  
c o n t r a r y  t o  t h e  b e s t  i n t e r e s t s  of t h e  p a t i c n t  o r  t h e  r e s p o n s i b l e  r e l a t i v e .  

V .  CONTROL AND BETXIZTIONS OF 1'.4TIENTS 

To reduce unnecessary r a d i a t i o n  exposure t o  o t h e r s  i n  t h e  v i c i n i t y ,  
,)at i e n t s  a2ininis tcred rad ionucl i r lcs  m y  be r e s t r i c t e d  i n  t h e i r  
lllovements u n t i l  t h e  r a d i a t i o n  levels and r i s k s  of contaminat ion  a r e  
w i t h i n  a c c e p t a b l e  l i m i t s .  Zxceyt ions t o  t h e  f o l l o w i n g  g u i d e s  a r e ,  of 
c o u r s e ,  n e c e s s a r y .  For i n s t a n c e ,  p a t i e n t s  may be r e q u i r e d  t o  v i s i t  
dtlier l iobyi tn l  a r e a s  f o r  d i a g n o s t i c  tests.  I n  such i n s t a n c e s  t h e  
p a t i e n t ' s  p h y s i c i a n  w i t h  t h c  he lp  Gf r a d i a t i o n  s a f e t y  p e r s o n n e l  w i l l  
determine thc pi ,ecaut ions  t o  be obscr . red,  

The g e n e r a l  AEC requirement  is  t h a t  p a t  ierits r c c c i v i n g  r a d i o n u c l i d e s  
must be h o s p i t a l i z e d  u n t i l  t h e i r  body c o n t e n t  is less t h a n  30 
i n i l l i c u r i e s .  i 3 c l O w  t h i s  l e v e l  of a c t i v i t y ,  t h e y  may b e  r e l e a s e d  
w i t h  i i i s t r u c t i c n s  from t h e i r  p h y s i c i a n  f o r  l i m i t i n g  r a d i a t i o n  
exposures  to  o t h e r s  i n  t h e  household.  

I f  t h e  p a t i c l i t  remains i n  t h e  ORAU f a c i l i t i e s ,  t h e  f o l l o w i n g  
r e s t r i c t i o n s  ,vi11 b e  a p p l i e d .  

A .  F a c i l i t i e s  

P n t i c n t s  r e c c i v i n g  a dose l a r g e r  than  1 m i l l i c u r i e  normally occupy 
rooin 302-315 a t  t h e  s o u t h  end of t h e  h o s p i t a l  wing, t h e r e b y  l i m i t i n g  
p o t e n t i a l  contaminat ion  t o  s m a l l e r  a r e a s .  

$"' 

1 0 4 8 1 1 5  
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S i n c e  p a t i e n t s  who have r e c e i v e d  l a r g e  q u a n t i t i e s  of r a d i o n u c l i d e s ,  
e . g .  100 mCi 1311,pose an  e x t e r n a l  r a d i a t i o n  hazard t o  s t a f f ,  
v i s i to rs ,  and o t h e r  p a t i e n t s ,  two single-occupancy r o o m ,  311 and 315, 
a r e  provided f o r  t h e i r  use .  

3. Contro l  of Contamination 

P e t i e n t s  adminis te red  more t h a n  1 m i l l i c u r i e  o f  a r a p i d l y  
e x c r e t e d  rad iopharmaceut ica l  a r e  r e s t r i c t e d  to  t h e i r  room for  a t  
l e a s t  2 4  hours  a f t e r  a d m i n i s t r a t i o n .  The p h y s i c i a n  w i l l  inforin 
t h e  p a t i e n t  o f  t h e  p r e c a u t i o n s  n e c e s s a r y  to  restrict t h e  
spread  of  contaminat ion.  

A l l  h o s y i t s  1 p e r s o n n e l  and v i s i t o r s  should  minimize t h e  frequency 
of  e n t r i e s  t o  rooms d u r i n g  t h i s  t i m e .  H o s p i t a l  s t a f f  w i l l :  

F r e q u e n t l y  u s e  t h e  i n s t r u m e n t s  i n  t h e  t r e a t m e n t  room 
o r  n u r s e s '  s t a t i o n  t o  moni tor  hands and f e e t .  

Dispose of  a l . l  waste  a c c o r d i n g  t o  r a d i o a c t i v e  was te  
d i s p o s a l  procedures .  
t h e  f i r s t  2 4  hours  is to  be c o l l e c t e d  and p laced  i n  
t h e  s p e c i a l  hot-waste d r a i n s .  

Urine from such  p a t i e n t s  d u r i n g  

when t h e  p o t e n t i a l  f o r  contaminat ion  is h i g h ,  the 
R a d i a t i o n  and Chemical S a f e t y  Off i c e  w i l l  a s s i s t  i n  de te rming  
n e c e s s a r y  s t e p s  t o  c o n t r o l  t h e  r e l e a s e  and spread  of contaminat ion  
and w i l l  i n c r e a s e  a r e a  monitor ing t o  e n s u r e  i t s  e a r l y  d e t e c t i o n .  

C. C o n t r o l  of E x t e r n a l  R a d i a t i o n  

'Vlien 3 p a t i e n t  r e c e i v e s  t h e r a p e u t i c  q u a n t i t i e s  of  r a d i o a c t i v e  
i n a t e r i a l ,  he may emit s i g n i f i c a n t  l e v e l s  of e x t e r n a l  r a d i a t i o n .  
%en p o s s i b l e  such  p a t i e n t s  vi11 occupy rooms 311 o r  315. 
P a t i e n t s  adminis te red  r a d i o n u c l i d e s  will remain i n  t h e i r  rooms 
u n t i l  r a d i a t i o n  l e v e l s  measured a t  one meter from them a r e  below 
2 m i l l i r o e n t g e n s  p e r  hour .  

D. Release from R e s t r i c t i o n s  

The RkCSO w i l l  determine when r a d i a t i o n  l e v e l s  o r  contaminat ion  
p o t e n t i a l  permi t  the l i f t i n g  of t h e  above r e s t r i c t i o n s  and w i l l  
n o t i f y  t h e  n u r s i n g  s t a f f .  

V I .  VIS ITOR CONTROL 

V i s i t o r s  t o  p a t i e n t s  r e s t r i c t e d  for contaminat  ion c o n t r o l  should  b e  
kept  t o  a miniinuni e s p e c i a l l y  d u r i n g  t h e  2 4  hours  a f t e r  a d m i n i s t r a t i o n  
of more than  1 m i l l i c u r i e  o f  e x c r e t a b l e  a c t i v i t y .  For  p r o t e c t i o n  
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from e x t e r n a l  r a d i a t i o n  exposure ,  v i s i t o r s  should  not  e n t e r  a r e a s  
where r a d i a t i o n  l e v e l s  exceed 2 m i l l i r o e n t g e n s  p e r  hour .  

VII. SURGERY 

The R&CSO should  be n o t i f i e d  of all in tended  s u r g i c a l  p rocedures  
on p a t i e n t s  who may c o n t a i n  more than  5 m i l l i c u r i e s  of  r a d i o n u c l i d e  
so t h a t  a p p r o p r i a t e  r a d i a t i o n  and contaminat ion  c o n t r o l  procedures  
can be i n s t i t u t e d .  Vhenever possible ,  s u r g e r y  i n v o l v i n g  p o t e n t i a l  
s p r e a d  of contaminat ion  should be performed w i t h i n  ORAU f a c i l i t i e s .  

VI 11. DEXASED PATIEhiS 

Yhen a p a t i e n t  c o n t a i n i n g  more t h a n  5 m i l l i c u r i e s  of r a d i o n u c l i d e s  d ies ,  
t h e  n u r s i n g  s t a f f  w i l l  n o t i f y  t h e  RLCSO t o  survey  b o d i e s  and de termine  
t h e  need f o r  handl ing  p r e c a u t i o n s  or r e s t r i c t i o n s  d u r i n g  a u t o p s y  
procedures .  

W 
t 

OI$.+Nedical D i v i s i o n  

/ R a d i a t i o n  and Chemical 
S a f e t y  C f f i c e r  Y 
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1. 

RADIOPHARMACEUTICAL TREATMENT RECORD 

PRESCRIPTION: 

1 Hospital n2, (1. ORAU, 2. ORH, 3. Other (specify) 

ORAU Patient No. (if applicable) 281 I I I 131 

32 m33-34 ekmennr m36 atomic wt. enter .37 n "M" if 

Radionuclide Activity 38 1711 40 41 m 4 4 m C i  

isomeric state 
Date to  

Compound Route be Given 

Procedures (enter corresponding numerical iden tificationl 

46 U 
47 

n Y' 49 
51 

0 4 s  

U 4 8  

0 5 0  

0 5 2  

01 
02 
03 
04 
05 
06 
07 
08 

Brain scan 09 Total body scan 
Liver scan 
Lung scan 11 Whole body'count 
Skeletal scan 12 Red cell survival 
Spleen scan 13 Schillings test 
Thyroid scan 14 Thyroid uptake 
Linear scan 15 Other (specify) 
Torso scan 

10 Area scan (specify) 

.- 

Additional tests or instructions 

- 

Prescribing physician Date 
- =T 

/signa turel --- - 
I 

2. RADIOPHARMACEUTICAL IDENTIFICATION: Supplier Lot No. 

Voiume to be administered capsules, cup. or cc 

Calculation or preparation by 
-~ - 

3. DOSE CALIBRATION: Activity (from dose calibrator) itiCi 

Measured by 
-- _ _  - __ - 

4. ADMINISTRATION RECORD: Date 53 rIs4 55 m,, 57 Time 
Mo. Da Y Year 

Ad m in i s  t e r i ng Ph y sici a n or Technician 
9 

Remarks 

1 0 4 0 1 1 8  Figure 1. Radiopharmaceutical Treatment Record Form 



OAK RIDGE ASSOCIATED UNIVERSITIES 

Oak Ridge, Tennessee 

Authorization for the Administration of Radioactive Substance 

I hereby authorize the staff of the ORINS Medical Division to 

administer to the following r8dio- 

active substance 
Nuclide Chemical 

-. 
Dose Route of administration 

The purpose of this procedure has been explained to me 8s being: 

Its relevance to my condition, the risks and any possible alternatives 
have been explained to me. 

Name of patient 

Date 

Figure 2 .  Informed consent form. 

AUTHORIZATION FOR THE ADMINISTRATION OF RADIOACTIVE SUBSTANCE MED-148(2-671 
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MEMORANDUM 
7 November 1973 Those listed below DATE 

MEETING OF MEDICAL ISOTOPE COMMITTEE 

Dr. Andrews, file 

- Y 
SUBJtCT 

cowm TO - - 

Edwards 
Lushbaugh 
Hayes J 
Cloutier 4- 
Berger 
Harmon 

The ORAU Medical Isotope Committee will meet at 2:OO p.m. on Wednesday, 
November 14, 1973 in the second floor conference room to review its 
present status. At this meeting we will consider: 

1. What is the role of the Medical Isotope Committee today? 

a. 
b. 

Approve a l l  routine medical uses of radionuclides? 
Approve experimental uses of radionuclides for 
submission to Human Use Committee? 
Approve all medical uses of radionuclides? 
Review all medical uses of radionuclides routinely? 

c. 
d. 
e. Investigate all misadministrations? 
f. 
What is the committee's relationship to the Human U s e  Committee? 

Decide what action is required on NDA's and IND's? 
2. 
3. Who should be members of the Medical Isotope Committee? 
4. Any other pertinent topics. 

After the meeting, I will update the description of the comnittee's 
responsibilities. A copy of the conmittee's responsibilities as 
outlined in March 1967 is attached. 

The committee w i l l  meet at a later date to take action on a nunber 
of items that require review. 

RJC:vrs 

- .P Attachment 

I04018 t 
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I. 

I1 . 

RADIATION SAFETY PRECAUTIONS FOR ADMINISTERED 
RADIOPHM(HACBVT1CALS 

The administration of medical radionuclide8 to  hrrmam requires 
ce r t a in  precautions t o  ensure the  patient's safety. 
the  administration of radiopharmaceuticalr, there  is the potent ia l  
for contaminating facilities and equipment and unnecessarily 
exposing s t a f f ,  visitor., and other  patients.  Even a f t e r  the  
radionuclide has been s b i n i s t e r e d ,  the  pa t ien t  may cause contamination 
or exposure problems f o r  some t ime.  
safety problems, the Medical Division observes the following pol ic ies  
and procedures, 

Also, du r im 

To minimize these radiat ion 

RADIORIARHACEUTICAL ADMNSSTMTION 

The physician is responsible f o r  the safety and welfare of the  
pa t ien t  with regard t o  the  administration of radiopharaaceuticals. 
Re must personally prescribe a11 radioisotope procedures and 
in t e rp re t  the r e s u l t s  of such procedures. The physician may 
delegate ce r t a in  activities such as preparation and rneasurenwnt 
of radiopharmaceuticals, a th in t s t r a t ion  of some preencapsulated 
materials,  and operation of appropriate data col lect ing instrtlments 
t o  qual i f ied technicians and other medical personnel.--It is the 
physician's duty t o  aseure t h a t  these personnel are adequately 
trained. 

A. Prescription of T e s t  o r  Treatment 

The pat ient  f s physician w i l l  : 

Prescribe a l l  nuclear medicine procedures. 
procedures designated by the AEC as established uses 
(see Appendix A) and those having received approval 
by the  ORAU HuMn Isotope Use Comnittee may be employed 
a t  the ORAU Medical Division. 

Only those 

Explain the procedure i n  d e t a i l  t o  the pa t ien t  including 
a d i  scussfon of po ten t ia l  risks. 

Obtain consent of the  pa t ien t  or h i s  guardian. 
procedure is not designated by the AEC as an established 
use, wri t ten consent f o r  an experimental test or treatment 
must be obtained (Figure 1). 

If the  

W 

I O 4 8 1 8 2  9/73 
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Prescribe the isotope, activity, chemical form, and 
desired adPriniotration ttme using section 1 of the 
radiophannaceutical prescription form (Figure 2). 
Notify 8nd transmit copies one through three (1-3) 
of the form to the radiopharmaceutical section so 
that the radiopharmaceutical may be procured or prepared. 

Post the fourth copy of the form at the nurses station. 
nit copy will scNe to notify scanning, nursing, and 
other laboratory personnel of upcoming procedures. 

B, Preparation of Radiopharmaceuticals 

Radiophannaceuticals am prepared by the radiopharmaceutical 
section upon request by the physician. 

The preparer of the dose will: 

Complete section 2 of the prescription form. 

Notify the nurses1 station that the dose is ready. 

C. Reparation of Patient 

The nursing staff d l 1  perform the necessary setup and preparation. 
To reduce the potential for spreading contamination, the 
number of locations where radiophamaceatfcrlr are administered 
should be kept to a miniwrm. Unless required for a particular 
procedure, administration8 should be performed in the treatment 
roan (Roan 303). 

The use of absorbent paper, secondary containers, syringe shields, 
"hot" nstc contaimts, gloves, etc. will also minimize 
unnecercrery exposure and the spread of contmination. 

D. Transport of Radiopharmaceuticals to the Treatment Area 

The radiopharmcautiul will be transported to the treatment 
area in the shielded cart. 
liauid form or contains more than 1 millicurie of activity, 

If the radiopharmaceutical is in 

th; radiophaxmaceuticrl section should notify the requesting 
~ h y o k i a n  who will then contact the Radiation and Chemical Safety 
Office to transport the radionuclide and assist in its administration. 
Low activity, preencapsulated radiopharmaceuticals may be transported to 
the treatment area by the physician or technictan preparing or 
administering the dose. 

* 
.. - 

t 0 4 8 1 8 3  



E, Dose Check 
W The Itadlation and C h d c d  Safety Office representative O r  the  perron 

acbninirterisg the dose will:  

Verify the  quantity of each radioflotope t o  be a b i n i s t e r e d ,  
usisg a dose cal ibrator ,  and complete the th i rd  sect ion 
of the dose prescr ipt ion form. 

C a l l  t o  the a t t en t ion  of the perron administering the  
dose, aba6xxmlitie8 o r  discrepancies i n  the  a c t i v i t y  
greater than 1oX. 
d i s c r e p n c t e r  are ident i f ied,  the  requesting physician 
is responsible f o r  the decision whether o r  not t o  administer 
the radiopharmaceutical. 

Where abn0rrPolft&88 o r  ac t iv i ty  

Whenever porsible ver i f ica t ion  of the  a c t i v i t y  being 
adminirtered rhould be performed by an indivdual who was 
not involved i n  preparing the  d o m  o r  performing the 
calculat ions of voluae o r  act ivi ty .  
of the a c t i v i t y  w f l l  reduce the potent ia l  f o r  intoducing 
b f a s  i n to  the dose ca l ibra t ion  procedure. 

An independent check 

F. M n f s t r a t l o n  

The physician w i l l  pe r so ru l l j  perform all radioisotope 
ada in i r t ra t ions  irrpolvlng other  than the law ac t iv i ty ,  
preencapsulated formr f o r  €unction tests. 
delegate the responsibi l i ty  f o r  a b i n i s t r a t i o n s  of these 
preencup8ulated materials t o  qual i f ied technicians o r  other  
Pcdical personnel. 

The physician ma7 

Irwolvrd per80xmef w i l l  wear appropriate protect ive clothing 
and monitoring dwfces.  

Unnecessary persons ut11 be prohibited fran the  treatment ram. 

The perron administering the dose w i l l  complete the bottom sect ion 
of the dose prescrippion form, 

Three copies of the  prescr ipt ion form will be d is t r ibu ted  i n  the 
folllowtng manner: 

o r ig in r l  - l e f t  with nurses fo r  pa t ien t  record 

1st copg - rent  t o  scanning 

2nd Copy - returned t o  radioassay f o r  f i l i n g  

Wursts wil l  caqlete  the warning r Q n  (Figure 3) and a f f i x  it t o  
the pa t ien t ' s  bed, 



After the administration of t h e  radioisotope, the s t a f f  involved 
w i l l  : 

Check f o r  contaeinatian of thamse1ves and the 
equipment used. 

Place disposable i t a a s  i n  the radioactive-waste containerso 

The person who transported the rsdlophannaceutfcal t o  the treatmtnt - ama is responsible f o r  the re turn  of any unused portion of it t o  
the storage vault. 

Marser will:  

Notify the scanning and counting equipment operators of 
the  administration time and arrange schedules with than. 

Place the dose prescr ipt ion form and consent form 
( i f  required) i n  the pa t ien t ' s  record. 

111. CWTROL AND RESTRICTIONS OF PATIENTS 

To reduce unnecersary rad ia t ion  exposure t o  others  in the  v ic in i ty ,  
pa t ien ts  adm.lntstered radiof6otop6s may be r e s t r i c t ed  in t h e i r  
movements u n t i l  the  rad ia t ion  levels and risks of contamination are 
withfn acceptable lbits .  
course, necessary. For instance, pa t ien ts  may be required t o  v i s i t  
o ther  h o q i t a l  areas f o r  diagnostic tests. 
pa t ien t ' s  physician v i t h  the help of rad ia t ion  safety personnel w i l l  
determine the  precautions t o  be observed. 

Exceptions t o  the  folloving guides are, of 

I n  such instances the 

The general AEC requiranent 
must be hospitalized u n t i l  t h e i r  body content is less than 30 
mil l icur ies .  Below t h i s  level of ac t iv i ty ,  they may be released 
wfth ins t ruc t ions  from t h e i r  physician for  l imit ing rad ia t ion  
exposures t o  others  i n  the household, 

is that pa t i en t s  receiving radioisotopes 

If the  p a t f t n t  renaina fn the  QBAU f a c i l i t i e s ,  the following r e s t r i c t i o n s  
w i l l  be applied, 

A. F a c i l i t i e s  

Pa t ien ts  receiving a doee l a rger  than 1 mi l l i cu r i e  normally 
occupy rooms 302-315 a t  the south end of the hospi ta l  Wing, 
thereby lfmiting poten t ia l  contamination t o  smaller areas. 
Since pa t ien ts  who have receivied large quant i t ies  of radioi-  
sotopes, cog., 100 a C i  1311 pose an external radiat ion hazard 
t o  staff, v i s i t o r s ,  and other  pat ients ,  t w o  single-occupancy 
rocuns, 311 and 315, are provided f o r  t h e i r  use, 



W B. Control of Contamination 

.w 

P a t i e n t s  administered more than 1 m i l l i c u r i e  of a r ap id ly  
excreted isotope are r e s t r i c t e d  t o  t h e i r  roams for a t  l e a s t  
24 hours a f t e r  adn in i s t r a t ion .  
p a t i e n t  of t h e  precautions necessary t o  rest r ic t  t h e  spread 
of contamination. 

The phys ic ian  w i l l  inform the  

A l l  h o s p i t a l  personnel and v i s i t o r s  should minimize t h e  frequency 
of e n t r i e s  t o  roans during t h i s  time, Hospital  s t a f f  w i l l :  

Frequently use t h e  instruments i n  t h e  treatment room 
o r  nurses' s t a t i o n  t o  monitor hands and feet .  

Dispose of  a l l  waste according t o  r ad ioac t ive  waste 
d isposa l  procedures. 
t h e  first 24 hours is t o  be co l l ec t ed  and placed i n  
t h e  spec ia l  hot-waste drains. 

Urine from such p a t i e n t s  during 

When t h e  p o t e n t i a l  f o r  contamination i s  high, t h e  Radiation and 
Chemical Safety Off ice  w i l l  assist f n  determining necessary s t e p s  
t o  control t h e  release and spread of contamination and w i l l  
increase  area monitoring t o  ensure i t s  e a r l y  detection. 

C, Control of External Radiation 

When a p a t i e n t  receives therapeut ic  q u a n t i t i e s  of rad ioac t ive  
material, he  may emit s i g n i f i c a n t  levels of external rad ia t ion .  
When pocrsible such paCients w i l l  occupy rooms 311 o r  315. 
P a t i e n t s  administered rad io iso topes  w i l l  remain i n  t h e i r  roans 
u n t i l  r a d i a t i o n  levels measured a t  one meter from them are 
below 2 mil l i roentgens  pe r  hour. 

I>. Release from Res t r i c t ions  

The R&CSO w i l l  determine when r a d i a t i o n  levels o r  contamination 
p o t e n t i a l  penni t  t h e  l i f t i n g  of t he  above r e s t r i c t i o n s  and 
w i l l  n o t i f y  t h e  nursing s t a f f ,  

I V .  VISITOR CONTROL 

V i s i t o r s  t o  p a t i e n t s  r e s t r i c t e d  f o r  contamination con t ro l  should be 
kept to a minimum espec ia l ly  during the  24 hours a f t e r  adminis t ra t ion  
of more than 1 m i l l i c u r i e  of excre tab le  a c t i v i t y ,  For p ro tec t ion  
fnan ex te rna l  r a d i a t i o n  exposure, v i s i t o r s  should not e n t e r  a r eas  
where r a d i a t i o n  levels exceed 2 mil l i roentgens  per hour. 



V. SURGERY 
W 

k c  R6CSO should be not i f ied of a l l  intended surgical procedures 
on pat ien ts  who may contain more than 5 mil l icur ies  of radio- 
nuclide so t ha t  appropriate radiat ion and contamination control 
procedures can be inst i tuted.  Whenever possible, surgery 
involving potent ia l  spread of contamination should be performed 
within ORAU f a c i l i t i e s .  

VI. DECEASED PATIENTS 

When a pat ien t  dies, the nursfng s t a f f  will not i fy  the KCSO, who 
wi l l  survey bodies containing more than 5 millicuries of 
radioisotopes and w i l l  deternine the need f o r  handling precautions 
o r  r e s t r i c t ions  during autopsy procedures. 



OAK RIDGE ASSOCIATED UNIVERSITIES 

Oak Ridge ,. Tennessee 

A u t h o r i z a t i o n  f o r  t h e  A d m i n i s t r a t i o n  o f  Rad ioac t ive  Subs tance  

I hereby  a u t h o r i z e  the s t a f f  of t h e  ORINS Medical D i v i s i o n  t o  
I )  

adminis  t e k  t o  the f o l l o w i n s  r a d i o -  

a c t i v e  s u b s t a n c e  
Nucl ide  Chemical 

Dose Route of a d m i n i s t r a t i o n  

The purpose  o f  t h i s  p rocedure  h a s  been  e x p l a i n e d  t o  me a5 be ing :  

I t s  r e l e v a n c e  t o  my c o n d i t i o n ,  t h e  r i s k s  and any possible a l t e r n a t i v e s  
have been e x p l a i n e d  t o  me. 

Name of p a t i e n t  

Date 

Figure 1. Consent form. 

1 0 1 6 1 8 8  
AUTHORIZATION FOR THE ADMINISTRATION OF RADIOACTIVE SURSTAXCE MED-148(2-67) 



_- I , I ,#/I, l l  

RADIOPHARMACEUTICAL TREATMENT RECORD 

w 
1. PRESCRIPTION: 

Name of Patient (last, first, middle) , 
(leave space between names; omit punctuation marks) 

Hospital u27 (1. ORAU. 2. ORH, 3. Other (specify) 1 

ORAU Patient No. (if applicable) 28 T T T T ] 3 1  

element atomic wt. enter " M " i f  
isomeric state 

32 
Radionuclide Activity 38 l m 4 0  41 r P / T 1 4 4 " "  

Date to 
be Given Compound Route 

Procedures (enter corresponding numerical identification) 

46 0 n 4 6  

47 0 a 4 8  

49 0 0 5 0  

51 0 0 5 2  

w 

01 Brain scan 09 Total body scan 
02 Liver scan 10 Area scan (specify) 
03 Lung scan 11 Whole body count 
04 Skeletal scan 12 Red cell survival 
05 Spleen scan 13 Schillings tes t  
06 Thyroid scan 14 Thyroid uptake 
07 Linear scan 15 Other (specify) 
08 Torsoscan 

Additional tests  or instructions 

Prescribing physician Date 
-- _ -  - (signa ture) 

2. RADIOPHARMACEUTICAL IDENTIFICATION: Supplier Lot No. 

Volume to be administered capsules, cup, or cc 

Calculation or preparation by 

3. DOSE CALIBRATION: Activity (from dose calibrator) tIICi 

_- __ 

4. ADM~N~STRATION RECORD: 
Date 53 ms4 55 m56 57 m58 Time 

MO. Day Year 

Administering Physician or Technician 
- w 

1048189 
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i so-r OPE CHEMICAL FOZ5I 

lodinc 125 Iodopyracet, Sodiuni 
Iodohippu rate, 
Sodium Dialrizoatc, 
Diatrizoate Methyl- 
glucamine, Sodium 
Diprotrizoate, 
Sod i:im Ace trizoate, 
or Sodium lothalamate 

Iodine 125 

Iron 59 

Iridium 192 

Krypton S5 

Mercury 197 

Mercury 197 

Mercury 203 

Phospliorus 32 

Phosphorus 32 

Labeled Fats and/or . 
Fatty Acids 

Chloride, Citrate 
and/or Sulfate 

Seeds Encased in 
Nylon Ribbon 

G3S 

Chlormerodrin 

Chlormerodrin 

Chlormerodrin 

Soluble Phosphate 

Soluble Phosphate 

Phosphorus 32 Colloidal Chromic 
Phosphate 

Phosphorus 32 Colloidal Chromic 
Phosphate 

Potassium42 Chloride 

Selenium 75 Sclenome thionine 

Strontium 85 Nitrate or Chloride 

Strontium 30 Xlcdical t’,pplicator 

USE ’ 

Kidney function stiidics 

Fat absorption studies 

Iron turnover studics 

Interstitial treatment 
of cancer 

Diagnosis of cardiac 
abnormalities 

Kidney imaging 

Brain imaging 

Brain imaging 

Treatment of polycythemia vera 

Treatment of leukemia and 
bone metastasis 

Intracavitary treatment 
of malignant effusions 

Interstitial treatment of 
cancer 

Potassium space studies 

Pancreas imaging 

Bone imagjng on patients with 
known or suspected cancer 

Treatment of superficial eye 
conditions 

Brain in!sging 

Thyroid iniajng 

Livcr arid Splccn inuging 



ISOTOPE CHEXf ICAL FOE31 

Tec hnr t i iini 99 ni Per techne t;i t c 

Technetium 99m Pertechnetate 

T~chnc titlin 99m PC tec!me tatc 

Technetium 99111 Iron-Ascorbate- 
Die thylenetriamine 
Pcntascetic Acid 
Complex 

Xenon 133 Free Gas or in 
sol u t ion 

USE 

Placcn ta IocJization 

‘Illood pod irnlging 

Salivary g l d  imaging 

Kidney imaging 

Diasnosis of cardiac ahnorrndties 
Blood-flow studies 
Pulmonary function studies 

1 0 1 8 1 9 2  \ 
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Committee f o r  U s e  of Radioisotopes i n  Humans 

Medical Division .. 
Oak Ridge Associated Universities 

March 23, 1967 

I .  Committee's Mission 

To ' r ece ive ,  evaluate, approve, and monitor proposals f o r  new uses of 
r ad io i so topes  i n  human beings. 
less formal, arrangement t h a t  has  been operating. 

This committee w i l l  r ep lace  the earlier, 

11. Cormnittee Membership 

The committee, appointed by t h e  Div is ion  Chairman, c o n s i s t s  of D r .  
Edwards, Dr .  Lushbaugh, M r .  C lou t i e r ,  D r .  Kniseley, D r .  Hayes, 
and Mr. Harmon (ex o f f i c i o ) .  A mmber of t h e  Health Physics group - 
M r .  C lou t i e r  o r  h i s  de l ega te  - must be p resen t  o r  represented  by h i s  
document. 
should b e  p re sen t ,  one of whom may be replaced by t h e  Div is ion  
Chairman. 

P ro toco l  f o r  a Proposal f o r  a New U s e  

A. 

O f  t h e  o the r  four  vo t ing  members; a t  least three persons 

111. 

A w r i t t e n  proposal should be  submitted i n  advance of any meeting 
f o r  study by each committee member. 

B. The following o u t l i n e  should be used: 

1. 
2, Radioisotope 
3. Chemical form 
4. Route of adminis t ra t ion  
5 .  
6 .  Experimental protocol:  

Question that the  research migkanswer 

Proposed dosage (chemical and rad io iso topic)  

a: 
b. Duration of s t u d i e s  
c. 

Number and s e l e c t i o n  of s u b j e c t s  

Types and frequency of  assays  

C. To make an  eva lua t ion  of t h e  proposal,  t h e  following information 
m u s t  accompany it : 

. .  

1. Animal d i s t r i b u t i o n  d a t a  and c a l c u l a t i o n  of r a d i a t i o n  dose t o  
whole body and c r i t i ca l  organs 

2. 

3. 

Related and p e r t i n e n t  human d a t a  

Appraisal  of chemical r a d i a t i o n  and in fec t ious  hazards. 

c 



- 2 -  

P 
W 

I V .  Guidelines f o r  Dosage 

A. The i n v e s t i g a t o r  must provide general  information about t h e  age, 
sex, weight, and state of h e a l t h  of t h e  volunteers t o  be se lec ted .  
The b e s t  estimate of t he  r e t e n t i o n  of t h e  i so tope  i n  the  body and 
cr i t ical  organ(s) must a l s o  be submitted so that the  committee 
might eva lua te  t h e  an t i c ipa t ed  exposure. 

P r i o r  to the  i n i t i a t i o n  of t h e  experimental program, the  volunteer ' s  
exposure record should be  submitted t o  t h e  committee so t h a t  it 
may be  assured t h a t  the  volunteer has  not a l ready  exceeded the 
accumulated exposure of 5 ( N  - 18) when N i s  t h e  age i n  years.  

The committee wil l  not  approve the  adminis t ra t ion  of any exposure 
t h a t  when added t o  t h e  ind iv idua l ' s  a n t i c i p a t e d  occupational . 
exposure during the  period of t h e  proposed experiment w i l l  exceed 
the  following limits t h a t  are i n  accordance with t h e  ICW occupa- 
t i o n a l  exposure limits: , 

B. 
. 

C. 

Whole body, 
1. Normal b lood-f orming 

Adult . organs, gonads - 
Thyroid, . 

sk in ,  
bone 

Other 
i n t e r n a l  
organs 

remjweek 0.3 0.6 0.3 

red13 consecu- . 
tive . weeks 3.0 10.0 4 .O 

rem/year 5.0 30 .O 15 .o 

2. Women of 
Reproductive Age 

remjweek 0.3 

r e m j l 3  consecu- 
tive weeks 1.3 

r e d y e a r  5.0 

1048194 
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V. Selection of Subjects 

Recruitment of volunteers must f a l l  within pol ic ies  established i n  
the Division (See Policy Statement Attached.) 

VI. Approval of protocol w i l l  consist of a concise written summary of 
its extent signed by the participating members, and w i l l  re f lect  
complete committee concurrence. 

Chairman, Medical Division 

Note: Mr. Harmon and Mr. Elza prepared this for  the file on April 12, 1973. 
He has a Xerox copy and also gave one to Dr. Edwards and one to  Mr. Elza. 

C 



-- Medical Radionucl ide Commit t e e  DATE 29 November 1973 

- w  
;jUejEeT DATE OF KEXT PIEETING -- - 
cop,lEII Members, D r .  Andrews, f i l e  

--- -- 

The Medical Radionucl ide Committee w i l l  meet a t  2:OO p.m. on Tuesday, 
4 December 1973 in t h e  second f l o o r  conference room. 
i n  t h e  d a t e  from t h a t  announced (Dec. 5, 1973) i n  my earlier memo. 
The main purpose of  t h e  meeting i s  t o  d i s c u s s  t h e  d r a f t  of t h e  
committee 's  r e s p o n s i b i l i t i e s  and ope ra t ing  r u l e s  d i s t r i b u t e d  earlier. 

This i s  a change 

Members : 
Berger 
Cloutier J 
Edwards 
Harmon 
Hzyes 
Lu shbaugh 

- . Roger' J . X l o u t i e r  



MEMORANDUM 
Medical Radionuclide Committee 
(Medical Isotope Committee) DATE 23 November 1973 - 

0 - ~ U ~ J ~ C T  PROPOSED RESPONSIBILITIES AND OPERATIN G RULES --- 

COplEm TO Members, Dr. Andrews, file 

Attached is a draft of the proposed responsibilities and 
operating rules for the Committee. It is also proposed 
that the Committee be known as the ORAU Medical Radionuclide 
Committee. Would you l o o k  over the draft and be prepared to 
discuss any changes you feel are necessary at the 5 December 
1973 meeting of the Committee. This meeting will be held at 
2:OO p.m. in the second floor conference room. 

RJC: vr s 

r 
Committee Members: 
Berger 
Clout ier 
Edwards 
Harmon 
Hayes 
Lushbau gh 



-- I , I I#/,, / I  

DTAFT 1 1 / 2 3 / 7 3  

MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PURPOSE: 

The Medical Radionuclide Committee evaluates all proposals to 
administer radionuclides to humans at ORAU. 

RESPONSIBILITIES: 

The Committee is responsible to the Medical Division Chairman for 
ensuring that the administration of radionuclides to humans at 
ORAU is adequately controlled to ensure the safety of each person 
administered a radionuclide. The Committee does not assume any 
other role for the control of other aspects of radiation safety 
since these are already assignedrrjthe - ORAU Health and Safety 
Commit tee . 

u 
f 

MEMBERSHIP: 

The Committee, appointed by the Medical Division Chairman, shall 
consist of at least three members selected to provide the Committee 
with competence in nuclear medicine, radiation effects, dosimetry, 
and safety. 

QUORUM: 

The Committee may take action at any meeting at which three or 
more members are present. All actions shall require the approval -- 
of all members present. 7 , ,  c.\.w:--. 

OPERATING PROCEDURE: 

1. 
(,klnri.J 

We1 1 es t ab1 isheq"pr o c edur es 

All proposals to use radionuclides and procedures already 
approved by the AEC" or the FDAt shall be submitted to the 
Committee for approval before being used at ORAU. The person 
proposing the use of the procedure should give the Committee 
a short written description of how the procedure will be used 
at ORAU; the submission of the radiopharmaceutical package 
insert will usually be sufficient. ,Generally, the Committee 
will approve the use of established procedures at ORAUt however, 
it may impose specific limitations. The Committee will issue 
authorization on a form similar to that given in Appendix I. 

l ~ y L v z L 1  , 
2. Experimental? procedures -?- 

*j!&C -&w.,J c :I(. c. 
A1l"proposals for use of radionuclides tth;aU'(l) have not been 
approved for routine use in patients by the AEC or FDA, or 
(2J-are to be administered to volunteers must be submitted to - -. - -  

* 
AEC'S list of well established medical uses. 

'Radionuclides distributed under an FDA new drug authorization. 
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\ r  F . 7 4 '  ' (  ' 

'8 .--&\safety. 
W 

the Human Radionuclide Committee for evaluation of e * 
) 

This Committee will review the proposal? 
its recommeqdat on or or against the proposal to 

Lbaunittee-shd-~--li-st any limitation on the study that it 
dsems-necessary in its report to the Committee on Human 

. The-Medical Radionuclide c c 
1 

@ subm$,b the bo %it'tf'dk 'dx?%u~~% h f  *$t!%ki%k''iyb* 

u v' 

'sc/ 
t 

To properly evaluate each proposal, the Medical Radionuclide 
Committee will require a written detailed description of the 
proposal. This report may be the same as that required by 
the Committee on Human Studies (Appendix 11). Approval of- 
tAe-proposal by both gr0up.s shall not relieve the investigator 

d D o m -  the FDA requirement for submittFng--an?_NR, 

January 2 ,  1974 

G .  A .  Anclrews, 11.n. 
IIedical Piv is ion Chairman 



MEDICAL RADIONUCLIDE COMMTTEE 
Medical Division 

Oak Ridge Associated Universities 
w 1 

PERSON SUBMXTTING PROPOSAL PROPOSAL NO. 

DESCRIPTION: 

The Committee approves with the following linitations: 

Radiopharmaceutical may-may not-be administered to patients under 
18 years of age. 

Radiopharmaceutical may-may not-be administered to pregnant patient: 

Other : 

The Committee disapproves for the following reasons: 
Y D  

KEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Acknowledgezent of Subnitter Date 
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Appendix  I1 
Ident. No. 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

To: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date 

Principal Investigator: 

Co-Investigators : 

Title of Project: 

Use Followinn Format (Submit Original and 8 Copies) 

I. Obiectives of Emeriment: 

(Include statement why experiment must be done in humans, and 
expected benefits from the howledge.) 

JI. Methods of Procedure: 

Brief description of methods, all medications including name and 
dose range, number and types of subjects anticipated, time for 
single session, total number of sessions, total duration of study, 
methods used to screen subjects, etc. 

III. Possible Hazards and their Evaluation: 

N. Radioisotopes and New Drugs 

If the study involves radioisotopes, indicate action of the Isotopes 
Committee. If new drugs a re  involved, indicate that appropriate 
application to FDA has been made. 

See page 2 
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' w  Title of Project: - 
Ident. No. 

V. Responsibility of Principal Investimtor: 

P 

Include statement of your procedures for protecting rights of the 
patients and gaining informed consent. 

The principal investigator will follow the procedures of the Committee 
on Human Studies in obtajning "informed consent" from the subjects 
under study. The investigator recognizes that he retains the primary 
responsibility for safe-guarding the interests of the participants under 
study. Any significant changes in methods of procedure o r  of the 
development of unexpected risks will be brought to the attention of 
the Committee on Human Studies. 

Starting Date 

Principal Investigator Signatures: 

Co-Investigator 

DIVISION REVIEW: 

The application described above has been reviewed and approved. 

Official signing for the institution: 

Signature 

Title 

Institution 

Date - 

1348802 
(Revised January 1972) 
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L/ 
SUBJECT 

COPIES TO 

Dr.Bil1 Myers, of Ohio State, says that he has a new isotope preparation that he wants 
to try on some patients and would like to try it out in our hospital BB s w n  8s we have our 
Anger camera set up. L told him that we would be glad to cooperate but that we had to have 
approval by our committee before giving nnj7 unfamiliar radioactive material to patients. 
However, he did not seem to want to start any negotiations until after our camera had 
arrived and was in operRtion. Apparently he is getting some very short half- lived 
material with the help of A r t  Rupp. 

I think It would be desirable to cooperate with him if it seem8 feasible after we know what 
this is all about. 

!? r‘ 
Gould A. Andrew8 .q, - 



Committee for U s e  of Radioisotopes in Humans 

Medical Division, Oak Ridge Associated Universities 

I. Committee's Mission 

To receive, evaluate, approve, and monitor proposals for new uses of radio- 
isotopes in human beings. This committee will replace the earlier, less formal, 
arrangement that has been operating. 

II. Committee Membership 

The committee, appointed by the Division Chairman, consists of Dr. Edwards, 
Dr. Lushbaugh, Mr. Cloutier, Dr. Kniseley, Dr. Hayes, and Mr. Harmon (ex 
officio). A member of the Health Physics group, Mr. Cloutier or his delegate, 
must be present, or a written report of his findings submitted to the committee. 
Of the other four voting members, at least three persons should be present, one 
of whom may be replaced by the Division Chairman. 

m. Protocol for a Proposal for a New U s e  

A. A written proposal should be submitted in advance of any meeting for 
study by each committee member. 

w B. The following outline should be used: 

1. Question that the research might answer 
2. Radioisotope 
3. Chemical form 
4. Route of administration 
5 . Proposed dosage (chemical and radioisotopic) 
'6. Experimental protocol: 

' 'a. Number and selection of subjects 
.b. Duration of studies 
c. Types and frequency of assays 

C. To make an evaluation of the proposal, the following information must accompany it: 

1. Animal distribution data and calculation of radiation dose to whole body 
and critical organs 

2.  Related and pertinent human data 
3. Appraisal of chemical, radiation, and infectious hazards. 

IV. Guidelines for Dosage 

A. The investigator must provide general information about the age, sex, weight, 
and state of health of the volunteers to be selected. The best estimate of the 
retention of the isotope in the body and critical organ(s) must also be submitted 
so that the committee might evaluate the anticipated exposure. 

1 0 4 8 8 0 4  
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\c/ 
B. 

C. 

W 

Prior to the initiation of the experimental program, the volunteer’s 
exposure record should be submitted to the committee so that it may 
be assured that the volunteer has not already exceeded the accumulated 
exposure of 5 (N - 18) when N is the age in years. 

The committee will not approve the administration of any exposure that 
when added to the individual’s anticipated occupational exposure during 
the period of the proposed experiment will exceed the following limits 
that are in accordance with the ICRP occupational exposure limits: 

Whole body, Thyroid, Other 
1. 

2. 

Normal 
Adult 

rem/week 

rem/l3 consecu- 
tive weeks 

Women of Repro- 
ductive Age 

rem/week 

rem/l3 consecu- 
tive weeks 

r em/year 

blood- f or rning Skin, 
organs, gonads bone 

0.3 0.6 

3.0 10.0 

5 . 0  30.0 

0.3 

1.3 

5.0 

internal 
organs 

0.3 

4.0 

15.0 

V. Selection of Subjects 

Recruitment of volunteers must fall within policies established in the Division. 
(See Policy Statement Attached.) 

VI. Approval of protocol will consist of a concise written summary ot its extent signed 
by the participating members, and will reflect complete committee concurrence. 

Approved by G. A. Andrews, Chairman 
March 31, 1967 



Committcc €01- USC o€ Rndioisotopcs jn JJumnns 

Mcclical Division 
Oak Ridge Associatcd Uiiivcrsitics 

I .  Committee's Mission 

To receive, evaluate, approve, and monitor proposals for new uses of 
radioisotopes in human bcings. This committce will replace the earlier, 
less formal, arrangement that has becn opcrnting. 

'~'IN% winiii i l l r c \ ,  : t lqjo i l l l c*( i  by 1 1 ~ \  1)ivision Cli:tii.rn:in, consists o1 J ) r .  
1Sdw:xrds, DI-. J,r~shb:iugl~, Mr. Cloul ivr ,  DJ-. J<inisclcy, Dr. JI:lycs, 
mid Mr. linrinon (cx oflicio). A iiicmbcr of tlw IIcnlth Physics group - 
Mr. Clouticr 01- his dclcgntc - must be prcsent o r  rcprcscnted by his 
document. Of the other four voting membcrs, at least Ehrce persons 
should be present, onc of whom may be replaced by the Division Chair- 
man. 

m. Protocol for a Proposd for a New Use 

A. A written proposal should be submitted in ndvmce of any mccting 
for study by each committee membcr. 

B. The following outline should be used: 

1. Question that the rcsearch might answer 
2. Radioisotope 
3. Chcmical form 
4. Roiitc of ndministrntion 
5. Propowd d~s:ig:'c ((*11<911 icnl :ind ~-: i t l  ioisol.opic) 
I;. 1Csl~~ 1.i incnt;il \)i*ol ocwl : 

n. Numlwi* and sclc~clion of subjccts 
b. Dwntion 01 stiidics 
c. Types nud frcqncncy of assays 

C. To make an evaluation of the proposal, the following information 
must n ccompany it : 

1. Anitnnl clistribution dntn nnd cnlcirlfition of rndintjon tlosc to 
wholc body :uid ci-iticnl org:ins 

3. Rckitcd and pci-tincnt 11uni:in d:itn 
3. Appmis: i l  of chc~nic:il ,I-ndj:itioii and iii€cctious hnznrds. 

\ 

I O 4 8 8 0 b  -more 
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lV. Guidclincs for Dosage 

A. 

B. 

c. 

1. 

0 
I .  

The invcstigator must proviclc gcneral information a b u t  the age, 
SCX, weight, and state of hcalth of tlic voluntcers to be selected. 
The best estimate of the rcteution of the isotope in the body and 
critical organ@) must also be submitted so that the committee 
might evaluate the anticipated cq~osurc. 

Prior to tlic initiation o€ thc cxperimcntal program, tlic volunteer’s 
csposnrc i-ccord should hc submitlctl to thc coinmittcc so that it 
1113y h! :Isslll~cYI tI1:1t I l l 0  V o l l l n t C c I ~  I1:ts not :lll.c:ltly csc!c?ctlctl lhc 
:i(’(’iii11iil:i1(’(1 c~sposrit*c: o f  5 (N - 1 H) whcn N js  l lw :if;c jn yc-:~ I-s. 

The committcc will not npprovc tlic ndrninistrntjon of any cxposurc 
that wvlicn added to tlic individual’s anticipated occupational 
csposure during thc pcriod of thc proposcd cxpcriment will exceed 
tlic hllowing limits that nrc in accordmcc wjth thc ICRP occupa- 
tionnl csposurc limits: 

-- - - - ~ -  
W I l O l ~ !  I,otly, ‘J’liyrojtl, Otkur 

Normnl blood-forming skin, int c im 31 
Adult orgms, gonads hone organs 

rem/week 0.3 0. G 0.3 

rem/13 consecu- 
tive weeks 3.0 10.0 4.0 

30.0 15.0 rcm/ycm 5.0 

rcm/13 consecu- 1.3 
tive meelis 

i-cm/ycar 5 . 0  

-mor e 

Y 
1048801 
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‘r-r V. Sclcction of Subiccts 

Rcclrritiiicnt of \~oluntccrs iiiust €:ill within policic>s csl;lblishccl in thc 
Division. (SCC Policy Slatcmcnt Allnchcd. ) 

VI. Approval of protocol will consist of a concise written summary of its 
ex%ent signed by the participating members, and will reflect complete 
committee concurrence. 

Corrcctcd Ds:i€t Approvcd by Mcmlxrs - March 2.3, lNi7 



Recruitment of Human Volunteers 

Policy of the Medical Division, Oak Ridge Associated Universities 

I. Definition of Normal Human Subject Volunteer - 
A person in apparent sound physical and mental health, 21 years of 
age or  older, participating without coercion as a subject in a medical 
research project. This category is to be distinguished from a "patient 
volunteer" who registers in the Medical Division as a patient for the 
investigation and possible treatment of a medical disorder. 

II. Recruitment - 
1. Methods shall be discreet and in the bounds of propriety. 

Solicitation in public communications media can be made only 
through the Human Use  Committee. 

2. 

I '- 

Conscious efforts will be made with ORAU employees to have 
recruitment free of any suggestion of coercion or implication 
that participation is expected. For example, announcements 
that ask for volunteers will be used rather than personal soli- 
citation. Participation or non-participation shall have no bearing 
on merit evaluations, status, or  promotion in ORAU. An ORAU 
employee should have concurrence of his supervisor so that 
regular work assignments are not handicapped. 

3.  Compensation may be offered to the volunteer , and will require 
prior authorization by the Division Chairman. 

III. Release Form - An agreement signed and witnessed that: 

1. 
2. 

3. 

Participation is of the person's own volition, 
Subject understands that this experience is for experimental 
purposes, not for diagnosis or  treatment, 
Subject understands the nature, procedures, and probable effects, 
if any, of the experiment. (These features should be listed or 
described briefly in the agreement.) 
The volunteer, whether or  not he is an employee of ORAU, is not 
considered an employee insofar as the experiment is concerned. 

4. 

Approved by G. A. Andrews, Chairman 
March 31, 1967 

Y 

3 0 4 8 8 0 9  
I 
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Policy of Medical Division, 031; R i d s  Associatcd Univcrsitics, Conccrning 

Rccruitmcnt of Buinm Voluiitccrs 

I. Definition of Norrn:ll 3Iumnn Sub@!t Voliintzr - 

A person in nppnrent sound physical and mental liealth, 21 years 

of ngc or  oldcr, pfirticipnting witkont cocrcion RS n subjcct in n 

mcdic:i1 rc~scnrch p'rojcct. This c:itegory is to bo distingujshcd 

from :I "pnticnt voIiititc~c!i*" who rogisfcrs in  thc Mcdic:il Djvisjon 

:is :I Iwticnt for tho jnvc*stig:'ntion :ind possihlc 1ro;)lmcnt of :I 

medical disorder. 

JI. Recruitment - 
1. Methods should be discrcct ,and in the bounds of propriety. 

Solicitation in public communications media can be made 

only through the Human Use Committee. 

2. Conscious efforts will bc made with ORAU cmployces to 

h:rvc~ i-c~ci-iiitnicmt fwc  oC :ing siq';pW.ion of coci-cion or 

iml~1ic:ition t lint i ~ : ~ i . ~ i ~ i l ~ : i i , i o I ~  is cspctctctl. For cxnrnplc, 

announcemcnts that ask fo r  ooluntccrs will be used rather 

than personal solicitation. Particjpntion o r  non-participation 

shnll h v c  no hcarjng on merit evnluations, statxls, 01- 

promotion in ORAU. A n  ORAU cmploycc should hnvc con- 

(~111*1~~ncc o€ his supc~viso~ so th:it rcy,ul:w w o ~ , l c  : iss jgnmcnt  s 

:we not h:lndic:~ppcd. 

1 0 4 8 8 1 0  -more 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL Edward 9 Proposal No. 74-16 

DESCRIPTION: 

Erbium-171 as a clinical scanning agent for the detection of 
osseous and nonosseous tumors. The activity administered to 
a 70-kg man shall not exceed 10.5 mCi. 

@ The Committee approves with the following limitations: 

Radiopharmaceutical d m a y  not be administered to patients under 
18 years of age. 
Radiopharmaceutical -/my not be administered to pregnant patient. 

Other: Radiopharmaceutical to be administered in accordance 
with attached proposal, ORAU/ORNL Committee on Human 
Studies, Ident. No. 33. 

The Committee disapproves for the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier 

C. L. Edwards 

R. L. Hayes 
rl 

u C. C. Lushbaugh cr 
00 

&, 

Q3 

0 Acknowledgement of Submitter 
- 

Proposal does/- require approval of Committee on Human Studies. 
~ 4 

Human Studies approval granted on //- '2K&. / G  7-? 
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REVIEW AND ACTION 

ORAU/ORNL Committee on Human Studies 

33 Ident. No. Principal investigator C. L. Edwards 

Project Title Erbium-171 as a Clinical Scanning Agent for the Detection of Osseous 
( "  

. '4 and Nonosseous Tumors 

.. , 1. In the opinion of this committee the risks to the rights and welfare of 
the subjects in this project o r  activity are: Radiation and chemical 
toxicity risks are minimal. 

The committee states that adequate safeguards against these risks 
have been provided. 

In the opinion of the committee the potential benefits of this activity 
to the subjects outweigh any probable risks. This opinion is justified 
by the following reasons: Possible better diagnostic agent. . 

2. 

c v  3. 

4. 

5. 

In the opinion of the committee the following informed consent pro- 
cedures will be adequate and appropriate: as submitted. 

The committee seeks continuing communication with the investi- 
gator(a) on this project along the f o h w h g  lines: None 

Other committee comments: . None 

Approve X 

Disapprove 

1 5 . L t - d  
Chairman of Committee 

11 December 73 

Date 

I O S 8 8  t 2 



Ident. No. 33  
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APPLICATION FOR THE USE OF HUI\IANS AS EXPERIMENTAL SUBJECTS 

TO : COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date: December 10, 1973 

Principal Investigator: C. L. Edwards, M . D .  

Co-Investigator: R. L. Hayes, Ph.D. 

J. K. Poggenburg, Ph.D. ( O m )  

Title of Project: ERBIUM-171 AS A CLINICAL SCANNING AGENT FOR THE DETECTION 
OF OSSEOUS AND NONOSSEOUS TUMORS 

I. Objectives of Experiment: 

To determine whether "lEr can be used as an effective tumor-localizing 
Animal experiments indicate that the higher-atomic-number agent in humans. 

rare-earth radionuclides show unusual affinities for tumor tissue (Fig. 1, 
appendix), clear rapidly from normal tissue (Table 1, endix) , and may 
have the same or better tumor-localizing properties as Ga in certain 
tumor types (Table 2, appendix). This radionuclide also has better bone- 
seeking properties than do technetium phosphate agents. The half-life of 
171Er is sufficiently short so that it may be an effective bone scanning 
agent. 

( \v 

It has good decay photons f o r  scanning (Table 3, appendix). 

11. Methods of Procedure: 

I71Er will be obtained from Isotopes Development, O m ,  as the chloride 
in dilute hydrochloric acid solution. 
sterilization by Millipore filtration (0.22 micron) and testing for pyro- 
genicity, 0.15 mCi/kg or less will be administered intravenously (1.0- 
0.1 mg citrate/kg). A group of 20 adult patients with known cancer will 
initially be used to evaluate this radionuclide. When possible, comparisons 
will be made with 67Ga and lllIn in the same patient. When bone is involved 
scans with 99mTc Osteoscan will also be made. 
volunteers will then be determined after a review by the committee. 

After conversion to the citrate form, 

Further studies with patient 
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The fo l lowing  d a t a  w i l l  b e  c o l l e c t e d :  

Iden t .  No. 3 3  

I 

L/ 

.. 

.. 

1, - Blood concen t r a t ions  a t  1 / 2  h r ,  1 h r ,  3 h r ,  and 6 h r  a f t e r  t h e  dose 
and a t  12-hr i n t e r v a l s  t h e r e a f t e r  through 42 hours .  

I n d i v i d u a l  u r i n e  specimens w i l l  b e  c o l l e c t e d  through t h e  f i r s t  2 days.  2. 

3. 

4 .  

Feca l  e x c r e t a  w i l l  b e  c o l l e c t e d  through 2 days. 

L inea r  s cans  w i l l  b e  ob ta ined  immediately a f t e r  t h e  dose,  a t  3-4 
hour s ,  and then  d a i l y  t h e r e a f t e r  through 2 days. 

Whole body and area scans  w i l l  b e  made a t  3-4 hours  a f t e r  
a d m i n i s t r a t i o n  (or as soon as p r a c t i c a l )  and a t  24 hours  and 48 hours .  

5, 

111. P o s s i b l e  Hazards and The i r  Evaluat ion:  

1. Chemical: 

S ince  171Er  w i l l  b e  produced by neut ron  a c t i v a t i o n  of l7'Er (HIFR), 
s t a b l e  erbium w i l l  b e  p r e s e n t  i n  t h i s  r ad ionuc l ide  p r e p a r a t i o n  
(al though a t  only  microgram l e v e l s ) .  

W e  propose t o  admin i s t e r  no more than  10 pg/kg of s t a b l e  erbium 
(and g e n e r a l l y  much less), s i n c e  stable rare e a r t h s  i n  excess  of  
t h i s  amount tend  t o  dec rease  t h e  relative s p e c i f i c i t y  of  rare e a r t h  
n u c l i d e s  f o r  tumor t i s s u e  ( s e e  Table 4, appendix).  A t  a l e v e l  of 
10 pg/kg o r  less t h e r e  should b e  no t o x i c  e f f e c t s  from t h e  I.V. 
a d m i n i s t r a t i o n  of erbium, s i n c e  t h e  I.V. LD50 i n  rats f o r  the n i t r z t e  
i s  r e p o r t e d  t o  b e  36 mg/kg i n  t h e  female and 52 mg/kg i n  t h e  male 
(T. J. Haley, J. Pharmaceut ica l  Sc iences  54: 663, 1965). 

2. Radia t ion  Dose: 
- -- -. . 

The proposed maximum a c t i v i t y  dose as s t a t e d  i n  I1 (Methods of 
Procedure) is based on a c a l c u l a t e d  whole body r a d i a t i o n  dose 
of 4 r a d s  (assuming uniform d i s t r i b u t i o n  and no exc re t ion )  and 
is thought t o  be accep tab le  f o r  t h e  proposed s tudy.  Radia t ion  
Physics  suppl ied  t h e  r a d i a t i o n  dose estimates. 

I 7 l E r  decays t o  171Tm (1.9 y h a l f - l i f e )  which is a weak-beta emitter 
(0.1 MeV). Dose estimates by E. Watson i n d i c a t e  t h a t  t h e  whole-body 
r a d i a t i o n  dose t o  b e  expected from t h e  171Tm generated by t h e  decay 
of 1 m C i  of pure  l 7 I E r  would be  about 8 . 5  x 10-3 rads .  I f  w e  assume 
neut ron  a c t i v a t i o n  of 170Er f o r  3 h a l f - l i v e s  of I 7 l E r  (87.5% 
s a t u r a t i o n )  and a decay e r i o d  of 1 day be fo re  admin i s t r a t ion ,  t h e  
r a d i a t i o n  dose from t h e  y71Tm as soc ia t ed  wi th  and generated by t h e  
decay of 1 m C i  of 1 7 1 E r  would be  approximately 20 times t h a t  
produced by the complete decay of 1 m C i  of pure 171Er. This  
would g ive  a r a d i a t i o n  dose of 1.8 Fads  from 171Tm f o r  t h e  maximum 
a c t i v i t y  dose proposed f o r  1 7 1 E r .  
adminis tered a f t e r  an i n d i v i d u a l  p repa ra t ion  h a s  decayed f o r  more 
than  1 day a f t e r  removal from t h e  p i l e .  

Accordingly,  no 171Er w i l l  be  

-- * 
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I V .  Radionucl ides  and New Drugs: 

17’Er w i l l  be a new rad ionuc l ide  i n  our  c l i n i c a l  program. Following 
approval  of t h i s  a p p l i c a t i o n  by t h e  Committee on Human S tud ie s  and t h e  
ORAU Medical  Radionucl ide Committee an  IND w i l l  be  f i l e d  wi th  t h e  Food and 
Drug Adminis t ra t ion .  

( L /  

.* 

V. R e s p o n s i b i l i t y  of P r i n c i p a l  I n v e s t i g a t o r :  

P a t i e n t  vo lun tee r s  w i l l  be  r e c r u i t e d  from among our  c l i n i c  p a t i e n t s  
and from p a t i e n t s  i n  the Oak Ridge H o s p i t a l  and surrounding h o s p i t a l s .  
informed consent  w i l l  be obta ined  from t h e  p a t i e n t  (minors and a d u l t s  i ncapab le  
of g i v i n g  an informed consent  w i l l  b e  excluded from t h e  s tudy) .  
w i l l  b e  o f f e r e d  t o  o b t a i n  vo lun ta ry  consent .  
w i l l  b e  r e c r u i t e d  s p e c i f i c a l l y  f o r  t h e  test wi th  no promise of cont inued 
medica l  care a t  ORAU, and t h e  ORAU p a t i e n t s  w i l l  b e  assured  t h a t  t h e i r  
p a r t i c i p a t i o n  i s  no t  a p r e r e q u i s i t e  of t h e i r  cont inuing  t o  r e c e i v e  t r ea tmen t  
a t  ORAU. 

An 

No inducement 
The l a t te r  group of p a t i e n t s  

Attached i s  a copy of t h e  proposed consent  form (appendix). 

S t a r t i n g  Date: Februarx.-$, 1974 I- 

Signa tu res :  P r i n c i p a l  I n v e s t i g a t o r  

I Co-Invest igator  

V Co-Invest igator  

DIVISION REVIEW: 

The a p p l i c a t i o n  descr ibed  above has been reviewed and approved. 

O f f i c i a l  s i g n i n g  f o r  t h e  i n s t i t u t i o n :  

S igna ture :  

I n s t i t u t i o n  

Date 



OAK RIDGE ASSOCIATED UNIVERSITIES 

Oak Ridge, Tennessee 

Consent f o r  Experimental  Test 

I a u t h o r i z e  t h e  performance upon 
(Myself o r  name of p a t i e n t )  

of t h e  fo l lowing  test: Phase I Radiopharmaceutical  T e s t  of Erbium-171. 

The n a t u r e  and purpose of t h e  test ,  t h e  risks involved, and t h e  p o s s i b i l i t i e s  
of compl ica t ions  have been expla ined  t o  me .  
a t r ea tmen t  f o r  my d i s o r d e r  n o r  i s  i t  be ing  done for my b e n e f i t ,  r a t h e r  t h a t  t h e  
test is € o r  exper imenta l  purposes  and is being done only f o r  ga the r ing  informat ion  
r e l a t e d  t o  my d i s e a s e ,  t r ea tmen t ,  o r  bo th .  
i n fo rma t ion  l ea rned  from doing t h i s  test becomes t h e  p rope r ty  of ORAU and may be 
pub l i shed  i n  the s c i e n t i f i c  l i t e r a t u r e  a t  t h e  d i s c r e t i o n  of t h e  s t a f f  of the 
Oak Ridge Associated U n i v e r s i t i e s  Medical Div is ion .  

I understand t h a t  t h i s  test i s  n o t  

Fur the r ,  I understand t h a t  any 

DATE : 

WITNESS : 

( P a t i e n t  o r  person au tho r i zed  t o  consent  
f o r  p a t i e n t )  

I have t a l k e d  w i t h  about  t h e  
proposed test t o  b e  g iven  inc lud ing  t h e  fol lowing:  

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7. 

This  is  a new r a d i o a c t i v e  drug: I 7 l E r  - Erbium citrate.  

The drug c o n t a i n s  t h e  element erbium i n  q u a n t i t i e s  much less than t h a t  r equ i r ed  
t o  produce any measurable  chemical e f f e c t  i n  t h e  body. P a t i e n t s  should feel .  no 
e f f e c t  from the drug. 

The r a d i a t i o n  dose will b e  approximately 2 r a d s  t o  t h e  whole body. 

Blood samples (3 ml) will b e  drawn a t  1 / 2  h r ,  1 hr,  3 h r ,  6 hr ,  18 h r ,  30 h r ,  
and 42 h r s .  

All u r i n e  and f e c e s  w i l l  be saved f o r  2 days.  

Whole body counts  and scans  w i l l  b e  made a t  f r equen t  i n t e r v a l s  f o r  2 days.  . 

The p a t i e n t  may withdraw from the test  a t  anytime. 

DATE : . 
Inv  e s t i g  a t o r  

I .OIr88 I b 
CONSENT FOR EXPERIMENTAL TEST - ERBIU?.I-171 



TABLE 1 

.. 

INFLUE& OF TINE ON TISSUE DISTRIBUTION OF I7lER AND I6'YB IN RiTS 

BEARING 5123C HEPATOUS 

Isotope Erbium-17 1 Y tterbiuu-169 

Tine 2 h  4: hr 24 h ' 4 h  24 h 

* 
Tuaor conc. (%/PI 

Ratio tumor cox. to: 

Liver 

Spleen 

Kidney 

Lung 

Muscle 
Femur 

Marrow 

Blsod 

3.3 4.5 
** 

3.4 

5 .0  5 .6  6.7 
5.5  7 . 9  6.4 
1.3 1.7 2.0 
6.3 12.0 19.0 
43.0 87.0 180.0 
1.5 1.4 1.0 
7.2 10.1 12.5 
6.2 '19.0 130.0 

3.5 

7.9 

- 4.6 
3 . 4  

11.0 
66.0 
2.1 
5.9 

9.9 

** 
4.9 . 

11.0 
6.3 
4.7 

25.0 

160.0 

2.0 
8.0 

llo.0 

(y. * :=cent administered dose/g normalized to body weight of 250 g .  

** T s J f  signif icantly different from 4 hour value; 

DISTRIBUTION OF HIGH SPECIFIC ACTIVITY RARE EARTHS 
c IN BUFFALO RATS BEARING 5123G HEPATOMAS . 

ATOMIC NUMXR AND SYMBOL 

Fig. 1 
' t O 4 8 8 1 7  
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TABLE 3 

RARE EARTH RADIONUCLIDES FOR TUXOR SCANNING 

.z Isotope Decay Hode T1/2 y E n e r g y  (x) Comments 

167Tm EC 

171Er' B 

E r  p ,  2n 168 9d 208 Kev ,(43x) 

7.5h Q300 Kev (90%) d 170Er = 5.7; 171Tn T1/2 = 1.9~ 

15 7 DY EC 8.2h 326 Kev (91%) d '%y (0.05%) = 3 

TABLE' 4 L 
E== OF CARIUER ERBIUM ON TISSUE DISTRIBUTION '(21 hr, OF "lER IN THE RAT 

Carrier (Ftg/kg) 
11 17 34 Tissue Q C.F. .1.7 

X Administered Dose/g 
Liver 0.68 0.72 0.61 1.30. 3.70 

Kidney 1.40 1.60 1.80 2.60 2-70 

Lung 0.19 . 0.23 0.18 0.19 0.23 

Mus c le 0.03 0.03 0.02 0.03 0.03 

Femur 4.50 4.70 4.20 4.10 3.50 

Marrow 0.24 0.28 0.30 0.39 0.65 

Spleen 0.57 0.66 0.32 0.67 1-10 

Blood 0.02 0.02 0.02 0.02 0.05 

T u n o r  4.00 5-00 3.80 4.00 3.70 

! L J  .. 
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APPLICATION FOR INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical Div is ion ,  Oak Ridge Associated U n i v e r s i t i e s  

~, Oak Ridge, Tennessee 

May 21, 1974 

1. NAME OF DRUG: ERBIUM-171 CITRATE. This  prepara t ion ,  d i s so lved  i n  a 
saline-sodium c i t ra te  s o l u t i o n , w i l l  be  adminis tered in t ravenous ly  
in smal l  volumes (< 5 ml). 

2. COMPONENTS : 

a. Erbium (111)-171 c i t r a t e  

b. S t a b l e  erbium (111) c i t ra te  

c. Sodium ci t ra te  

d. Sodium c h l o r i d e  

e. Water 

3. QUANTITATIVE COMPOSITION (per  dose):  

a. 

b. 

C. 

d.  

e. 

Erbium (II1)-171 citrate: 0.10 m i l l i c u r i e s  p e r  kilogram of 
body weight (or less). 

S t a b l e  erbium (111) citrate: 10 micrograms p e r  kilogram of 
body weight (or  less). 

Sodium citrate:  

Sodium ch lo r ide :  
(o r  less). 

Water: 

1 mil l ig ram p e r  kilogram of body weight (or less). 

0.2 mi l l ig ram p e r  kilogram of body weight 

0.05 milliters p e r  kilogram of body weight (or less). 

4. SOURCE OF NEW DRUG SUBSTANCE: 

Enriched erbium-170 [ supp l i ed  by Oak Ridge Nat iona l  Laboratory (ORNL) 
as t h e  ni t ra te  w i t h  t h e  fo l lowing  i s o t o p i c  abundance: 17oEr, 96.06%; 
168Er, 1.93%; 167Er, 0.97%; 166Er, 1.04%; 164Er, 
<0.1%] w i l l  be  a c t i v a t e d  i n  t h e  High Flux I so tope  Reactor  a t  ORNL f o r  
20 hours .  

<0.1%; and 1%r, 

A t  d i scha rge  i n  one run  t h e  main r a d i o a c t i v i t i e s  p r e s e n t  
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per  microgram of s t a b l e  erbium were: 1 7 1 E r ,  2.2 m C i  and 172Er, 
4 . 1  pCi ( t h e  la t ter  from double neutron cap tu re ) .  
t h a t  each microgram of s t a b l e  erbium w i l l  a l s o  b e  a s soc ia t ed  a t  
d i scha rge  wi th  1.1 U C i  of 169Er and 2.3 V C i  of 165Er. The a c t i v a t e d  
erbium-170 w i l l  be  d isso lved  i n  d i l u t e  hydrochlor ic  a c i d  (W.1N) and 
then  suppl ied  i n  t h a t  form t o  t h e  Medical Div is ion ,  Oak Ridge 
Associated Universities (ORAU) a f t e r  being m i c r o f i l t e r e d  through a 
0.22 p Mil l ipo re  f i l t e r .  ORNL w i l l  a l s o  supply ORAU with  a rad io-  
i s o t o p i c  a s say  f o r  t h e  171Er p re sen t  p lus  t h e  erbium content .  

It is  c a l c u l a t e d  

5. METHODS, FACILITIES AND CONTROLS: 

The 17'Er c h l o r i d e  s o l u t i o n  as rece ived  from ORNL w i l l  be  processed 
i n  t h e  fo l lowing  manner: 
2.5% sodium ci t ra te  s o l u t i o n  (ampoule 206, E l i  L i l y  C o . ,  Ind ianapo l i s ,  
Ind.)  w i l l  be  added t o  t h e  s o l u t i o n  so t h a t  each m C i  of 171Er  w i l l  a t  
t h a t  p o i n t  be  a s s o c i a t e d  wi th  0.1 mg of sodium citrate.  The pH of t h e  
s o l u t i o n  w i l l  b e  brought  t o  7.0 + 0.2 wi th  1 N sodium hydroxide us ing  
a combination e l e c t r o d e  and pH meter. (The s t e m  of t h e  e l e c t r o d e  w i l l  
be s t o r e d  i n  0.9% benzyl  a l coho l  and w i l l  b e  r epea ted ly  r i n s e d  w i t h  
s te r i le  water before  each use.)  
ment by t h e  a d d i t i o n  of 0.9% s te r i le  nonpyrogenic s a l i n e ,  t h e  s o l u t i o n  
w i l l  b e  m i c r o f i l t e r e d  through a s ter i le  0.22 micron M i l l i p o r e  f i l t e r  
i n t o  a v i a l  which w i l l  then be capped (mult ipuncture  type)  and auto- 
c laved a t  15 pounds p res su re  (121OC) f o r  20 minutes.  To i n s u r e  t h a t  
t h e  p r e p a r a t i o n  was exposed t o  adequate  h e a t ,  Diack c o n t r o l s  (Smith 
and Underwood Labora to r i e s ,  Troy, Mich.) w i l l  be  placed i n  t h e  auto- 
clave nex t  t o  t h e  171Er c i t ra te  v i a l .  (A temperature  c h a r t  w i l l  be  
made a p a r t  of t h e  records . )  Following au toc lav ing  a p o r t i o n  of t h e  
p repa ra t ion  w i l l  be  withdrawn f o r  a pyrogenic i ty  test (s tandard  USP 
methods), rad ioassay  (sodium i o d i d e  c r y s t a l  c a l i b r a t e d  wi th  NBS 
s t anda rds )  and v e r i f i c a t i o n  of s t e r i l i t y  ( s tandard  USP methods f o r  
radiopharmacy r eco rds ) .  The v i a l  of 171Er c i t ra te  w i l l  then  be  
l a b e l e d  as t o  i ts  contents .  

Based on ORNL's a s s a y , s u f f i c i e n t  s teri le 

Following any necessary  volume ad jus t -  

P repa ra t ion  of each ba tch  of 171Er  ci trate w i l l  be  c a r r i e d  out  i n  a 
p o s i t i v e  pressure.  clean room equipped wi th  v e r t i c a l  laminar flow hoods 
having a i r  c u r t a i n s  (Envirco, Albuquerque, N.M.) .  A l l  g lassware used 
w i l l  be  p r e s t e r i l i z e d .  
ba t ch  number and a l l  p a r t i c u l a r s  r e l a t i v e  t o  i t s  p repa ra t ion  and u s e  
w i l l  be  en tered  i n  a master log  book. 

Each ba tch  of 171Er c i t ra te  w i l l  be  g iven  a 

6. STATEMENT ON INFORMATION AVAILABLE TO SPONSOR: 

a. P r e c l i n i c a l  I n v e s t i g a t i o n s :  

1. Ti s sue  d i s t r i b u t i o n :  

Recent r e p o r t s  (1-3) have i n d i c a t e d  t h a t  t h e  higher-atomic-number rare 
e a r t h  r ad ionuc l ides  show an a f f i n i t y  f o r  nonosseous tumor t i s s u e .  
R. L. Hayes and ORAU a s s o c i a t e s  have confirmed t h e s e  r e s u l t s  i n  animals 
( 4 )  and w e  now propose to i n v e s t i g a t e  t h e s e  r ad ionuc l ides  i n  a t i e n t s  
a t  ORAU Medical Div is ion .  This  a p p l i c a t i o n  d e a l s  only wi th  1 P 1 E r .  
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P r i o r  t o  c l i n i c a l  t r ials w e  have s tud ied  those  f a c t o r s  t h a t  i n f luence  
t h e  d i s t r i b u t i o n  of t h i s  group of r ad ionuc l ides  i n  both normal and 
tumor-bearing animals ,  
of v a r i o u s  h igh - spec i f i c - ac t iv i ty  rare e a r t h  r ad ionuc l ides  i n  l i ve r ,  
bone, and 5123C Morris hepatomas. 
t h e r e  was a dramatic  decrease  i n  t h e  concen t r a t ion  of t h e  rare e a r t h s  
i n  l iver  as t h e  atomic number of t h e  nuc l ides  increased .  A t  t h e  same 
t i m e  t h e  concen t r a t ion  i n  t h e  5123C hepatoma increased  markedly. 
Table  1 shows t h e  r e s u l t s  of t h i s  s tudy  i n  a more d e t a i l e d  form. 
shown i n  Table 1 are t h e  average r e s u l t s  ob ta ined  f o r  67Ga w i t h  t h i s  
model tumor system. 

F igure  1 shows a histogram of the  d i s t r i b u t i o n  

A s  has  p rev ious ly  been r epor t ed  (51, 

Also 

Of t h e  higher-atomic-number rare e a r t h  r ad ionuc l ides  t h a t  might b e  
used f o r  tumor scanning,  t h r e e  are p a r t i c u l a r l y  s u i t e d  f o r  t h i s  purpose, 
I71Er,  157D 
Although 1 7 f i r  and 157Dy would be  produced by neut ron  a c t i v a t i o n  of 
t h e  s t a b l e  elements,  they could be  produced wi th  very  h igh  s p e c i f i c  
ac t iv i t i e s  (mCi/pg). The r e l a t i v e l y  s h o r t  h a l f  lives of bo th  171Er 
and do no t  c o n s t i t u t e  a problem s i n c e  t h e  t i s s u e  d i s t r i b u t i o n  
of t h e  higher-atomic-number rare e a r t h  r ad ionuc l ides  is e s s e n t i a l l y  
complete by 4 hours  (Table 3 ) .  

and 167Tm . Thei r  p r o p e r t i e s  are shown i n  Table  2. 

From Table 1 it is apparent  t h a t  r ad ionuc l ides  af erbium, dysprosium, 
thulium, and y t te rb ium compare favorably  wi th  67Ga w i t h  r e s p e c t  t o  t h e  
tumor-to-nontumor r a t i o s  obta ined  i n  rats bear ing  Morris 5123C hepatomas. 
A f u r t h e r  comparison of 67Ga wi th  a rare e a r t h  r ad ionuc l ide  (16%) i n  
o t h e r  
hepatoma, t h e  abso lu te  concen t r a t ion  of 67Ga w a s  b e t t e r  than  t h a t  of 
169Yb i n  tumor t i s s u e  except  i n  Erh l i ch  ascites (EA) c e l l s  where t h e  
169Yb concen t r a t ion  w a s  Q3 times g r e a t e r  than  t h a t  of 67Ga. 
nontumor r a t i o s  were, however, approximately t h e  same (except  f o r  EA 
cells) .  
r ad ionuc l ides  might show as h igh  a relative a f f i n i t y  f o r  tumor t i s s u e  
i n  human s u b j e c t s  as does 67Ga (6) .  

tumor systems i s  shown i n  Table  4 .  Again, as wi th  t h e  5123C 

Tumor-to- 

I t  would thus  appear  on t h e  b a s i s  of t h i s  d a t a  t h a t  rare e a r t h  

I t  is apparent ,  however, t h a t  rare e a r t h  r ad ionuc l ides  concen t r a t e  t o  
a much g r e a t e r  e x t e n t  i n  bone (and kidney) than  does 67Ga, and t h i s  
may obscure tumor v i s u a l i z a t i o n  where sites of tumor are under o r  
ad jacen t  t o  t h e  ske le ton .  On t h e  o t h e r  hand, l e s i o n s  i n  t h e  bone 
(both primary and metastatic) should b e  more r e a d i l y  v i s u a l i z e d  wi th  
rare e a r t h  r ad ionuc l ides  than they are wi th  67Ga. Another advantage 
of t h e  rare e a r t h  r ad ionuc l ides  ind ica t ed  i n  Table  2 is  t h a t  t h e i r  
ener  ies are s u i t a b l e  f o r  u se  w i t h  t h e  gamma camera. 
of 6$Ga w i th  t h e  camera i s  poor compared t o  t h a t  ob ta ined  wi th  recti- 
l i n e a r  systems. 

V i s u a l i z a t i o n  

An important  requirement f o r  t h e  e f f e c t i v e  use  of rare e a r t h  radio-  
nuc l ides  f o r  tumor d e t e c t i o n  w i l l  b e  t h e  use  of h igh - spec i f i c - ac t iv i ty  
p repa ra t ions .  Table  5 shows t h e  r a t h e r  extreme e f f e c t  t h a t  t h e  simul- 
taneous a d m i n i s t r a t i o n  of s t a b l e  erbium ( a t  t h e  mi l l ig ram level) had 
on t h e  t i s s u e  d i s t r i b u t i o n  of 17IEr i n  rats bear ing  7777 hepatomas. 

' 
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The concen t r a t ion  of 17'Er i n  l i v e r  and sp leen  was g r e a t l y  increased  
wh i l e  t h a t  i n  t h e  tumor was correspondingly lowered. Even a t  a micro- 
gram level  of s t a b l e  erbium a d m i n i s t r a t i o n  t h e r e  w a s  a r a t h e r  dramatic  
i n c r e a s e  i n  t h e  concen t r a t ion  of 1 7 1 E r  i n  l iver  and sp leen  above 
QlO ug Er/kg; the  tumor concen t r a t ion  w a s  n o t  a f f e c t e d ,  however 
(Table 6 ) .  
s p e c i f i c - a c t i v i t y  p repa ra t ions  of t h e  rare e a r t h  r ad ionuc l ides  i n  tumor 
scanning procedures.  

The s t u d i e s  d iscussed  above involved admin i s t r a t ion  of rare  e a r t h  radio-  
n u c l i d e s  i n  t h e  c i t ra te  form a t  a dose l e v e l  of 1 mg c i t r a t e / k g .  
Table  7 shows t h e  e f f e c t  of o t h e r  forms on t h e  d i s t r i b u t i o n  of 167Tm 
i n  rats bear ing  7777 hepatomas. NTA and HEIDA gave approximately t h e  
same t i s s u e  d i s t r i b u t i o n  p a t t e r n s  as d i d  t h e  c i t r a t e  wh i l e  g luconate  
was somewhat poorer i n  tumor s p e c i f i c i t  . HEDTA, a s t r o n g  c h e l a t e ,  
g r e a t l y  decreased t h e  concen t r a t ion  of 167Tm i n  tumor t i s s u e  and a l s o  
produced much poorer  tumor-to-nontumor r a t i o s  ( p a r t i c u l a r l y  f o r  t h e  
sp l een ,  kidney, and b lood) .  
t h e  admin i s t r a t ion  of rare e a r t h s ,  s i n c e  i t  i s  a normal metabol i te .  

A s tudy  has  been made of t h e  e f f e c t  produced by a n  inc rease  i n  t h e  
c i t ra te  dosage on 1b7Tm t i s s u e  d i s t r i b u t i o n .  
c e n t r a t i o n  of 167Tm w a s  observed wi th  a c i t ra te  dose as h igh  as 20 mg/kg. 
There was a l s o  no change i n  t h e  tumor-to-nontumor r a t i o s  except  f o r  
s l i g h t  increases f o r  s p l e e n  and blood. 

As wi th  67Ga t h e  t i s s u e  d i s t r i b u t i o n  of t h e  higher-atomic-number rare 
e a r t h  rad ionucl ides  ( a s  represented  by 170Tm) i s  a f f e c t e d  by both  sex 
(Table 8)  and age (Table  9) .  
produced by d i f f e r e n c e s  i n  sex  and age  were no t  as pronounced as those  
seen  w i t h  67Ga; however, t h e  d i f f e r e n c e s  were h igh ly  s i g n i f i c a n t  . 

It thus w i l l  be important  t o  u s e  c a r r i e r - f r e e  o r  high- 

Ci t ra te  is  thus  t h e  p r e f e r a b l e  form f o r  

No e f f e c t  on tumor con- 

The d i f f e r e n c e s  i n  t i s s u e  d i s t r i b u t i o n  W 

2. Toxic i ty :  

The t o x i c i t y  of t h e  r a re -ea r th  metals is  low t o  in t e rmed ia t e ,  t h e  
r epor t ed  I.P. LD50 i n  male and female rats and mice f o r  erbium c h l o r i d e  
and n i t r a t e  ranging from 225 t o  535 mg/kg (7).  
i n m a l e  and female rats was r e s p e c t i v e l y  52.5 and 35.8 mg/kg f o r  t h e  
n i t r a t e .  S t ab le  terbium has been adminis tered t o  humans a t  a l e v e l  
of 2.4 mg Tb per  dose (Q34 pg Tb/kg) wi thout  any symptoms of t o x i c i t y  
( 8 ) .  The intravenous t o x i c i t y  of t h e  rare e a r t h s  decreases  wi th  
inc reas ing  atomic number (9), and, s i n c e  terbium i s  below erbium i n  
t h e  rare e a r t h  series, erbium should be t o l e r a t e d  by man as w e l l ,  i f  
n o t  b e t t e r ,  than is  terbium. O'Mara and Subramanian (10) have 
adminis te red  reactor-produced 1 7 1 E r  t o  humans toge the r  wi th  small 
amounts of s t a b l e  erbium. They g i v e  no exac t  s t a b l e  erbium dose i n  
t h e i r  pub l i ca t ion .  
achieved (20-40 mCi/mg E r )  and assuming t h a t  t h e  l a t e s t  t h e i r  lVIEr 
w a s  adminis tered a f t e r  removal from t h e  r e a c t o r  w a s  a t  Q3 h a l f  l ives ,  
they  probably adminis tered 10-20 pg of s table  erbium pe r  kilogram of 
body weight. 
of t h e i r  p repara t ion .  

The I . V .  LD50 t o x i c i t y  

However, based on t h e  s p e c i f i c  a c t i v i t y  t h e  

They r epor t ed  no untoward e f f e c t s  from t h e  admin i s t r a t ion  
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Hepatosplenic degeneration from repeated large doses of rare earths 
in animals is seen only with the lower-atomic-number rare earths (7). 
Fatty liver infiltration in the rat from mg/kg doses of rare earths is 
not seen above samarium in the rare earth series (11). 

Certain rare earth salts were used as anticoagulants in Europe during 
the 1940's and occasionally hemoglobinuria was produced. These were 
observed at doses of 5-8 mg/kg; slight transient elevations of plasma 
hemoglobin were occasionally noted at dose levels of 1-2 mg/kg (12). 

Based on these observations in animals and humans, it is antici ated 
that the related administration of stable erbium together with P71Er 
at the level proposed (not to exceed 10 vg Er/kg) would produce a 
minimal hazard for the subjects receiving erbium-171 citrate for tumor 
localization. The ORAU Committee on Human Studies has approved the 
use of 171Er citrate as outlined in this application. 

3 .  Radiation Dosimetry: 

The radiation hazard associated with the administration of I7'Er 
(T 1/2 = 7.5 h) will also be minimal. Table 10 shows the estimated 
human total body radiation dose and radiation dose to various organs 
per millicurie of administered 171Er. The dose figures in parentheses 
are those for the maximum amount of activity that will be administered 
(7 mCi m E r  for a 70 kg subject). 
those below were calculated by the ORAU Radiation Dosimetry Group 
(R. J. Cloutier and E. E. Watson) by extrapolation from tissue 
distribution data obtained in the rat. 

Erbium-171 decays to 171Er which is a weak beta emitter (0.1 MeV) with 
a 1.9 year half life. 
production of 171Er and because of its long half life will build-up in 
the 17131. product as the 171Er decays following removal from the 
reactor. Table 10 also shows, in addition to the radiation dose 
produced by 171Er itself, the associated radiation dose to be expected 
from the 171~m that would be present due to its production during 
activation (20 h) and from decay of 171Er for 24 hours after removal 
from the reactor. 
associated with 56 VCi of 171Tm. 
is given as 90 VCi in NBS Handbook 69. In no case will this level of 
l71Tm be exceeded. 
level could be considerably decreased by using a shorter activation 
period, although the yield of 171Er would be somewhat decreased. 

As indicated in section 4, small amounts of 49*day 172Er (producing 
daughter 172Tm, T 112 = 64'd3, 9 day 169Er, and 10 hour 165Er will also 
be present in the 171Er preparation. 
the pile the total body radiation dose from these contaminants for 
administration of the maximum 171Er dose (7 mCi) is estimated to be 
as follows: 172Er, 172Tm, 0.24; 169Er, 0.02; and 165Er, 0.0003 rads. 
Also a small amount of 163Er (20 pCi/mCi 171Er) will be produced from 

These radiation dose figures and 

Thulium-171 is necessarily produced during the 

At this 24-hour period each mCi of 17lEr will be 
The permissible body burden of 171Tm 

It should be pointed out that the I71Tm contamination 

At 24 hours after removal from 
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t h e  16*Er p re sen t  i n  t h e  t a r g e t  crbium. 
decays by e l e c t r o n  cap tu re  wi th  e s s e n t i a l l y  no g a m a  emissions and has  
a 75 m h a l f  l i f e ,  t h e  r a d i a t i o n  dose from i t  may be  disregarded.  

But , s ince  t h i s  r ad ionuc l ide  

W 

‘L’ 

It is a pa ren t  from t h e  above cons ide ra t ions  t h a t  t h e  r a d i a t i o n  dose 
from 17yEr c i t r a t e  when used as proposed w i l l  be  wi th in  accep tab le  
r a d i a t i o n  l i m i t s .  
accord ingly  approved t h e  c l i n i c a l  u s e  of 1 7 1 E r  c i t ra te  i n  humans. 

The ORAU Medical Radionuclide Committee has  

b. Previous Marketing: 

This  drug has  n o t  prev ious ly  been marketed b u t  i t  has  been i n v e s t i g a t e d  
i n  humans as a bone scanning agent  (10).  

c. Drug Combination: 

Erbium (111) ci t ra te  is no t  a combination of prev ious ly  i n v e s t i g a t e d  
o r  marketed drugs.  

7. LABEL AND INFORMATIONAL MATERIAL: 

The i n v e s t i g a t o r s  prepar ing  and adminis te r ing  t h i s  drug are working 
i n  c l o s e  c o l l a b o r a t i o n  a t  t h e  same i n s t i t u t i o n .  Therefore ,  no formal  
in fo rma t iona l  material w i l l  b e  prepared.  

8. SCIENTIFIC TRAINING AND EXPERIENCE OF INVESTIGATORS: 

The sponsor cons iders  t h e  ch ief  i n v e s t i g a t o r s ,  a l l  of whom are supported 
by competent a s s o c i a t e s ,  t o  b e  exceedingly w e l l  q u a l i f i e d  f o r  t h i s  
research .  See b i b l i o g r a p h i c a l  material i n  t h e  appendix about  
D r s .  Edwards, HGbner, Goswitz, Vodopick, and Hayes (ORAU), and Poggenburg 
( o m ) .  

9. PROGRESS OF THE INVESTIGATION: 

The progress  of t h e  i n v e s t i g a t i o n  and evidence of s a f e t y  and e f f e c t i v e -  
ness  of t h e  drug w i l l  be  eva lua ted  by C.  L. Edwards, R. L. Hayes, 
J. K. Poggenburg, and t h e  sponsor ,  Gould A. Andrews, M.D.,  Chairman 
of t h e  ORAU Medical Div is ion  wi th  advice  from t h e  ORAU Program R e v i e w  
Committee and t h e  ORAU Committee on Human Studies  ( see  a t t ached  lists 
and b iographies  i n  t h e  appendix).  

10. CLINICAL STUDIES: 

Phases I and 11, C l i n i c a l  Pharmacology, i n  t h i s  s tudy  w i l l  c o n s i s t  of 
observa t ions  on t h e  metabolism and t o x i c i t y  of 171Er c i t r a t e  toge the r  
w i th  pre l iminary  observa t ions  on its tumor- local iz ing p r o p e r t i e s .  
C. L. Edwards, M.D. w i l l  b e  i n  charge of t h i s  c l i n i c a l  i n v e s t i g a t i o n .  

P a t i e n t s  (30) w i l l  be  known t o  have cancer.  
r e c r u i t e d  from among our  c l i n i c  p a t i e n t s  and from p a t i e n t s  i n  t h e  
Oak Ridge Hosp i t a l  and surrounding h o s p i t a l s .  Informed consent w i l l  
b e  obta ined  from each p a t i e n t  (minors and a d u l t s  incapable  of g iv ing  

They w i l l  be  a d u l t s  
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11. 

12. 

13. 

an  informed consent w i l l  b e  excluded from t h e  s tudy) .  No inducements 
w i l l  be  o f f e r e d  t o  o b t a i n  voluntary  consent.  
p a t i e n t s  w i l l  be  r e c r u i t e d  s p e c i f i c a l l y  f o r  t h e  s tudy  wi th  no promise 
of continued medical care a t  ORAU, and t h e  ORAU p a t i e n t s  w i l l  b e  
assured  t h a t  t h e i r  p a r t i c i p a t i o n  is  not  a p r e r e q u i s i t e  t o  t h e i r  
cont inuing  t o  r e c e i v e  t rea tment  a t  ORAU. 

The l a t te r  group of 

The p r i n c i p a l  ques t ions  t o  b e  answered are: 

1. 
dose l e v e l s  proposed? 

2. 
tumor d e t e c t i o n  by scanning? 

Is t h e r e  any unsuspected t o x i c  e f f e c t  of erbium on humans a t  t h e  

W i l l  t h e  uptake of 1 7 1 E r  i n  human tumors b e  s u f f i c i e n t  t o  permit  

3. 
rate and e x c r e t i o n  p a t t e r n  f o r  17133. i n  humans? 

For t h e  purposes of r a d i a t i o n  dosimetry,  what i s  t h e  blood c l ea rance  

4. 

While i t  is n o t  a n t i c i p a t e d  t h a t  t h e r e  w i l l  b e  any t o x i c  e f f e c t  of 
erbium a t  t h e  doses  t o  b e  used i n  t h i s  s tudy,  t h e  p a t i e n t s  w i l l  b e  
observed c l o s e l y  f o r  any unan t i c ipa t ed  untoward e f f e c t s .  
a t t e n t i o n  w i l l  b e  given t o  looking f o r  an  e f f e c t  on t h e  c l o t t i n g  
mechanism, because of t h e  known an t i coagu lan t  e f f e c t  of some of t h e  
rare e a r t h  elements.  

What is t h e  optimum dose and scanning t i m e ?  

P a r t i c u l a r  

To determine t h e  optimum t i m e  f o r  scanning and t o  o b t a i n  d a t a  f o r  
more p r e c i s e  r a d i a t i o n  dose estimates, blood levels and whole body 
counts  w i l l  be  monitored a t  f r equen t  i n t e r v a l s  from m u l t i p l e  blood 
samples and l i n e a r  p r o f i l e  scans.  
b e  c o l l e c t e d  f o r  48 hours  a f t e r  dosing and t h e  r a d i o a c t i v i t y  measured 
by w e l l  count ing.  

A l l  u r i n e  and f e c a l  excreta w i l l  

The optimum dose f o r  scanning w i l l  b e  determined from d a t a  obtained 
w i t h  t h e  use  of m u l t i p l e  imaging devices  (Anger camera and r e c t i l i n e a r  
s canne r s ) ,  wi th  scans made a t  d i f f e r e n t  t i m e  i n t e r v a l s .  

Should t h e  r e s u l t s  of t h i s  s tudy  be  encouraging, a subsequent proposa l  
and a p p l i c a t i o n  w i l l  b e  f i l e d  f o r  c l i n i c a l  t r i a l s  involv ing  comparison 
wi th  o t h e r  tumor d e t e c t i o n  techniques.  

The sponsor w i l l  n o t i f y  t h e  Food and Drug Adminis t ra t ion  i f  t he  
i n v e s t i g a t i o n  is  d iscont inued ,  and t h e  reason f o r  it. 

The sponsor w i l l  n o t i f y  t h e  i n v e s t i g a t o r s  i f  a new drug a p p l i c a t i o n  
is approved. 

There are no p l ans  f o r  s e l l i n g  t h i s  drug; 
U n i v e r s i t i e s  i s  a nonpro f i t  corpora t ion ,  and our  i n t e r e s t  i s  only 
i n  t h e  b a s i c  r e sea rch  phase of t h i s  work. 

Oak Ridge Associated 

I O t 8 8 2 1  
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14.  The sponsor w i l l  no t  permi t  i n i t i a t i o n  of c l i n i c a l  s t u d i e s  of 17'Er 
c i t ra te  p r i o r  t o  30 days a f t e r  t h e  d a t e  of r e c e i p t  of t h e  n o t i c e  by 
t h e  Food and Drug Adminis t ra t ion.  
o r  t o  restrict c l i n i c a l  s t u d i e s  i f  reques ted  t o  do so by t h e  Food and 
Drug Adminis t ra t ion  p r i o r  t o  t h e  e x p i r a t i o n  of such 30 days.  

H e  a l s o  w i l l  cont inue  t o  withhold 

1 0 1 1 8 8 2 8  
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TkBLE 2 

RARE EARTH RADIONUCLIDES FOR TUMOR SCANNING 

Isotope Decay Mode T1/2 y Energy (%) Comments 

167Tm EC 9d 208 Kev (43%) Er p ,  2n 168 

8- 7.5h Q300 Kev (90%) Q 170Er = 5.7; l7lTrn T1/2 = 1.9~ 171Er' 

157Dy EC 8.2h 326 Kev (91%) Q 15%y (0.05%) = 3 

1 TABLE 3 

I INnUENCE OF TIME ON TISSUE DISTRIBUTION OF 171ER AND 16'YB IN RATS 

'I/ BEARING 5123C HEPATOMAS 

Isotope Erb ium-17 1 Ytterbium-169 

Time 2 h  4 hr 24 h . 4 h  24 h 

Tumor conc. 

Ratio tumor 

Liver 
Spleen 
Kidney 
Lung 
Muscle 
Femur 
Marrow 
Blood 

(%/d* 3.3 4.5 

conc. to : 

5.0 5.6 
5.5 7.9 
1.3 1.7 
6.3 12.0 
43.0 87.0 
1.5 1.4 
7.2 10.1 
6.2 19.0 

** 
3.4 

6.7 
6.4 
2.0 
19.0 
180.0 
1.0 
12.5 
130.0 

3.5 

7.9 
4.6 
3.4 
11.0 
66.0 
2.1 
5.9 
9.9 

** 
4.9 

11.0 
6.3 
4.7 
25.0 
160.0 
2.0 
8.0 

110.0 

* Percent administered dose/g normalized to body weight of 250 g .  

Not significantly different from 4 hour value. 
** 

W' 
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W' TABLE 5 

EFFECT OF ERBIUM CARRIER ON THE DISTRIBUTION OF 171ER (24 hr) IN THE RAT 

Carrier (mg/kg) 
Tissue Q C.F. 0.1 0.5 1.0 

X Administered Dose/g 

Liver 
Spleen 
Kidney 
Lung 
Muscle 
Femur 
Marrow 

Blood 

0.50 
0.24 

1.30 
0.19 
0.02 

4.50 
0.26 
0.01 

3.40 

0.76 

3.00 
0.20 
0.02 

2.61 

0.56 

0.03 

8.00 10.00 
1.60 4.80 

1.40 1.00 
0.33 0.64 

0.02 0.01 

1.40 1.10 

1.30 2.00 

0.13 0.18 
Tumor 2.30 1.60 0.88 0.44 

TABLE 6 

EFFECT OF CARRIER ERBIUM ON TISSUE DISTRIBUTION (21 hr) OF 171ER IN THE RAT 

Carrier (ug/kg) 
Tissue Q C.F. 1.7 11 17 34 

X Administered Dose/g 

Liver 
Spleen 
Kidney 
Lung 
Muscle 

Femur 
Marrow 
Blood 
Tumor 

W 

0.68 

0.57 
1.40 

0.19 

0.03 

4.50 
0.24 

0.02 
4.00 

0.72 

0.66 

1.60 
0.23 

0.03 

4.70 
0.28 

0.02 
5.00 

0.61 
0.32 

1.80 
0.18 

0.02 

4.20 
0.30 

0.02 

3.80 

1.30 3.70 

0.67 1.10 
2.60 2.70 
0.19 0.23 

0.03 0.03 

4.10 3.50 

0.39 0.65 

0.02 0.06 
4.00 3.70 
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TABLE 7 

TISSUE DISTRIBUTION OF 1 6 7 ~  (24 HR) IN RATS BEARING 7777 HEPATOMAS WHEN 
* 

ADMINISTERED INTRAVENOUSLY IN VARIOUS FORMS 
\d 

Form 
Tissue/Ratio Gluconate Citrate NTA HEIDA HEDTA 

Tumor (%/g) 2.70 3.20 2.70 2.70 0.17 

Ratio tumor conc. to: 

4 

Liver 
Spleen 
Kidney 
Muscle 
Femur 
Femoral marrow 
Blood 

3.10 7.50 
3.30 6.10 
2.60 3.00 
160 170 
1.10 1.30 
6.50 8.00 
150 150 

6.90 6.40 2.30 
4.40 4.80 0.44 
3.30 3.40 0.53 
140 210 110 
1.10 1.10 0.88 
6.70 6.10 4.90 . 

140 120 19 .o 
~~ ~ ~ 

* 5.2 I.IM/kg; 4 animals per group. 

TABLE 8 

TISSUE DISTRIBUTION (24 HR) OF 170TM IN THE MALE AND FEMALE FISCHER RAT* 

1 0 2 8  

Tissue Sex Significance 
Male Female P 
% Administered dose/g** 

Liver 0.74 0.56 0.001 - 0.01 
0.57 0.31 <o. 001 Spleen 

Kidney 0.62 0.52 0.02 

Lung 

Muscle 

0.13 

0.03 

0.11 - 
0.02 <o. 001 

Femur 5.00 4.30 <o. 001 

Marrow 

Blood 

0.33 

0.02 

0.22 - 
0.01 <o. 001 

* 
Groups of 5 animals each. 

Percent administered dose/g normalized to body weight of 250 g. 
** 

8 3 5  



TABLE 9 

EFFECT OF AGE ON THE TISSUE DISTRIBUTION (24  HR) OF 170TM I N  THE 

MALE BUFFALO RAT* 

T i s sue  Age S ign i f i cance  

2 months 5 months P 
% Administered dose/g** 

L ive r  

Spleen 

Kidney 

Lung 

Muscle 

Femur 

Marrow 

Blood 

0.36 0.48 <o. 001 
0.19 0.29 <o. 001 

0.76 2.10 <o. 001 

0.14 0.29 <o. 001 

0.02 0.04 <o. 001 

4.60 4.30 C0.05 >0.02 
0.26 0.38 <0.01 >0.001 
0.01 0.02 <o. 001 

Avg. w t .  190 370 
~ * 

** 
Groups of 5 animals each. 

Pe rcen t  adminis tered dose/g normalized t o  body weight of 250 g. 

4 

1 7  lm 
ESTIMATED HUMAN RADIATION DOSE FROM I7'ER AND ITS DECAY PRODUCT 

Organ * 
Radionuclide T o t a l  Body Liver  Kidneys Spleen Skeleton' Marrow 

17131, + 0.18 0.45 0.54 0.29 0 .64  0.14 

(1 .3 )  (3 2 )  (3 .8 )  (2 .0 )  (4 .5 )  (1 0) 

0.042 

(1.1) ( 2  8)  (3 .6 )  (1.8) ( 4  2 )  (0 .29 )  

171Tm 6 0.15 0.40 0.51 0.26 0.60 

* 
+ 

Uniform d i s t r i b u t i o n  wi th  no exc re t ion .  

Ske le ton  = bone + marrow. 

Rads p e r  m C i  1 7 1 E r .  
maximum dose t o  a 70 kg s u b j e c t  (7.0 m C i  l 7 I E r ) .  

Rads from 171Tm pe r  m C i  of 1 7 1 E r  adminis tered a t  24 hours  a f t e r  removal 
of t a r g e t  from r e a c t o r  (20  h a c t i v a t i o n ) .  
t o t a l  r a d s  f o r  t h e  maximum dose t o  a 70 kg s u b j e c t  (7.0 m C i  171Er). 

F igures  i n  parentheses  are t o t a l  r ads  f o r  t h e  

6 

Figures  i n  parentheses  are 

1 0 4 8 8 3 b  . .__ - ..._ . _. 
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Memberships: American Association Cancer Research; h e r .  SOC. for  Exper. 

Pa*.; Radiation Res. SOC.; SEBM; Nat. Council on Radiation 
Protection and Measurements 

Division, Oak Ridge National Laboratory d 



I 

MEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PERSON SUBMITTING PROPOSAL ‘* Edwards* D m  Proposal NO. 74-17 

DESCRIPTION: 

Thulium-167 as a clinical scanning agent for detecting osseous and nonosseous 
tumors. The activity administered to a 70-kg man shall not exceed 1.05 mCi. 

.- 

a The Committee approves with the following limitations: 

Radiopharmaceutical -/may not be administered to patients under 
18 years of age. 
Radiopharmaceutical &may not be administered to pregnant patient. 
Other ’ Radiopharmaceutical to be administered in accordance with 

attached proposal, ORAU/ORNL Committee on Human Studies, 
Ident. No. 3 4 .  

0 The Committee disapproves for the following reasons: 
‘4 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

J. D. Berger 

R. J. Cloutier 

C. L. Edwards 

R. L. Hayes 

- 
c) 
F 
43 
00 C. C. Lushbaugh 

-1 

Acknowledgement 

Proposal does/liPoP-” require approval of Committee on Human Studies. + 
Human Studies approval granted on // LzKC 147 3 
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REVIEW AND ACTION 

OMU/ORNL Committee on Human Studies 

PAcipal Investigator c. 1,. E- Ident. No. 34 

T W  767 as a APent for Detecting: Osseous . .  Project Title - 

1. In the opinion of this committee the risks to the rights and welfare of 
the subjects in this project or activity are: Radiation and chemical 
toxicity risks are minimal. 

The committee states that adequate safeguards against these risks 
have been provided. 

In the opinion of the committee the potential benefits of this activitg 
to the subjects outweigh any probable risks. This opinion is justified 
by the following reasons: Possible better diagnostic agent. 

2. 

3. In the opinion of the committee the.following informed consent pro- 
cedures will be adequate and appropriate: as submitted. 

4. The committee seeks continuing communication with the investi- 
gator(s) on this project along the following lines: None. 

I 

5. Other committee comments: None. 

Approve X 

Disapprove 

u LJL-4 
Chairman of Committee 

11 Dee. 73 
Date 
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Ident. No. '9 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

u TO: CONMITTEE ON HUMAN STUDIES: 
Oak Ridge Associated Universit ies and 
Oak Ridge National Laboratory 

Date: December 10, 1973 

Principal  Investigator:  C. L. Edwards, M. D. 

Co-Investigators: R.  L. Hayes, Ph. D. 
L. C .  Brown, Ph. D. (ORNL) 

T i t l e  of Project:  THULIUM-167 AS A CLINICAL SCANNING AGENT FOR DETECTING 
OSSEOUS AND NONOSSEOUS TUMORS. 

I. Obiectives of Emeriment: 

To determine whether 167Tm can be used as an ef fec t ive  tumor-localizing 
agent i n  humans. Animal experiments indicate  tha t  the  higher-atomic-number . 
rare-earth radionuclides show unusual a f f i n i t i e s  f o r  tumor t i s sue  (Fig. 1, 
appendix), clear rapidly from normal t i s sue  (Table 1, appendix), and may have 
the  same o r  b e t t e r  tumor-localizing propert ies  as 67Ga i n  cer ta in  tumor types 
(Table 2 ,  appendix). It has good decay photons f o r  scanning (Table 3, appendix). 

11. Methods of Procedure: 

167Tm w i l l  be obtained from Isotopes Development, ORNL, as the chloride 
i n  d i l u t e  hydrochloric ac id  solution. 
s t e r i l i z a t i o n  by Mill ipore f i l t r a t i o n  (0.22 micron) and t e s t ing  f o r  pyrogenicity, 
0.015 mCi/kg o r  less w i l l  be administered intravenously (1.0-0.1 mg ci t ra te /kg) .  
A group of 20 adult  pa t ien ts  with known cancer w i l l  i n i t i a l l y  be used t o  
evaluate t h i s  radionuclide. 
and 1 l l I n  i n ~ e  same pa t ien t .  
with 9 9 q c  Osteoscan w i l l  a l so  be made. 
w i l l  then be determined a f t e r  a review by the  committee. 

(q 
After conversion t o  the citrate form, 

When possible,  comparisons w i l l  be made with 67Ga 
When ske le t a l  lesions are present bone scans 

Further s tudies  with pa t ien t  volunteers 

The following data  w i l l  be collected: 

1. Blood concentrations at 1 /2  h r ,  1 h r ,  3 h r ,  and 6 h r  a f t e r  the  dose 
and a t  12-hr in te rva ls  t he rea f t e r  through 42 hours and then dai ly  
through 7 days. 

2. Individual urine specimens w i l l  be col lected through the  first 24  h r  
and pooled 24-hr samples thereaf te r  f o r  7 days. 

3. Fecal excreta w i l l  be col lected through 7 days. 

4. Linear scans will be obtained immediately a f t e r  the dose, a t  3-4 hours, 
and then da i ly  thereaf te r  through 7 days. 

, '. 
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5 .  Whole body and area  scans w i l l  be made at 3-4 hours a f t e r  
administration (or as soon as p rac t i ca l ) ,  at 24 hours, 48 hours, 
and a t  l a t e r  times as ca l led  f o r  by the  physician i n  charge. 

111. Possible Hazards and Their Evaluation: 

1. Chemical : 

2. 

Since 167Tm w i l l  be produced by a p,2n interact ion on l6*€r and then 
separated from the erbium t a rge t  material ,  it w i l l  be c a r r i e r  f r e e  
with respect t o  thulium; however, a small amount of erbium (micrograms) 
w i l l  be present as a contaminant from an ion exchange separation 
procedure. 

We propose t o  administer no more than 10 pg/kg of s t ab le  erbium (and 
generally much l e s s )  s ince s tab le  r a re  ear ths  i n  excess of t h i s  
amount tend t o  decrease the  r e l a t ive  spec i f i c i ty  o f  these nuclides for 
tumor t i s s u e  (see Table 4, appendix). A t  a level  o f  10 pg/kg o r  less  
there  should be no tox ic  e f f ec t s  from the I .V.  administration'of 
erbium, s incel the I.V. LD50 i n  rats for the  ni t ra te  is  reported t o  be 
36 mg/kg i n  the female and 52 mg/kg i n  the male (T. J.  Haley, J. 
Pharmaceutical Sciences 54: 663, 1965). 

Radiation Dose: 

The proposed maximum a c t i v i t y  dose f o r  16'Tm as s t a t e d  i n  I1 (Methods 
of Procedure) i s  based on a calculated whole body radiat ion dose of 
2 rads (assuming uniform dis t r ibu t ion  and no excretion) and is  thought 
t o  be acceptable f o r  the  proposed study. 
the  radiat ion dose estimates. 

Radiation Physics supplied 

IV. Radionuclides and New Drugs: 

167Tm w i l l  be a new radionuclide i n  our c l i n i c a l  program. I t  decays by 
electron capture with a T1 2 of 9 days giving of f  a 208 KeV photon i n  43% 
of  its disintegrat ions (Ta b l e  3, appendix). Following approval of t h i s  
appl icat ion by the Committee on Human Studies and the ORAU Medical Radionuclide 
Committee, an I N D  w i l l  be f i l e d  with the Food and Drug Administration. 

V. Responsibility of Principal Investigator:  

Pat ient  volunteers w i l l  be recrui ted from among our c l i n i c  pa t ien ts  and 
from pa t i en t s  i n  the Oak Ridge Hospital and surrounding hospi ta ls .  
consent w i l l  be obtained from each pa t ien t  (minors and adul ts  incapable of 
giving an informed consent w i l l  be excluded from the  study). No inducement 
will be offered t o  obtain voluntary consent. 
be recru i ted  spec i f i ca l ly  fo r  the  t e s t  with no promise of continued medical 
care zt  ORAU and the  OR4U pat ien ts  w i l l  be assured tha t  t h e i r  par t ic ipa t ion  
i s  not a prerequis i te  t o  t h e i r  continuing t o  receive treatment a t  ORAU. 
Attached is a copy of t he  proposed consent form (appendix A). 

An informed 

The l a t t e r  group of pa t i en t s  w i l l  
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Signatures : P r in cip a1 

Co- Invest igat  or 
/ /  

Investigator 

Co-Investigator v 

DIVISION REVIEW: 

The application described above has been reviewed and approved. 

Official  signing for the inst i tut ion : 

Signature 

T i t l e  

Institution 

( Y 
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OAK RIDGE ASSOCIATED UNIVERSITIES 
Oak Ridge, Tennessee 

Consent f o r  Experimental Test 

I authorize t h e  performance upon 
(myself or name of pa t i en t )  

of t he  following test:  Phase I Radiopharmaceutical Test of Thulium-167. 

The nature  and purpose of t h e  t es t ,  t he  r i s k s  involved, and t h e  
p o s s i b i l i t i e s  of complications have been explained t o  me.  
t h a t  t h i s  t e s t  is not a treatment f o r  my disorder nor is  it being done 
f o r  my bene f i t ,  r a t h e r  t h a t  t he  test is  f o r  experimental purposes and i s  
being done only for gathering information r e l a t ed  t o  my disease,  treatment, 
o r  both. 
t h i s  t e s t  becomes the  property of ORAU and may be published i n  t h e  
s c i e n t i f i c  l i t e r a t u r e  a t  the  d iscre t ion  of t h e  staff of t he  Oak Ridge 
Associated Universi t ies  Medical Division. 

I understand 

Further, I understand t h a t  any information learned from doing 

DATE : 
(Patient o r  person authorized t o  consent 
f o r  pa t i en t )  

WITNESS : 

I have ta lked with about t h e  proposed 
tes t  t o  be given including the  following: 

1. This i s  a new radioact ive drug: 167Tm - Thulium c i t r a t e .  

2.  The drug contains t h e  element thulium i n  quant i t ies  much less than t h a t  
required t o  produce any measurable chemical e f f ec t  i n  t h e  body. 
should feel  no effect from the  drug. 

Pa t ien ts  

3. The rad ia t ion  dose w i l l  be approximately 2 rads t o  t h e  whole body. 

4. Blood samples (3 m l ]  w i l l  be drawn a t  1 / 2  h r ,  1 h r ,  3 h r ,  6 hr, 18 h r ,  
30 h r ,  42 hr ,  and then da i ly  f o r  a t o t a l  of 1 2  samples. 

5 .  

6. 

A l l  ur ine and feces w i l l  be saved f o r  one week. 

\Jhole body counts and s c m s  w i l l  be made a t  frequent i n t e rva l s  f o r  one week. 

7. The pa t i en t  may withdraw from t h e  t e s t  at any time. 

DATE : 
Invest igator  

t 048850 



TABLE 1 
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INFLUJZNCE OF TINE ON TISSUE DISTRIBUTION OF 171ER AND I6’YB IN RATS 

BEARING 5123C HEPATOXiS 

Isotope Erb ium-17 1 Ytterbium-169 

Time 

Tunor conc. ( x / g >  

Ratio tumor c o x .  to: 

.. * 
- 

Liver 

Spleen 
Kidney 
Lung 
Muscle 

Femur 

Marrow 
~ Blood 

2 h  Q hr 24 h 
** 3.3 4.5 3.4 

5.0 5.6 6.7 
5.5 7.9 6.4 
1.3 1.7 2.0 
6.3 12.0 19.0 
43.0 87.0 180.0 

1.5 1.4 1.0 
7.2 10.1 12.5 

6.2 19.0 130.0 

4 h  24 h 

3.5 4.9 
** 

7.9 11.0 

4.6 6.3 
3.4 4.7 

11.0 25.0 
66.0 160.0 

2.1 2.0 
5.9 8.0 

9.9 110.0 
1 (9 

* ??=cent administered dosefg nornalized t o  body weight of 250 g. 
** 

Sitt si 

( y  

I 0 4 8 8 5  f 

ATOMIC NUMBER AND SYhlBOL , 

Fig. 1 
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RARE EARTEI RADIONUCLIDES FOR TlXOX SCUTING 

I s o t o p e  Decay Mode Ti12 y Energy (%) Comments 

167T, EC 9d 208 Kev , (43%) 

, 

Er p ,  2n 168 

l 7 l E , '  B 7.5h' Q300 Kev (90%) cr l7OEr = 5.7;  I7lTi3 T1/2 = 1.9~ 

157w EC 8.2h 326 Kev (91%) d lS6Dy (0.05X) = 3 

- 

. 

. .  

TABLE 4 

E== C)F CARIUER ERBIUM ON TISSUE DISTRIBUTIOB (21 hx 

Carrier (pg/kg) 
34 % C.F. 1 . 7  .11 17 ' Tissue 

Z Administered Dose/g 

Liver 

Spleen  

Kidney 

Lung 

~ u s c l e  

Femur 

M2rroT~ 

Blood 

Tuaor  

0.72  0.61 1.30. 3.70 

0 .32  0.67 1.10 
0 .68  
0.57 0.66 

1.40 1.60 
0.19 0 .23  

0.03 0.03 

4.50 4.70 
0.24 0.28  

1.80 2 .60  2 .70  

0.18 0.19 0.23 

0.02 0.03 0 . 0 3  

4.20 4.10 3.50 

0.30 0 .33  0 .65  

0 .02  0.02 0.06 

3.80 4.00 3.70 

0.02 0 .02  

4.00 5.00 

1 0 4 8 8 5 3  
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APPLICATION FOR INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical Division, Oak Ridge Associated Universities 

;, Oak Ridge, Tennessee 

May 21, 1974 

1. NAME OF DRUG: THUL1UI.I-167 CITRATE. This preparation, dissolved in 
a saline-sodium citrate solution, will be administered intravenously 
in small volumes (< 5 ml). 

2. COMPONENTS: 

a. Thulium (111)-167 citrate 

b. Stable erbium (111) citrate 

c. Sodium citrate 

d.  Sodium chloride 

e. Water 

3. QUANTITATIVE COMPOSITION (per dose) : 

a. Thulium (111)-167 citrate: 0.015 millicuries per kilogram of 
body weight (or less). 

b. Stable erbium (111) citrate: 10 micrograms Er per kilogram of body 
weight (or less). 

c. Sodium citrate: 1 milligram per kilogram of body weight (or less). 

d. Sodium chloride: 0.2 milligram per kilogram of body weight 
(or less). 

~1 e. Water: 0.05 milliters per kilogram of body weight (or less). 

4 .  SOURCE OF NEW DRUG SUBSTANCE: 

Thulium-167 will be produced by a p, 2n proton interaction with 96.7% 
enriched 168Er oxide using the Oak Ridge National Laboratory (OWL), 
86" cyclotron. 
target material in HC1, the 16711, will be separated from the erbium 
by double-passage high-pressure ion exchan e chromatography using 
a-hydroxyisobutyric acid. The separated 1%7 Tm will then be converted 

Following bombardment and dissolution of the 168Er 

13 

1048855 
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t o  t h e  c h l o r i d e  form i n  another  i on  exchange s t e p  and t h e  f i n a l  
s o l u t i o n  ad jus t ed  t o  Q 0.1 N w i th  r e s p e c t  t o  HC1. 
i n  t h a t  form t o  Oak Ridge Associated U n i v e r s i t i e s  (ORAU) a f t e r  f i r s t  
be ing  m i c r o f i l t e r e d  through a s ter i le  0.22 p M i l l i p o r e  f i l t e r .  
exac t  level of any contamination of t h e  167Tm wi th  t a r g e t  erbium w i l l  
be  determined spec t rophotometr ica l ly  wi th  PAR reagent  (1). 
erbium concen t r a t ion  and a r a d i o i s o t o p i c  assay  w i l l  be  suppl ied  t o  
ORAU by O W L  a t  t h e  t i m e  of de l ive ry .  

It w i l l  be  supp l i ed  

The 

The 

5. METHODS, FACILITIES AND CONTROLS: 

The 167Tm c h l o r i d e  s o l u t i o n  as rece ived  from ORNL w i l l  be  processed 
i n  t h e  fol lowing manner: Based on ORNL's assay  s u f f i c i e n t  sterile 
2.5% sodium c i t ra te  s o l u t i o n  (ampoule 206, E l i  L i l y  Co., Ind ianapo l i s ,  
Ind.)  w i l l  b e  added t o  t h e  s o l u t i o n  so  t h a t  each m C i  of 1671., w i l l  
a t  t h a t  p o i n t  b e  a s s o c i a t e d  wi th  5 mg of sodium c i t ra te .  The pH of 
t h e  s o l u t i o n  w i l l  b e  brought t o  7.0 2 0.2 wi th  1 N sodium hydroxide 
us ing  a combination e l e c t r o d e  and pH meter. 
w i l l  b e  s t o r e d  i n  0.9% benzyl  a l coho l  and w i l l  be  repea ted ly  r i n s e d  
wi th  s te r i le  water be fo re  each use . )  
adjustment  by t h e  a d d i t i o n  of 0.9% steri le nonpyrogenic sal ine,  t h e  
s o l u t i o n  w i l l  be  m i c r o f i l t e r e d  through a sterile 0.22 micron M i l l i p o r e  
f i l t e r  i n t o  a v i a l  which w i l l  then  be  capped (mult ipuncture  type)  and 
autoclaved a t  15 pounds p r e s s u r e  (121OC) f o r  20 minutes.  To i n s u r e  
t h a t  t h e  p repa ra t ion  w a s  exposed t o  adequate  h e a t ,  Diack c o n t r o l s  
(Smith and Underwood Labora to r i e s ,  Troy, Mich.) w i l l  b e  placed i n  t h e  
au toc lave  next  t o  t h e  167T1n c i t r a t e  v i a l .  
a l s o  be made a p a r t  of t h e  records . )  Following au toc lav ing  a p o r t i o n  
of t h e  p r e p a r a t i o n  w i l l  be  withdrawn f o r  a pyrogenic i ty  test  ( s tandard  
USP methods),  r ad ioassay  (sodium iod ide  c r y s t a l  c a l i b r a t e d  w i t h  NBS 
s t anda rds )  and v e r i f i c a t i o n  of s t e r i l i t y  ( s tandard  USP methods) f o r  
radiopharmacy r eco rds .  
as t o  i ts  contents .  

P repa ra t ion  of each ba tch  of 1 6 7 T ~  c i t r a t e  w i l l  be  c a r r i e d  out  i n  a 
p o s i t i v e  p r e s s u r e  c l ean  room equipped w i t h  ver t ical  laminar flow hoods 
having a i r  c u r t a i n s  (Envirco, Albuquerque, N.M.) .  A l l  g lassware used 
w i l l  b e  p r e s t e r i l i z e d .  
ba t ch  number and a l l  p a r t i c u l a r s  re la t ive t o  i t s  p repa ra t ion  and u s e  
w i l l  be  en te red  i n  a master log  book. 

(The s t e m  of t h e  e l e c t r o d e  

Following any necessary volume 

(A temperature  c h a r t  w i l l  

The v i a l  of 167Tm c i t ra te  w i l l  then  be  l a b e l e d  

Each ba tch  of 167Tm c i t r a t e  w i l l  be  given a 

6. STATEEENT ON INFORMATION AVAILABLE TO SPONSOR: 

a. P r e c l i n i c a l  I n v e s t i g a t i o n s :  

1. Ti s sue  d i s t r i b u t i o n :  

Recent r e p o r t s  ( 2 - 4 )  have i n d i c a t e d  t h a t  t h e  higher-atomic-number rare 
e a r t h  r ad ionuc l ides  show an a f f i n i t y  f o r  nonosseous tumor t i s s u e .  
R. L. Hayes and ORAU a s s o c i a t e s  have confirmed t h e s e  r e s u l t s  i n  animals 
(5) and w e  now propose t o  i n v e s t i g a t e  t h e s e  rad ionucl ides  i n  p a t i e n t s  
a t  t h e  ORAU Medical Div is ion .  This  a p p l i c a t i o n  d e a l s  only wi th  167Tm. 
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P r i o r  t o  c l i n i c a l  t r ia ls  w e  have s tud ied  those  f a c t o r s  t h a t  i n f luence  
t h e  d i s t r i b u t i o n  of t h i s  group of r ad ionuc l ides  i n  both normal and 
tumor-bearing animals .  
of v a r i o u s  h igh - spec i f i c - ac t iv i ty  rare e a r t h  r ad ionuc l ides  i n  l iver ,  
bone, and 5123C Morris hepatomas. 
(6), t h e r e  was a dramat ic  decrease  i n  t h e  concen t r a t ion  of the  rare 
e a r t h s  i n  l iver as t h e  atomic number of t h e  nuc l ides  increased .  A t  
t h e  same t i m e  t h e  concen t r a t ion  i n  the  5123C hepatoma increased  
markedly, thulium' showing t h e  h i g h e s t  tumor concent ra t ion .  Table  1 
shows t h e  r e s u l t s  of t h i s  s tudy  i n  a more d e t a i l e d  form. Also shown 
i n  Table  1 are t h e  average r e s u l t s  ob ta ined  f o r  67Ga w i t h  t h i s  model 
tumor system. 
t h e  r a t  over a 28-day per iod .  

F igure  1 shows a his togram of t h e  d i s t r i b u t i o n  

A s  has  prev ious ly  been r epor t ed  

F igure  2 shows t h e  t i s s u e  d i s t r i b u t i o n  of thulium i n  

O f  t h e  higher-atomic-number rare e a r t h  r ad ionuc l ides  t h a t  might b e  
used f o r  tumor scanning,  t h r e e  are p a r t i c u l a r l y  s u i t e d  f o r  t h i s  
purpose,  167Tm, 1 7 1 E r ,  and 1 5 7 9 .  
Table  2. 

Thei r  p r o p e r t i e s  are shown i n  

From Table  1 i t  is  apparent  t h a t  r ad ionuc l ides  of thulium, erbium 
dysprosium, and y t te rb ium compare favorably  w i t h  67Ga wi th  r e s p e c t  
t o  the tumor-to-nontumor r a t i o s  obta ined  i n  rats bear ing  Morris 5123C 
hepatomas. 
(169Yb) i n  o t h e r  tumor systems is shown i n  Table  3 .  
t h e  5123C hepatoma, t h e  a b s o l u t e  concen t r a t ion  of 67Ga was b e t t e r  t han  
t h a t  of 16% i n  tumor t i s s u e  except  i n  Erh l i ch  ascites (EA) cells 
where t h e  169Yb concen t r a t ion  was $3 times g r e a t e r  than  t h a t  of 67Ga. 
Tumor-to-nontumor r a t i o s  were, however, approximately t h e  same (except  
f o r  EA cells). It would thus  appear on t h e  b a s i s  of t h i s  d a t a  t h a t  
rare e a r t h  r ad ionuc l ides  might show as h igh  a r e l a t i v e  a f f i n i t y  f o r  
tumor t i s s u e  i n  human s u b j e c t s  as does 67Ga (7) .  

A f u r t h e r  comparison of 67Ga wi th  a rare e a r t h  r ad ionuc l ide  
Again, as wi th  

It is apparent ,  however, t h a t  rare e a r t h  r ad ionuc l ides  concen t r a t e  t o  
a much g r e a t e r  e x t e n t  i n  bone (and kidney) than  does 67Ga, and t h i s  
may obscure tumor v i s u a l i z a t i o n  where sites of tumor are under o r  
ad jacen t  t o  t h e  ske le ton .  On t h e  o t h e r  hand, l e s i o n s  i n  t h e  bone 
(both primary and metastatic) should be more r e a d i l y  v i s u a l i z e d  w i t h  
rare e a r t h  r ad ionuc l ides  than  they are wi th  67Ga. Another advantage 
of t h e  rare e a r t h  r ad ionuc l ides  i n d i c a t e d  i n  Table 2 is t h a t  t h e i r  
ene rg ie s  are s u i t a b l e  f o r  use  wi th  t h e  gamma camera. Th i s  is 
p a r t i c u l a r l y  t r u e  f o r  167Tm. 
i s  poor compared t o  t h a t  ob ta ined  wi th  r e c t i l i n e a r  systems. 

V i s u a l i z a t i o n  of 67Ga wi th  t h e  camera 

An important  requirement f o r  t h e  e f f e c t i v e  use  of rare e a r t h  radio-  
nuc l ides  f o r  tumor d e t e c t i o n  w i l l  be  t h e  use  of h igh - spec i f i c - ac t iv i ty  
p repa ra t ions .  Table  4 shows t h e  r a t h e r  extreme e f f e c t  t h a t  t h e  simul- 
taneous admin i s t r a t ion  of s t a b l e  erbium (at t h e  mi l l ig ram l e v e l )  had 
on t h e  t i s s u e  d i s t r i b u t i o n  of 1 7 1 E r  i n  rats bea r ing  7777 hepatomas. 
The concen t r a t ion  of 1 7 1 E r  i n  l i v e r  and s p l e e n  w a s  g r e a t l y  inc reased  
whi le  t h a t  i n  t h e  tumor w a s  correspondingly lowered. 
microgram l e v e l  of s t a b l e  erbium a d m i n i s t r a t i o n  t h e r e  w a s  a r a t h e r  

Even a t  a 
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dramatic  i n c r e a s e  i n  t h e  concent ra t ion  of I7'Er i n  l i v e r  and s p l e e n  
above $10 pg Er/kg; t h e  tumor concent ra t ion  was not  a f f e c t e d ,  however 
(Table  5). 
s p e c i f i c - a c t i v i t y  p repa ra t ions  of t h e  rare e a r t h  r ad ionuc l ides  i n  
tumor Scanning procedures.  

The s t u d i e s  d iscussed  above involved admin i s t r a t ion  of rare e a r t h  
r ad ionuc l ides  i n  t h e  c i t ra te  form a t  a dose l e v e l  of 1 mg c i t r a t e / k g .  
Table  6 shows the'  e f f e c t  of o t h e r  forms on t h e  d i s t r i b u t i o n  of 167Tm 
i n  rats bear ing  7777 hepatomas. NTA and HEIDA gave approximately t h e  
same t i s s u e  d i s t r i b u t i o n  p a t t e r n s  as d id  t h e  c i t ra te  whi le  g luconate  
w a s  somewhat poorer  i n  tumor s p e c i f i c i t  . HEDTA, a s t rong  c h e l a t e ,  
g r e a t l y  decreased t h e  concen t r a t ion  of 167Tm i n  tumor t i s s u e  and a l s o  
produced much poorer  tumor-to-nontumor r a t i o s  ( p a r t i c u l a r l y  f o r  t h e  
sp leen ,  kidney, and blood) .  
t h e  admin i s t r a t ion  of rare e a r t h s ,  s i n c e  i t  is a normal metabol i te .  

It thus  w i l l  b e  important  t o  u s e  c a r r i e r - f r e e  o r  high- 

Citrate is thus  t h e  p r e f e r a b l e  form f o r  

A s tudy  has  been made of t h e  e f f e c t  produced by an inc rease  i n  t h e  
c i t ra te  dosage on 167Tm t i s s u e  d i s t r i b u t i o n .  
concen t r a t ion  of 167Tm w a s  observed wi th  a c i t r a t e  dose as h igh  as 
20 mg/kg. 
except  f o r  s l i g h t  i n c r e a s e s  f o r  sp l een  and blood. 

As wi th  67Ga t h e  t i s s u e  d i s t r i b u t i o n  of t h e  higher-atomic-number rare 
e a r t h  rad ionucl ides  (as represented  by 170Tm) i s  a f f e c t e d  by bo th  sex  
(Table 7) and age  (Table 8 ) .  The d i f f e r e n c e s  i n  t i s s u e  d i s t r i b u t i o n  
produced by d i f f e r e n c e s  i n  sex and age were no t  as pronounced as those  
seen  wi th  67Ga, b u t  t h e  d i f f e r e n c e s  were h igh ly  s i g n i f i c a n t ,  however. 

No e f f e c t  on tumor 

There was a l s o  no change i n  t h e  tumor-to-nontumor r a t i o s  

2 .  Toxic i ty  : 

The t o x i c i t y  of t h e  r a re -ea r th  metals is low t o  in te rmedia te ,  t h e  
r epor t ed  I.P. LD50 i n  female r a t s  and mice f o r  thulium n i t r a t e  ranging 
from 255 t o  285 mg/kg (8). 
thulium ch lo r ide .  S t a b l e  terbium has been adminis tered t o  humans a t  
a level of 2 . 4  mg Tb p e r  dose (-34 pg Tb/kg) wi thout  any symptoms of 
t o x i c i t y  (9).  The in t ravenous  t o x i c i t y  of t h e  rare e a r t h s  decreases  
w i t h  inc reas ing  atomic number (lo), and, s i n c e  terbium i s  below thulium 
i n  t h e  rare e a r t h  series, thulium should be t o l e r a t e d  by man as w e l l ,  
i f  no t  b e t t e r ,  than is terbium. 

Male mice' had an I.P. LD50 of 485 mg/kg f o r  

Hepatosplenic  degenera t ion  from repea ted  l a r g e  doses of rare e a r t h s  
i n  animals i s  seen  only  wi th  t h e  lower-atomic-number rare e a r t h s  ( 8 ) .  
F a t t y  l iver  i n f i l t r a t i o n  i n  t h e  ra t  from mg/kg doses  of rare e a r t h s  
i s  no t  seen  above samarium i n  t h e  rare e a r t h  series (11).  

C e r t a i n  rare e a r t h  sal ts  were used as an t i coagu lan t s  i n  Europe dur ing  
t h e  1940's and occas iona l ly  hemoglobinuria w a s  produced. These were 
observed a t  doses  of 5-8 mg/kg; s l i g h t  t r a n s i e n t  e l e v a t i o n s  of plasma 
hemoglobin were occas iona l ly  noted a t  dose levels of 1-2 mg/kg (12). 

I 0 1 8 8 5 8  
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Based on these  observa t ions  i n  animals and humans, i t  is a n t i c i  a t e d  
t h a t  t he  r e l a t e d  admin i s t r a t ion  of s t a b l e  erbium toge the r  wi th  y67Tm 
a t  t h e  level proposed (not  t o  exceed 10 pg Er/kg) would produce a 
minimal hazard f o r  t h e  s u b j e c t s  r ece iv ing  thulium-167 c i t ra te  f o r  
tumor l o c a l i z a t i o n .  
t h e  use  of 167Tm c i t r a t e  as ou t l ined  i n  t h i s  app l i ca t ion .  

The ORAU Committee on Human S tud ie s  has  approved 

3 .  Radiat ion Dosimetry: 

The r a d i a t i o n  hazard f o r  167Tm a t  t h e  dose level proposed w i l l  b e  
minimal. Table 9 shows t h e  est imated t o t a l  body r a d i a t i o n  dose and 
t h e  r a d i a t i o n  dose t o  va r ious  organs p e r  m C i  of adminis tered 167Trn 
(maximum proposed dose f o r  a 70 kg s u b j e c t  = 1 m C i )  . 
Due t o  a p,  n i n t e r a c t i o n  wi th  168Er t h e r e  w i l l  b e  a s l i g h t  product ion  
of 168Tm which w i l l  n e c e s s a r i l y  b e  a contaminant i n  t h e  f i n a l  167Trn 
prepara t ion .  Measurements by ORNL i n d i c a t e  t h a t  t h e  l e v e l  of 168Tm 
contamination w i l l  b e  less than  0.4% ( 4  V C i  of 168Tm p e r  1 m C i  of 167Tm) 
a t  t h e  end of t h e  product ion  bombardment. Although t h e  r a d i a t i o n  dose 
from 168Tm a t  t h i s  l e v e l  w i l l  be  minor, i t s  concen t r a t ion  i n  t h e  167Tm 
prepa ra t ion  w i l l  cont inuously rise as t h e  167Tm decays,  s i n c e  i t s  h a l f  
l i f e  i s  93 days w h i l e  t h a t  of 167Tm i s  9 . 3  days.  
t h e r e f o r e ,  t o  e s t a b l i s h  a maximum level f o r  t h i s  contaminant beyond 
which a p a r t i c u l a r  167% prepa ra t ion  w i l l  n o t  be  used. 
purposes i n  t h i s  s t u d  
168Tm pe r  1 m C i  of 16TTm). The es t imated  r a d i a t i o n  dose from 168Tm 
a t  t h i s  level  of contamination is  a l s o  shown i n  Table  9 f o r  t h e  
m a x i m u m  dose of 167Tm (1 m C i )  . 

It is  necessary ,  

For our  
w e  propose a maximum l e v e l  of 4% (40 pCi of 

It i s  a pa ren t  from t h e  above cons ide ra t ions  t h a t  t h e  r a d i a t i o n  dose 
from l6PTm c i t ra te  when used as proposed w i l l  b e  w i t h i n  accep tab le  
r a d i a t i o n  l i m i t s .  The O U U  Medical Radionuclide Committee has  
accord ingly  approved t h e  c l i n i c a l  use  of 167Tm c i t r a t e  i n  humans. 

b. Previous Marketing: ' 

This  drug has  no t  prev ious ly  been marketed b u t  i t  has  been i n v e s t i g a t e d  
i n  humans as a bone scanning agent  (13). 

C. Drug Combination: 

Thulium-167 (111) c i t ra te  is  not  a combination of prev ious ly  i n v e s t i g a t e d  
o r  marketed drugs. 

7. LABEL AND INFORMATIONAL MATERIAL: 

The i n v e s t i g a t o r s  prepar ing  and adminis te r ing  t h i s  drug are working i n  
c l o s e  c o l l a b o r a t i o n  a t  t h e  same i n s t i t u t i o n .  Therefore ,  no formal 
in fo rma t iona l  material w i l l  be  prepared.  
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8. SCIENTIFIC T R A I N I N G  AND EXPERIEKCE OF INVESTIGATORS: 

The sponsor cons iders  t h e  chief  i n v e s t i g a t o r s ,  a l l  of whom are 
supported by competent a s s o c i a t e s ,  t o  be  exceedingly w e l l  q u a l i f i e d  
f o r  t h i s  research .  
about Drs. Edwards, Hcbner, Goswitz, Vodopick, and Hayes (ORAU) and 
Poggenburg (ORNL) . 

See b i b l i o g r a p h i c a l  material i n  the  appendix 

9. PROGRESS OF THE INVESTIGATION: 

The progress  of t h e  i n v e s t i g a t i o n  and evidence of s a f e t y  and e f f e c t i v e -  
ness  of t h e  drug w i l l  be  eva lua ted  by C. L. Edwards, R. L. Hayes, 
J. K. Poggenburg, and t h e  sponsor ,  Gould 1L Andrews, M.D., Chairman 
of t h e  ORAU Medical Div is ion ,  wi th  advice  from t h e  ORAU Program Review 
committee and t h e  ORAU Committee on Human Studies  (see a t tached  lists 
and b iographies  i n  t h e  appendix).  

10. CLINICAL STUDIES: 

Phases I and 11, c l i n i c a l  pharmacology, i n  t h i s  s tudy  w i l l  c o n s i s t  of 
observa t ions  on t h e  metabolism and t o x i c i t y  of ca r r i e r - f  ree 1 6 7 ~  
c i t r a t e  conta in ing  erbium ci t ra te  toge the r  wi th  pre l iminary  observa t ions  
on i ts  tumor- local iz ing p r o p e r t i e s .  C. L. Edwards, M.D. w i l l  b e  i n  
charge of t h e  c l in i ca l  i n v e s t i g a t i o n .  

P a t i e n t s  (30) w i l l  be  known t o  have cancer .  
r e c r u i t e d  from among our  c l i n i c  p a t i e n t s  and from p a t i e n t s  i n  t h e  
Oak Ridge Hosp i t a l  and surrounding h o s p i t a l s .  Informed consent  w i l l  
be  obtained from each p a t i e n t  (minors and a d u l t s  incapable  of g iv ing  
an informed consent w i l l  be  excluded from t h e  s tudy) .  No inducements 
w i l l  be  o f f e red  t o  o b t a i n  voluntary  consent .  
p a t i e n t s  w i l l  b e  r e c r u i t e d  s p e c i f i c a l l y  f o r  t h e  s tudy wi th  no promise 
of continued medical care a t  ORAU, and t h e  ORAU p a t i e n t s  w i l l  be  
a s su red  t h a t  t h e i r  p a r t i c i p a t i o n  i s  no t  a p r e r e q u i s i t e  t o  t h e i r  
cont inuing  t o  r e c e i v e  t rea tment  a t  ORAU. 

They w i l l  be  a d u l t s  

The l a t t e r  group of 

The p r i n c i p a l  ques t ions  t o  be  answered are: 

1. 
dose levels proposed? 

2. 
tumor d e t e c t i o n  by scanning? 

Is t h e r e  any unsuspected t o x i c  e f f e c t  of erbium on humans a t  t h e  

W i l l  t h e  uptake of 167Tm i n  human tumors be s u f f i c i e n t  t o  permit  

3. For purposes of r a d i a t i o n  dosimetry,  what is t h e  blood c l ea rance  
ra te  and exc re t ion  p a t t e r n  f o r  167Tm i n  humans? 

4 .  What is t h e  optimum dose and scanning t i m e ?  

10488b0 



While i t  is  no t  a n t i c i p a t e d  t h a t  t h e r e  w i l l  be  any t o x i c  e f f e c t  of 
erbium a t  t h e  doses t o  b e  used i n  t h i s  s tudy ,  t h e  p a t i e n t s  w i l l  be  
observed c l o s e l y  f o r  any unan t i c ipa t ed  untoward e f f e c t s .  
a t t e n t i o n  w i l l  be  given t o  looking f o r  an  e f f e c t  on t h e  c l o t t i n g  
mechanism, because of t he  known an t i coagu lan t  e f f e c t  of some of t h e  
rare e a r t h  elements.  

To determine t h e  optimum t i m e  f o r  scanning and t o  o b t a i n  d a t a  f o r  
more p r e c i s e  r a d i a t i o n  dose estimates, blood l e v e l s  and whole body 
counts  w i l l  be  monitored a t  f r equen t  i n t e r v a l s  from m u l t i p l e  blood 
samples and l i n e a r  p r o f i l e  scans .  All u r i n e  and f e c a l  e x c r e t a  w i l l  
be  c o l l e c t e d  and measured f o r  r a d i o a c t i v i t y  by w e l l  count ing f o r  up 
t o  two weeks a f t e r  dosing. 

The optimum dose f o r  scanning w i l l  b e  determined from d a t a  obtained 
wi th  t h e  use  of m u l t i p l e  imaging devices  (Anger camera and recti-  
l i n e a r  scanners ) ,  w i th  scans  made a t  d i f f e r e n t  t i m e  i n t e r v a l s .  

P a r t i c u l a r  

i 

Should t h e  r e s u l t s  of t h i s  s tudy  be  encouraging, a subsequent 
proposa l  and a p p l i c a t i o n  w i l l  be  f i l e d  f o r  c l i n i c a l  t r ia ls  involving 
comparison wi th  o t h e r  tumor de tec t ion  techniques.  

11. The sponsor w i l l  n o t i f y  t h e  Food and Drug Adminis t ra t ion  i f  t h e  
i n v e s t i g a t i o n  i s  d iscont inued ,  and t h e  reason  f o r  it. 

12. The sponsor w i l l  n o t i f y  t h e  i n v e s t i g a t o r s  i f  a new drug a p p l i c a t i o n  
is approved. 

There are no p l ans  f o r  s e l l i n g  t h i s  drug;  Oak Ridge Associated 
U n i v e r s i t i e s  is a nonpro f i t  co rpora t ion ,  and our  i n t e r e s t  is only 
i n  t h e  b a s i c  r e s e a r c h  phase of t h i s  work. 

The sponsor  w i l l  n o t  permit  i n i t i a t i o n  of c l i n i c a l  s t u d i e s  of 167T~ 
c i t ra te  p r i o r  t o  30 days a f t e r  t h e  d a t e  of r e c e i p t  of t h e  n o t i c e  by 
the  Food and Drug Adminis t ra t ion.  H e  a l s o  w i l l  cont inue t o  withhold 
o r  t o  restrict  c l i n i c a l  s t u d i e s  i f  reques ted  t o  do s o  by t h e  Food and 
Drug Adminis t ra t ion p r i o r  t o  t h e  e x p i r a t i o n  of  such 30 days. 

,* 13. 

14. 

1 0 4 8 8 b l  
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TABLE 4 

EFFECT OF ERBIUM C W I E R  ON THE DISTRIBUTION OF 171ER (24 hr) IN THE RAT 

Carrier (mg/kg) 
Tissue Q C.F. 0.1 0.5 1.0 

X Administered Dose/g 

Liver 

Spleen 
Kidney 

Lung 

Muscle 

0.50 
0.24 

1.30 

0.19 
0.02 

3.40 8.00 10.00 
0.76 1.60 4.80 
3.00 1.40 1.00 
0.20 0.33 . 0.64 

0.02 0.02 0.01 
Femur 4.50 2.61 1.40 1.10 
Marrow 0.26 0.56 1.30 2.00 
Blood 0.01 0.03 0.13 0.18 
Tumor 2.30 1.60 0.88 0.44 

TABLE 5 

EFFECT OF CARRIER ERBIUM ON TISSUE DISTRIBUTION (21 hr) OF 171ER IN THE RAT 

Carrier (yg/kg) 
Tissue Q C.F. 1.7 11 17 34 

% Administered Dose/g 

Liver 0.68 0.72 0.61 1.30 3.70 

Spleen 0.57 0.66 0.32 0.67 1.10 

Kidney 1.40 1.60 1.80 2.60 2.70 

Lung 0.19 0.23 0.18 0.19 0.23 

Muscle 0.03 0.03 0.02 0.03 0.03 

Femur 4.50 4.70 4.20 4.10 3.50 

Marrow 0.24 0.28 0.30 0.39 0.65 

L.rr’ Blood 0.02 0.02 0.02 0.02 0.06 

Tumor 4.00 5.00 3.80 4.00 3.70 

1 0 4 8 8 b b  



TABLE 6 

TISSUE DISTRIBUTION OF 1 6 7 ~  (24 HR) IN RATS BEARING 7777 HEPATOMAS WHEN 

ADMINISTERED INTRAVENOUSLY IN VARIOUS FORMS* 

Form 
Tissue/Ratio Gluconate Citrate NTA HEIDA HEDTA 

2.70 3.20 2.70 2.70 0.17 . .  Tumor (%/g) 

Ratio tumor conc. to: 

Liver 3.10 7.50 6.90 6.40 2.30 
Spleen 3.30 6.10 4.40 4.80 0.44 
Kidney 2.60 3.00 3.30 3.40 0.53 
Muscle 160 170 140 210 110 
Femur 1.10 1.30 1.10 1.10 0.88 
Femoral marrow 6.50 8.00 6.70 6.10 4.90 
Blood 150 150 140 120 19.0 

* 5.2 pM/kg; 4 animals per group. 

TABLE 7 

TISSUE DISTRIBUTION (24 HR) OF 170TM IN THE MALE AND FEMALE FISCHER RAT* 

SeX Significance Tissue 
Male Female P 
% Administered dose/g** 

Liver 0.74 0.56 0.001 - 0.01 
Spleen 

Kidney 

Lung 

Muscle 

Femur 

Marrow 

Blood 

0.57 

0.62 

0.13 

0.03 

5.00 

0.33 

0.02 

0.31 eo. 001 

0.52 0.02 

0.11 - 
0.02 (0.001 

4.30 <o. 001 

0.22 - 
0.01 <o. 001 

* 
Groups of 5 animals each. 

** 
Percent administered dose/g normalized to body weight of 250 g. 



TABLE 8 

U' 

. 

EFFECT OF AGE ON THE TISSUE DISTRIBUTION (24 HR) OF 170TM IN THE 

MALE BUFFALO RAT* 

Tissue Age Significance 

2 months 5 months P 
% Administered dose/g** 

Liver 
Spleen 
Kidney 
Lung 
Muscle 
Femur 

- Marrow 
Blood 

0.36 0.48 
0.19 0.29 
0.76 2.10 
0.14 0 .29  

0.02 0.04 
4.60 4.30 
0.26 0.38 
0.01 0.02 

<o. 001 
40.001 
<o. 001 
<o. 001 
<o. 001 
40.05 >0.02 
<0.01 >0.001 
<o. 001 

190 370 
~ ~~~ ~~ 

* Groups of 5 animals each. 
** Percent administered dose/g normalized to body weight of 250 g. 

LT/ 

- .. . . . . . . . . . . -. . .. .. . . . . . . . . . .. . . - . .. .. - .. . . .... . ... - _. 

TABLE 9 

ESTIMATED HUMAN RADIATION DOSE FROM 167TM AND ASSOCIATED 16 8m 

Organ + * 
Radionuclide Total Body Liver Kidney Spleen Skeleton Marrow 

167Tmf 1.8 3.7 5.6 3.4 5.7 2.7 

1.9 2.5 3.0 2.3 2.8 2.7 16BT,S 

. * 
Uniform distribution with no excretion. 

+ Skeleton = bone + marrow. 
Rads per mCi of 167T~. 

Rads per 40 UCi of 168Tm (see section 6-a-3). w 
... . 
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SOC. R e s . ;  C e n t r a l  SOC. Cl in .  Res.; h e r .  Coll .  Phys ic ians ;  
I n t e r n a t i o n a l  SOC. of Hematology, etc. 

Tennessee Memorial Research Center 

Washington Un ive r s i ty ,  M.D., 1944 
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Name : 
‘w Position: . 

School : 

Licensure: 
Board : 
Memberships : 

Name : 
Position : 
Schools : 

, 

Licensure: 
Board : 
Memberships : 

Name : 
Posit ion : 

Schools : 

w Memberships : 

Name : 
Position : 
Schools : 

Memberships: 

Interests: 

Name : 
Posit ion : 
Schools : 

Memberships: 

Interests: 

Thomas A. Lincoln 
Director, Health Division, ORNL 
Macalester College, B.A., 1946 
University of Minnesota, B.S., 1947; B.M., 1949; M.D., 1950 
Rotating Internship, Ancker Hospital, St. Paul, Minn. 1949-50 
Tennessee, Minnesota 
American Board of Preventive Medicine, 1963 
Fellow,Industrial Medical Association; Tenn. Indust. Med. 
Assoc.; Amer. Acad. Occupational Med.; AMA; Roane-Anderson 
County Med. SOC,; Oak Ridge Regional Mental Health Center. 

Bill Nelson 
Research Pathologist 
University of Kansas, A.B., 1948 
University of Chicago, School of Medicine, M.D., 1952 
Tennessee 
American Board of Pathology 
Amer. Med. Assoc.; her. SOC. Clin. Path.; Reticuloendothelial 
SOC.; Society of Nuclear Medicine; Tennessee Assoc. Pathology 

J. K. Poggenburg, Jr. 
Research Staff, Biomedical Radioisotopes Group, Oak Ridge 
National Laboratory 
College of the Holy Cross, Worcester, Mass., B.S., 1956 
University of California, Berkeley, Ph.D. - Nuclear Chemistry 
her. Chem.Soc.; Society of Nuclear Medicine; Sigma Xi. 

Leonard A. Sagan 
Internal Medicine, Research Administration 
Stanford, A.B., 1950 
University of Chicago, M.D., 1955 
Harvard, M.P.H., 1965 
Dipl. her. Board Internal Medicine; Fel. American College of 
Physicians. 
Late effects of radiation. 

William Harold Stone 
Genetics, Immunology 
Brown University, A.B., 1948 
Maine, M.S., 1949 
Wisconsin, Ph.D., 1953 
Genetics SOC.; SOC. Human Genetics; Amer. Assoc. Immunology; 
Transplantation Society; Science Research Society her. Animal 
Science. 
Immunogenetics and immunochemical studies of blood groups; 
immunology of fertility and sterility; transplantation and 
tolerance. 
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Name : John B.  Storer " Position: S c i e n t i f i c  Director for  Pathology and Immunology, Biology 
Division, Oak Ridge National Laboratory 

Schools : University of Chicago, M.D., 1947 
Memberships: American Association Cancer Research; h e r .  SOC. for Exper. 

Path.; Radiation Res. SOC.;  SEBM; Nat. Council on Radiation 
Protection .and Measurements 
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MEMORANDUM 

- A p r i l  9 ,  1975 
DATE 

D r  . Lushb augh 

Medical Radionuclide Committee and Committee on Human S tud ie s  
ii" 

SUWJCCT -- - 

O r i g i n a l l y ,  the name of the  p re sen t  "Medical Radionuclide Committee" v a r i e d  from 
"Human Use Committee" t o  "Isotopes Commit tee ,I' and sometimes "Human S t u d i e s  Conunit tee." 
When D r .  Kniseley was here he p r e f e r r e d  "Isotopes Committee," b u t  a f t e r  h e  l e f t  and 
Roger,took over  as Chainnan of the Committee, he and h i s  group gave i t  a d e f i n i t e  
name, M e d i c a l  Radionuclide Committee." 
whi le  before  t h e  "Committee on Human Studies"  was  formed. I a m  a t t a c h i n g  a memo . 
concerning t h e  es tab l i shment  of t he  "Committee on Human Studies:  

This Committee was func t ion ing  q u i t e  a 

P r e s e n t  Members of the  Medical Radionuclide Committee are: 

B i l l  Gibbs, Chairman 
R. L.  Hayes 
J i m  Berger 
C. L. Edwards 
R. Hubner 
D. Swartzendruber 

5 
; Presen t  Members of the Committee on Human S tud ie s  are: _ .  

D r .  B r i l l  (Vanderbi l t )  
D r .  Edwards 
M r .  Koons 
D r .  Lange (UT, Knoxville) 
D r .  Lincoln,  ORNL 
D r .  S t o r e r  
Br~-Helson-- 
(It has  been suggested that  a m i n i s t e r  r ep lace  Nelson- pending-) 

,i 

.. 

D r .  Hayes had asked m e  t o  send copies  of t he  3-23-67 document t o  D r .  Andrews, D r .  
Edwards, and D r .  Hubner, p l u s  a copy t o  you. Roger had made some p rogres s  on the 
Committee when he was Chairman, b u t  a f t e r  he l e f t  t h e  Medical D iv i s ion ,  B i l l  Gibbs 

las t  proposal  they  reviewed w a s  Iodine-125 f o r  Thyroid Scanning, March 11. If you 
need anything f u r t h e r  on t h i s ,  l e t  me know. 

I hope t h i s  has  been h e l p f u l  and n o t  confusing! 

became Chairman, and I a m  n o t  knowledgeable about 

Frances 

I 0 4 0 8 1 8  
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39b 

75- 1 

75-2 

76- 1 

Table of Contents 

MEDICAL RADIONUCLIDE COMMI'lTEE 

Proposal # 

I 76-2 

L/ 76-3 

! 76-4 

76-5 

76-6 

76-7 

I 77-1 

77-2 

77-3 
.4 

Gallium-68 Labeled Hydrous Ferric Oxide Colloid for Tomographic 
Imaging of the Reticuloendothelial System. (October 1981) 

Amendment to existing IND 12,967: Physiological studies of pancreas and 
brain using 'IC-L-Tryptophan." (October 1981) 

Iodine-125 for Thyroid Scanning as liquids or capsules. (March 1975) 

Carbon-11 ACPC for the detection of tumors in humans. (April 1975) 

Xenon-133 gas inhalation for Lung ventilation and washout studies. (April 
1976) 

Xenon-133 gas for Lung perfusion studies. (April 1976) 

Carbon-1 1 DL-Valine-1 for visualization of the pancreas. (April 1976) 

(1) Fluorine-18 as Fluoride ion in Saline solution. Oral administration for 
Skeletal imaging. 
(2) Iodine-131 Sodium rose bengal for Liver function and Liver imaging. 
(3) Iodine-125. 
(April and June 1976) 

Selenium-75 for pancreas imaging. (June 1976) 

Carbon-11 DL - Tryptophan for visualization of the pancreas. (October 
1976) 

Technetium-99m - Iron - Ascorbate - DTPA (Renotec R) for Renal 
Scanning. (November 1976) 

Gallium-68 EDTA for studies of Brian lesions, Soft tissue Malignancies, 
and Kidneys. (March 1977) 

Emission Computerized Tomography studies of Gallium-68 citrate. 

To Investigate Carbon-11 ACBC for the positron tomography detection of 



-- I I 1 , 1 1 1 1  

u' 
tumors in humans and to compare its efficacy with Carbon-11 ACBC and 
Gallium-67 citrate. (September 1977) (May 1977) . 

78- 1 Gallium-68 Labeled Microspheres - Preparation for the study of Lung 
perfusion in subjects with Pneumoconiosis. (July 1978) 

78-la Gallium-68 Labeled Microspheres - Change previous approved Level. 
(March 1979) 

79- 1 Gallium-68 EDTA aerosol for Lung Ventilation studies by positron 
tomography. (May 1979) 

79-2 Technetium-99m Pertechnetate for Peripheral Vascular imaging and blood 
pool imaging in patients with probable Radiation injury. (December 1979) 

80-1 Ytterbium-169 Citrate for the detection of in Flammatory Lesions. (April 
1980) 

81-1 L-Valine-1 "Carbon to study the rate of protein synthesis by Positron 
Emission Computerized Tomography in Neoplastic Lesions and in the 
Brain. (January 1981) 

1 0 5 8 8 8 0  



Iden t  No. 68 

W 

APPLICATION FOR THE USE OF HUMAhS As EXPERIMENTAL SUBJECTS 

TO: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities (ORAU) 
and Oak Ridge National Laboratory ( O F )  

Date: October 15, 1981 

P r i n c i p a l  Inves t iga to r :  Karl F. Hzbner, M.D. (ORAU) 

Co-Investigators: Raymond L. Hayes, Ph.D. (ORAU) 

Franc is  Goswi t z ,  M . D .  ( O a k  Ridge Medical C l i n i c )  

T i t l e  of Pro jec t :  USE OF 68GA-LABEI,ED HYDROUS FERRIC OXIDE COLLOID FOR 
TOMOGRAPHIC IMAGING OF THE RETICULOENDOTHEIAL SYSTEM. 

I. Obiective of Experiment: 

The ob jec t ive  of this s tudy  i s  t o  determine t h e  b e n e f i t s  t h a t  may be 
derived from t h e  admin i s t r a t ion  of 68Ga-labeled hydrous ferric oxide  
c o l l o i d  and subsequent scanning with an ORTEC ECAT-I1 p o s i t r o n  tomograph 
f o r  determining t h e  f u n c t i o n a l  s t a t u s  of t h e  r e t i c u l o e n d o t h e i a l  system 
(RES) i n  p a t i e n t s  a f f l i c t e d  wi th  cancer. The r e s u l t s  obtained i n  each 
p a t i e n t  w i l l  be compared wi th  those  obtained wi th  conventional 99mTc 
s u l f u r  c o l l o i d  scanning using a Sea r l e  FOCON-I1 scanner (a s i n g l e  
photon tomographic instrument).  
by D r .  Goswitz. 
l i f e  t h a t  is a v a i l a b l e  from a long-lived (Tl/2 5 288 d) 68Ge/68Ga 
generator.  

These l a t t e r  s t u d i e s  w i l l  be performed 
Gallium-68 is a pos i t ron  emitter wi th  a 68-min h a l f  

11. Methods of Procedure: 

The 68Ga-labeled hydrous f e r r i c  oxide c o l l o i d  (mean diameter of p a r t i c l e s  
= s9 nm) w i l l  be prepared b y , h e a t  hydro lys is  of d i l u t e  f e r r i c  c h l o r i d e  
s o l u t i o n s  t h a t  conta in  68Ga chlor ide .  The 68Ga c h l o r i d e  w i l l  be produced 
from 68Ga EDTA which i n  t u r n  will be obtained from a 68Ge/68Ga genera tor  
(procedure covered in ORAU I N D  13,533 f o r  68Ga c i t r a t e ) .  
w i l l  be s t a b i l i z e d  wi th  g e l a t i n  (obtained from a Mallinckrodt TechneColl 
Sul fur  Colloid k i t )  and brought t o  pH 6.0 with sodium acetate. 

The c o l l o i d  

The i n t r a -  ‘4 

1104888 t 
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venously i n j e c t e d  volume of t h e  prepara t ion  w i l l  n o t  exceed 3 . 4  m l  nor 
conta in  more than 1.4 mg of i r o n  f o r  a 70 kg sub jec t  (20 pg Fe/kg body 
weight). Each prepara t ion  w i l l  be t e s t e d  f o r  pyrogens be fo re  i t  is  
administered. The amount of 68Ga i n j e c t e d  w i l l  n o t  exceed 3.0 m C i  f o r  
a 70 kg s u b j e c t  ( 4 3  pCi/kg body weight). This p repa ra t ion  has  been 
shown i n  animals t o  l o c a l i z e  s p e c i f i c a l l y  i n  t h e  l i v e r ,  spleen, and 
bone marrow (see Tables 1 and 2) .  

A t o t a l  of 15-20 p a t i e n t s  w i l l  be s tudied .  These p a t i e n t s  w i l l  be 
r e f e r r e d  t o  t h e  Medical and Health Sciences Division by Dr. Francis  
Goswitz or o the r  oncologis t s  i n  t h e  area. 
t h e  p a t i e n t s  will receive 99mTc s u l f u r  c o l l o i d  single-photon tomographic 
FOCON scans i n  Goswitz's f a c i l i t i e s .  
be  scanned with t h e  Medical and Health Sciences Div i s ion ' s  (M&HSD) Pho- 
Gamma V camera immediately following these  99mTc s t u d i e s .  Two t o  t h r e e  
days a f t e r  t h e  99mTc RES s t u d i e s  t h e  p a t i e n t s  w i l l  be s tud ied  a t  M&HSD 
us ing  t h e  ECAT-I1 scanner and t h e  68Ga-labeled c o l l o i d  agent d e t a i l e d  
above. Scanning w i l l  commence 10-15 minutes a f t e r  adminis t ra t ion .  Scan 
s e c t i o n s  (1.8 cm i n  th ickness)  w i l l  be made through t h e  body over those  
pos t ions  of t h e  t runk  t h a t  t h e  previous 99mTc sul fur  c o l l o i d  scans 
i n d i c a t e  are of i n t e r e s t  o r  t h a t  c l i n i c a l  assessment d i c t a t e s .  Informed 
consent w i l l  be obtained from each p a t i e n t  before  t h e  s tudy  i s  performed 
(see  a t tached  consent form). 

Before referral, when poss ib le ,  

I d e a l l y  these  p a t i e n t s  vlll a l s o  

111. Poss ib l e  Hazards and Their Evaluation: 

The s t a b l e  components of t h i s  radiopharmaceutical p repa ra t ion  w i l l  be 
similar t o  those  of several drugs t h a t  are c u r r e n t l y  being used f o r  
intravenous treatment of i r o n  def ic iency  anemia where o r a l  i r o n  
admin i s t r a t ion  has been found t o  be i n e f f e c t i v e  o r  imprac t i ca l ,  i.e., 
Imferon and As t r a fe r .  Both of t hese  prepara t ions  con ta in  hydrous 
f e r r  
The h a - l a b e l e d  hydrous f e r r i c  oxide c o l l o i d  t o  be used i n  these  
s t u d i e s  w i l l  be s t a b i l i z e d  wi th  g e l a t i n  (Mallinckrodt),  t h e  agent of 
choice i n  99mTc s u l f u r  c o l l o i d  prepara t ions .  
normally administered a t  dose levels of approximately 1 mg Fe/kg body 
weight. The amount of i r o n  administered with t h i s  p repa ra t ion  w i l l  no t  
exceed 20 pg Fe/kg body weight (1/50th t h e  usua l  i r o n  dose f o r  Imferon 
and As t r a fe r )  . 
t h e  r e s u l t  of t h e  adminis t ra t ion  of '8Ga-labeled hydrous f e r r i c  oxide 
c o l l o i d .  
a t  a l e v e l  50 t i m e s  t h a t  t o  be used i n  human s u b j e c t s  us ing  male and 
female rats gave negat ive  r e s u l t s .  

oxide c o l l o i d  s t a b i l i z e d  wi th  high molecular carbohydrates. 

Imferon and As t r a fe r  are 

No untoward e f f e c t s  hould the re fo re  be expected as 

A study of t h e  acute  e f f e c t s  of t h i s  p repa ra t ion  administered 

I V .  Radioisotopes and New Drugs: 

68 The rad io iso tope  used i n  t h i s  prepara t ion  w i l l  be 
It w i l l  be obtained from a New England Nuclear 68Ge/68Ga generator.  
This proposal w i l l  be submitted t o  t h e  ORAU Medical I so topes  Committee 
on October 20, 1981. The Committee on Human Studies  w i l l  be n o t i f i e d  
of  i t s  a c t i o n  when t h e  committee meets on October 29, 1981. The ORAU 
I n t e r n a l  Dose Information Center estimates on the  b a s i s  of t h e  da t a  
contained i n  Table 1 t h a t  t he  r a d i a t i o n  dose t o  t h e  human l i v e r  w i l l  

Ga (T1/2 = 68 m). 
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be 1.7 rads/mCi of 68Ga ( 5  rads for the proposed dose of 3 mCi of 68Ga- 
labeled hydrous ferric oxide colloid per 70 kg subj,ect). 

V. Responsibility of Principal Investigator: 

The principal investigator will follow the procedures of the Committee 
on Human Studies in obtaining "informed consent" from the subjects 
under study (see attached consent form). The investigator recognizes 
that he retains the primary responsibility for safe-guarding the 
interests of the participants under study. Any significant changes 
in methods of procedure or the development of unexpected risks will 
be immediately brought to the attention of the Committee on Human 
Studies. 

' 

Starting Date December 15, 1981 

S i gnat ur es Principal Investigator 

Co-Investigator 

Co-Investigator 

DIVISION REVIEW: 

The application described above has been reviewed and approved. 

Official signing f o r  the institution: 

Signature : 

Title: Chairman, Medical and Health Sciences Division 

Institution: Oak Ridge Associated Universities 

Date : 

W 

1048883 



TABLE 1 

Tissue Distribution of 68Ga-Labeled Hydrous Ferric Oxide Colloid in Male 

Fischer-344 Rat at Various Times After Administration. 

Tissue or Time (win) 
Organ 15 30 60 

~~ 

Liver 

Spleen 

Kidney 

Lung 

Muscle 

Femur 

Bone marrow 

Blood 

Testis 

* t 10.6 5 0.6 (88.4)’ 11.3 + 0.9(91.7) 
2.70 - +‘0.42 3.125 0.42 

0.13 5 0.01 0 . l E  0.01 

0.16 5 0.01 0.212 0.05 

0.01+ 0.00 0.01 5 0.00 - 
0.182 0.02 0.14 - + 0.01 

0.95 5 0.10 1.192 0.19 

0.14 2 0.03 0.072 0.01 

0.01 - + 0.00 0.012 0.00 

9.9 + 0.3(94.1) 
3.112 0.14 

0.08+ 0.01 

0.14+ 0.02 

0.02+ 0.00 

0.29+ - 0.05 
1.162 0.10 

- 
- 
- 

0.09+ 0.01 

0.01+ - 0.00 
* 
Percent administered 68Ga/g normalized to 250 g body weight; 5 animals 

per group. 

Standard error. 

Fercent administered 68Ga/organ. § 

ii 

1.0 1c 8 8 8 4 



TABLE 2 

68Ga-Labeled Hydrous Ferric Oxide Colloid 

Ratio of 68Ga activity i n  livef, spleen and 
marrow to that in other organs 

Spleen to: Marrow to : Liver to: 

Liver 

Spleen 

Kidney 

Lung 

Muscle 

Femur 

Narrow 

Blood 

Testis 

- 
4 

110 

54 

1100 

63 

10 

160 

1100 

0.3 

- 
31. 

15 

310 

17 

3 

45 

3 10 

0.1 

0.4 

12 

6 

120 

7 

- 
17 

120 

* 
30 Minutes after intravenous administration. 



Oak Ridge Associated Universities 
MEMORANDUM h. 

Ray Hayes FROM Jack Coffey 

September 30, 1981 COPIES TO File  
U 

DATE 

SUBJECT - Radiation Dose from Ga 68 H V & ~ I J <  Ferrir h i t i p  Cnllnid 

Listed below are  the radiation dose estimates fo r  Ga-68 Hydrous Ferric 
Oxide Colloid based on the rat d a t a  you supplied. 

Organ 

Liver 

Red Marrow 

Spleen 

Testes 

Total Body 

JLC/fs 

Radiation Dose (rad/mCi) 

1.7 

0.085 

0.33 

0.0026 

0.001 1 



MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Hea l th  Sc iences  Div is ion  

Oak Ridge Assoc ia ted  Universities 

PERSOd SDMITTLNG PROPOSAL Karl F. H:bner PROPOSAL NO. 68 

DESCRIPTION : 
\c/ 

“Ga-Labeled hydrous f e r r i c  ox ide  c o l l o i d  f o r  tomographic 

imaging of t h e  r e t i c u l o e n d o t h e l i a l  system. 

The C o d t  tee approves with t h e  fo l lowing  l i m i t a t i o n s  : 

Radiopharmaceut ical  may- may n o t  x b e  adminis te red  t o  p a t i e n t s  under 
18 yea r s  of age.  

Radiopharmaceut ical  may- may n o t  be adminis te red  t o  pregnant  p a t i e n t s .  

Other: 

a The Committee d isapproves  f o r  t h e  fo l lowing  reasons:  

MEMBER APPROVAL DISAPPROVAL ABSENT 

Acknowle dgemen t of s u b m i t t e r  \ + k d  t. k k  Date 

P roposa l  does x does n o t  r e q u i r e  approva l  of Committee on Human S tud ie s .  
W 

Human S t u d i e s  approval  g ran ted  on 



PROPOSAL 39b 

The material accompanying t h i s  proposal includes the  
proposal i t s e l f ,  consent forms, and a letter t o  Dr.  Gyarfas 
of FDA. 
be sent u n t i l  the Committee has made a decision regarding the 
proposal. It i s  included for  your information. 

The Gyarfas letter has not been sent and w i l l  not 

, 
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I d e n t .  Wo. 39b 

APPLICATION FOR THE USE OF IIUXAIJS AS EXPEZESK;TAL SUMECTS 

TO : CO! NITTEE OH HUF;Mq STUDIES 
02k Ridge A s s o c i a t e d  U n i v e r s i t i e s  and 
Oak Ridge Kational Labora to ry  

Date 10/12/81 

P r i n c i p a l  I n v e s t i g a t o r :  K. F. H3bner 

Co-Inves t iga tors :  Lee Washburn 

R. L. Haves 

T i t l e  of P r o j e c t :  Anerdnent t o  e x i s t i n e .  IKD 12.967: p h v s i o l o z i c a l  

s t u d i e s  of t h e  DsncieaS and b r z i n  using: 

l1 C-L- t ~ V P  tophan 

I. O b i e c t i v e s  of Experiment:  

1. To deternine v h e t h e r  t h e  'IC-1-trypto han  l o c a l i z e s  t o  a h i g h e r  degree  i n  

v h e t h e r  

(11C-ACPC) can be used f o r  t h e  d i f f e r e n t i a l  d i a g n o s i s  of p a n c r e a t i c  d i s e a s e  
by p o s i t r o n  tomography. 

normal p y e a t i c  t i s s u e  t h a n  i n  neo'p P a s t i c  or i n f l a z z z t o r y  l e s i o n s ,  and 

carboxylic a c i d  ( I k - A C B C )  o r  1 1 C-1-aminocyclopentanecarboxylic a c i d  
C-L-try tophan  i n  con u n c t i o n  v i t h  llC-l-aminocyclobutane- 

2. To s tudy  t h e  m e t a b o l i c  a c t i v i t y  o f ,  t h e  b r z i n  o r  s p e c i f i c  s t r u c t u r e s  of 
t h e  b r a i n  i n  p a t i e n t s  w i t h  P h e n y l i e t o n u r i a  (PIX), Xuntington 's  Disease 
($31 ,  and b r z i n  tuizors by n e a s u r i n g  t h e  r a t e  of p r o t e i n  s y n t h e s i s  u s i n g  
11C-L-tryptophan a s  a p r e c u r s o r .  

11 There ;re 
; r . izzls  : odd  be r e q u i r e d  f o r  meaningfu l  ECkT s t u d i e s .  I n  v i v o  Eessu renen t  
of  z c t c b c l i c  a c t i v i t y  2 s  based on slnino a c i d  (L-tryTtophan)  u t i l i z a t i o n  
shou ld  p rov ide  a b e t t e r  u n d e r s t a n d i n g  of p z n c r c a t i c  d i s e s s e  2nd b r a i n  Csuage 
L Z Q  :-:i;ht for;= t h e  Oas i s  f o r  nev i n f o m . o t i o n  needed f o r  i np roved  t r e r t a e n t  of 
i;li:se c i s e c s e s .  

no good l a r g e  rn i r , a l  node l s "  f o r  any of  t h e s e  d i s e z s e s .  Large 

. .  



111. P o s s i b l e  Hazards  and T h e i r  E v a l u a t i o n  

\ '. 
\ I 

d 
"here a r e  no c n e z i c a l  r i s k s  f r o m  i n j e c t i n g  L-tryptophan i n  t h e  amounts 
proposed i n  t h i s  i a v e s t i g a t i o n .  
( s t e r i l i t y ,  p y r o g e n i c i t y  t e s t i n g )  p r i o r  t o  i . v .  i n j e c t i o n  of 
s n o u l d  e l i m i n a t e  sny  s i d e  e f f e c t s .  

Adherence t o  q u a l i t y  c o n t r o l  1P r o c e d u r e s  
C-L-tryptophzn 

IV. CsdLoisotc3es ~ n d  I;ev Drurs  

L-tryptophan,  a n a t u r a l  essent ia l  amino a c i d ,  w i l l  be l a b e l e d  w i t h  carbon-11. 
The whole body r a d i a t i o n  doses from the i n j e c t i o n  of carbon-11 l a b e l e d  
L-tryptophan i n  the amounts proposed a r e  comparable t o  r a d i a t i o n  d o s e s  from 
conven t iona l  panc reas  and  b r a i n  scans  (200 t o  500 m i l l i r a d  t o t a l  body dose) .  
The conpound 2nd d o s e s  have  been approved by t h e  ORAU/MLHSD's Radionuc l ide  
Conn i t t ee .  
a p p r o v a l  by t h e  ORAU/ORNL C o r n i t t e e  on Hunsn S t u d i e s .  

The a t t a c h e d  zmendment w i l l  be s u b n i t t e d  t o  FDA subsequent  t o  

V. R e s p o n s i b i l i t i e s  of P r i n c i p a l  I n v e s t i z a t o r  

T3e p r i n c i p z l  i n v e s t i g a t o r  w i l l  f o l l o w  t h e  p rocedures  of t h e  C o m i t t e e  on 
i?u=cn S t u d i e s  i n  o b t z i n i n g  " i n f o m e d  CorsErit" f r o n  t h e  s u t j j e c t s  urider s tudy .  
iris i x c s t i g s t o r  r e c o g n i z e s  t h a t  he  r e t z i n s  t h e  p r i n n r y  r e s p o n s i b i l i t y  for 
sz fe -guz id ing  che i n t e r e s t s  or' t h e  p a r t i c i p a n t s  under s tudy .  
changes i n  ziethods of  p rocedure  o r  of t h e  d e v e l o p e n t  of unexpected r i sks  
!:ill be k s e d i s t e l y  b rough t  t o  t h e  z t t e n t i o n  of t h e  C o s i t t e e  on Hman  
S t u a i e s  . 

c 

Any s i g n i f i c a n t  

u 
S t a r t i n g  Date: December 1. 19131 

S i g n a t u r e  s : P r i n c i p a l  I n v e s t i g a t o r  
--c <&L t. kL*,, 

@&z!L c.. WdLW C o - I n v e s t i g a t o r  

v D IV IS 101: ;tEv E!! : 

The t i p l i c z t i o n  d e s c r i b e d  above has been reviewed and a?proved f o r  s u h i s s i o n  
t o  t'ne CTkU/OPJ<L C o F i t t e e  on Eunnn S t u d i e s .  

T i t l e :  C h a i m a n ,  1:tESD 

I n  s t i t u  t i on : 0 i !: I? i 2 L' e >- s E o c i a t e d l in i ve r s i t i e s 

Date : 10/12/81 



Medical and H e a l t h  Sc iences  Div i s ion  
OAK RIDGE ASSOCIATED UNIVERSITIES 

Adu 1 t 
Guardian 

Ch i ld  

P a t i e n t  
Pa ren t  * 

Con t r o  Is 

CONSENT FOR RESEARCH STUDY 

T i t l e  of  P r o j e c t :  

~ 

P r i n c i p a l  I n v e s t i g a t o r :  

Name of Volunteer :  Age : 

To Dersons who a a r e e  t o  p a r t i c i p a t e  i n  t h i s  s tudy:  

The in fo rma t ion  on t h i s  and on t h e  a t t a c h e d  form has  been g iven  t o  me t o  
inform m e  about  t h i s  r e s e a r c h  p r o j e c t  and my p a r t i c i p a t i o n  i n  i t .  
been asked t o  r ead  t h e s e  forms c a r e f u l l y .  A l l  my q u e s t i o n s  abou t  t h e  s t u d y ,  
t h e  procedures  r e q u i r e d  t o  do t h e  s t u d y ,  and t h e  in fo rma t ion  provided  on t h e  

I have  

- a t t a c h e d  form have been answered. 

I unders tand  t h e  purpose  of t h e  s t u d y ,  t h e  procedures  involved ,  and t h e  
p o s s i b l e  risks and p o t e n t i a l  bene f i t s . .  
r i g h t s  and p r i v a c y  w i l l  b e  m a i n t a i n e d ,  any i n f o r n a t i o n  ga ined  in t h i s  test  
becomes t h e  p r o p e r t y  of ORAU and may be  p u b l h h e d  i n  t h e  s c i e n t i f i c  
l i t e r a t u r e  o r  used f o r  o t h e r  pu rposes  which ORAU deems p rope r  i n  t h e  i n t e r e s t  
of med ica l  educa t ion ,  knowledge, o r  r e s e a r c h .  

F u r t h e r ,  I unders tand  tha t ,  w h i l e  my 

I have been informed t h a t  I may, a t  any t i m e  withdraw from cont inued  
p a r t i c i p a t i o n  i n  t h i s  s tudy .  I unde r s t and  f u r t h e r  t h a t  i n  t h e  even t  of 
p h y s i c a l  i n j u r y  r e s u l t i n g  from t h e  p rocedure  e s s e n t i a l  med ica l  t r e a t m e n t  
i n c l u d i n g  h o s p i t a l i z a t i o n  i s  p rov ided  f r e e  of  charge ,  bu t  monetary 
compensation f o r  wages l o s t  because  of i n j u r y  i s  no t  a v a i l a b l e  from e i t h e r  
ORAU or Union Carb ide  Corpora t ion ,  ORNL. 
p a r t i c i p a t e .  

I f r e e l y  and v o l u n t a r i l y  choose t o  

Date 
S i g n a t u r e  of  Volunteer  

S i g n a t u r e  of p a r e n t s  and guard ian  
( vh e n a p p 1 i c ab 1 e ) 

1 0 1 8 8 9 1  
S i g n a t u r e  of Witness 
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e P r i n c i p a l  I n v e s t i g a t o r  : 

T i t l e  of P r o j e c t :  Amino Acid ( v a l i n e )  U t i . l i z a t i o n  i n  P a n c r e a t i c  D i seases  

The purDose of t h i s  s tudv:  
( s y n t h e s i s )  in t h e  pancreas  and i n  p a n c r e a t i c  tumors i n  o r d e r  t o  gain a 
be t t e r  unde r s t and ing  about  t h e  n a t u r e  of panc reas  d i s e a s e .  
basis a b r a i n  scan w i l l  be done f o l l o w i n g  the complet ion of t h e  panc reas  
scan f o r  t h e  purpose  of c o l l e c t i n g  d a t a  on v a l i n e  up take  by normal b r a i n  
s t r u c t u r e s .  

is t o  measure t h e  r a t e  of p r o t e i n  fomation 

On a vo lun ta ry  

The procedures  t o  be done: are as f o l l o w s .  

(1) I ( she /he )  should  n o t  ea t  a n y t h i n g  a f t e r  b r e a k f a s t ,  bu t  may have water 
and con t inue  a l l  impor tan t  med ica t ions .  
I (she /he)  w i l l  b e  asked t o  d r i n k  a milkshake .  

F i r s t  I ( s h e / h e )  am ( i s )  go ing  t o  have several  pancreas  and had s c a n s  t o  
be  done w i t h  a €CAT scanner .  I (s t ie /he)  w i l l  be  i n s t r u c t e d  t o  ho ld  
s t i l l :  my ( h e r l h i s )  eyes  w i l l  b e  covered w i t h  pads,  and I ( she /he )  w i l l  
be asked t o  l i s t e n  t o  music  th rough  a head phone and t r y  t o  s t a y  awake. 

T h i r t y  minutes  b e f o r e  t h e  s t u d y  

( 2 )  

( 3 )  I n j e c t i o n  n e e d l e s  w i l l  be  p l aced  i n  a v e i n  i n  each hand f o r  t h e  
i n j e c t i o n  of t ryp tophan  (a normal component o f  t h e  body)' and f o r  o b t a i n i n g  
s e v e r a l  small  ( 2  ml) blood samples .  
warm d u r i n g  t h e  3 0 l n i n u t e  blood sampling pe r iod .  
t h e  a c t u a l  tes t  a small amount of r a d i o a c t i v e  v a l i n e  w i l l  be  i n j e c t e d .  
Fol lowing t h e  i n j e c t i o n  blood s.amples w i l l  be  t aken  and a series o f  
s c a n s  of my ( h e r / h i s )  panc reas  w i l l  be  nade .  
are completed,  s e v e r a l  head s c a n s  w i l l  be  made. 

My ( h e r / h i s )  hands w i l l  be  k e p t  * A t  t h e  beginning  of 

When t h e  panc reas  s c a n s  

Dura t ion  of t h i s  s tudy:  The e n t i r e  examinat ion  should  t a k e  approxircately 
1-1/2 t o  2 hours .  I ( she /he )  u n d e r s t a n d ( s )  t h a t  I ( s h e / h e )  may have t o  
r e t u r n  f o r  one o r  two more examinat ions  (same procedure  a s  done today)  w i t h i n  
t h e  nex t  few weeks. 

D i s c c n f o r t s ,  inconveniences  and /o r  r i s k s  t h a t  can  be r easonab ly  exDected a r e :  
t h e  s l i g h t  p a i n  from t h e  i n s e r t i o n  of t h e  i n j e c t i o n  n e e d l e s ,  and perhaps  a 
s l i g h t  d i scomfor t  from having  t o  l i e  on t h e  scanning  t a b l e  f o r  ove r  an hour .  
There i s  no chemica l  r i s k  from t h e  i n j e c t i o n  of t h e  v a l i n e  and t h e  r a d i a t i o n  
dose t o  n y  whole body i s  e q u i v a l e n t  t o  t h e  dose  I would r e c e i v e  f o r  an 
o r d i n a r y  pancreas  scan  i n  a l o c a l  h o s p i t a l .  

P o t e n t i a l  b e n e f i t s  of t h e  s tudy:  I unde r s t and  t h a t  t h i s  t e s t  i s  no t  a 
t r e a t m e n t  but  r a t h e r ' a  r e s e a r c h  method t h a t  might l e a d  t o  new i n s i g h t s  i n t o  
c y  d i s e a s e  and perhaps  d i s e a s e s  of t h e  b r a i n .  

Date 
S i g n a t u r e  of Volunteer  

1 0 4 8 8 9 2  
S i g n a t u r e  of Pa ren t  o r  Guardian 

(when z v p l i c a b l e )  .. 



--- 
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- 
P r i n c i p a l  I n v e s t i g a t o r :  

T i t l e  of P r o j e c t :  

- 
Y 

Local  Brain Metabolism in Brain Tumors 

The purpose  of t h i s  s tudy:  i s  t o  measure t h e  r a t e  of p r o t e i n  f o r n a t i o n  
( s y n t h e s i s )  i n  d i f f e r e n t  r e g i o n s  of  t h e  b r a i n  i n  o r d e r  t o  g a i n  a b e t t e r  
Unders tanding  about  t h e  n a t u r e  of t h e  b r a i n  tumors and p o s s i b l y  f i n d  a n  
improved t r ea tmen t  f o r  p a t i e n t s  who have bra in  tumors.  

The procedures  t o  be done: are  as fo l lows .  

(1) I (she /he)  should not eat  any th ing  a f t e r  b r e a k f a s t ,  b u t  may have water 
and con t inue  a l l  impor t an t  med ica t ions .  

(2) F i r s t  I ( s h e / h e )  am (is) going  t o  have s e v e r a l  head scans  t o  be done 
w i t h  an ECAT scanner .  I ( s h e / h e )  w i l l  be i n s t r u c t e d  t o  ho ld  s t i l l .  My 
( h e r / h i s )  eyes  w i l l  b e  covered w i t h  pads ,  and I ( s h e / h e )  w i l l  b e  a sked  
t o  l i s t e n  t o  some m u s i c  th rough a head phone and t r y  t o  s t a y  awake. 

( 3 )  I n j e c t i o n  n e e d l e s  w i l l  be  p l aced  i n  a v e i n  i n  each  hand f o r  t h e  
i n j e c t i o n  of t ryp tophan  (a normal component of t h e  body) and for obtaining 
s e v e r a l  sma l l  ( 2  m l )  blood sixnples. 
warm d u r i n g  t h e  30 l i l i nu te  b lood  sampling p e r i o d .  
t h e  a c t u a l  t e s t  a s m a l l  m o u n t  of r a d i o a c t i v e  v a l i n e  w i l l  be  i n j e c t e d .  
Blood samples w i l l  be t a k e n  and a series of s c a n s  of my ( h e r / h i s )  b ra in  
w i l l  be  made. 

My ( h e r / h i s )  hands w i l l  be k e p t  
A t  t h e  beg inn ing  of  

4 

Dura t ion  of t h i s  s tudy:  
1-1/2 t o  2 hours ,  and I ( she /he )  u n d e r s t a n d ( s 1  t h a t  I ( she /he )  w i l l  have 
a n o t h e r  examinat ion (same procedure  as done today)  a l s o  u s i n g  r a d i o a c t i v e l y  
l a b e l e d  v a l i n e  bu t  i n  a s l i g h t l y  d i f f e r e n t  chemical  form. 

The e n t i r e  examinat ion should  take approx ima te ly  

Di scomfor t s ,  inconveniences  and /o r  r i s k s  t h a t  can be r easonab lv  exoec ted  are:  
t h e  s l i g h t  p a i n  from t h e  i n s e r t i o n  of t h e  i n j e c t i o n  n e e d l e s ,  and pe rhaps  a 
s l i g h t  d i s c o n f o r t  from having  t o  l i e  on t h e  scanning  t a b l e  f o r  ove r  an hour .  
There i s  no chemical  r i s k  from t h e  i n j e c t i o n  of e i t h e r  of t h e  two types  of 
v a l i n e  and t h e  r a d i a t i o n  dose  t o  t h e  whole body i s  e q u i v a l e n t  t o  t h e  dose  one 
would r e c e i v e  f r o m  two o r d i n a r y  b r a i n  scans  i n  a local h o s p i t a l .  

P o t e n t i a l  b e n e f i t s  of t h e  s tudy:  I unders tand  t h a t  t h i s  t e s t  i s  n o t  a 
t r e a t a e n t  bu t  r a t h e r  a r e s e a r c h  method t h a t  might l e a d  t o  new i n s i g h t s  i n t o  
b r a i n  tumor growth f o r  a b e t t e r  unde r s t and ing  of t h e  disease p r o c e s s  and i t s  
t r e s t n e n t .  

Date  
S i g n a t u r e  of  Volunteer  

u' 
E S i g n a t u r e  of P a r e n t  or Guardian 

(when a p p l i c a b l e )  
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r i n c i p a l  I n v e s t i g a t o r :  

T i t l e  of  P r o j e c t :  Loca l  Bra in  lbe tabol i sn  i n  Phenv lke tonur i a  (PKU) 

The DurDOse of t h i s  s tudv :  i s  t o  measure t h e  r a t e  of p r o t e i n  f o r n a t i o n  
( s y n t h e s i s )  i n  d i f f e r e n t  r e g i o n s  o f  t h e  b r a i n  i n  o r d e r  t o  g a i n  a b e t t e r  
unde r s t and ing  abou t  t h e  n a t u r e  of  t h e  b r a i n  damage from PKU and p o s s i b l y  f i n d  
En inproved  treatment f o r  PKU p a t i e n t s .  

The procedures  t o  be done: a re  as follows. 

(1) She/He should not  ea t  a n y t h i n g  a f t e r  b r e a k f a s t ,  b u t  may have  w a t e r  and 
c o n t i n u e  a l l  impor tan t  med ica t ions .  

( 2 )  F i r s t  s h e / h e  i s  go ing  t o  have s e v e r a l  head s c ~ n s  t o  be done with a ECAT 
scanne r .  
covered w i t h  pads ,  and she /he  w i l l  be  asked  t o  l i s t e n  t o  a u s i c  th rough  a 
he id  phone and t r y  t o  s t a y  awake. 

She/He w i l l  b e  i n s t r u c t e d  t o  h o l d  s t i l l  h e r j h i s  eye$ w i l l  be  

( 3 )  I n j e c t i o n  n e e d l e s  will b e  p l aced  i n  a v e i n  i n  each  hand f o r  t h e  
i n j e c t i o n  of 
s e v e r a l  s m a l l  ( 2  m l )  blood s a n p l e s .  
d u r i n g  t h e  3 0 u i n u t e  blood sampling p e r i o d .  
a c t u a l  t e s t  a s m a l l  amount of r a d i o a c t i v e  v a l i n e  w i l l  be i n j e c t e d .  
Fol lowing t h e  i n j e c t i o n  blood samples will be t a k e n  and ser ies  of s c a n s  
of h e r / h i s  b r a i n  w i l l  b e  made. 

t ryp tophan  (a normal component of the  body) and f o r  o b t a i n i n g  
Her / I i i s  hands w i l l  be k e p t  varm 

A t  t h e  beg inn ing  of the 
0 

Durat ion  of t h i s  s tudv :  
t o  2 hours, and I unde r s t and  t h a t  she /he  nay  have t o  r e t u r n  f o r  a n o t h e r  
Exaa ina t ion  (ssme procedure  as  done today)  i n  about  e i g h t  t o  16  weeks.  

The e n t i r e  exzminati ,qn w i l l  take approximate ly  1-1/2 

3 i s c o t f o r t s ,  i nconven iences  a n d / o r  r i s k s  t h e t  can be r e a s o n a b l v  exoec ted  a r e :  

s l i g h t  d i s c o a f o r t  from hav ing  t o  l i e  on t h e  scann ing  t a b l e  for over  an hour .  
There is no chemica l  r i s k  f r o =  t h e  i n j e c t i o n  of t h e  v a l i n e  2nd t h e  r a d i h t i o n  
dose 20 t h e  whole body i s  e q u i v a l e n t  t o  t h e  dose  one would r e c e i v e  from a 
o r d i c s i y  b r a i n  scan  i n  a l o c a l  h o s p i t a l  (200 c i l l i r a d ) .  

C .  L n c  s l i g h t  p a i n  f r o n  t h e  i n s e r t i o n  o f  t h e  i n j e c t i o n  n e e d l e s ,  and pe rhaps  a 

P o t e n t i a l  b e n e f i t s  of t h e  s t u d y :  I unde r s t and  t h a t  t h i s  t e s t  i s  n o t  a 
;reatr .enc but  r a t h e r  a r e s e a r c h  ne thod  t h a t  n i g h t  l e a d  t o  n w  i n s i g h t s  i n t o  
YI\U Z Z G  perhaps  o t h e r  d i s e a s e s  of t h e  b r a i n  f o r  a b e t t e r  unde r s t and ing  of t h e  
~IEE~EE. Trocess  and i t s  t r e a t m e n t .  

-.. 

:,czzE 

S i g n z t u r e  o f  Vo lun tee r  

I 
i 

1048894 

Sigz:aturc of Pzrerrt  o r  Cuzrd ian  
(uhen i g p l i c a b l r )  
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P r i n c i p a l  I n v e s t i g a t o r :  

T i t l e  of P r o j e c t :  

The purpose of t h i s  s tudv:  i s  t o  measure t h e  rate of p r o t e i n  fo rma t ion  
( s y n t h e s i s )  i n  d i f f e r e n t  r e g i o n s  of t h e  b r a i n  i n  o r d e r  t o  g a i n  a b e t t e r  
unders tanding  a b o u t  t h e  n a t u r e  of t h e  b r a i n  damage from HI) and p o s s i b l y  f i n d  
an improved treatment f o r  HD p a t i e n t s .  

Loca l  Brain Metabolism i n  Huntington's Disease  (HD) 

The procedures  t o  be done: a re  a s  fo l lows .  

(1) I ( she /he )  should  n o t  ea t  any th ing  a f te r  b r e a k f a s t ,  bu t  I ( s h e / h e )  may 
have water and may con t inue  a l l  impor tan t  med ica t ions .  

F i r s t  I ( s h e / h e )  a m  ( i s )  go ing  t o  have s e v e r a l  head scans  t o  be done 
wi th  an ECAT scanner .  I ( s h e / h e )  w i l l  be i n s t r u c t e d  t o  ho ld  s t i l l .  My 
( h e r / h i s )  e y e s  w i l l  be covered w i t h  pads ,  and I ( she /he )  w i l l  be asked 
t o  l i s t e n  t o  music  through a head phone and t r y  t o  s t a y  awake. 

( 2 )  

( 3 )  I n j e c t i o n  n e e d l e s  w i l l  be p laced  i n  a v e i n  in each hand f o r  t h e  
i n j e c t i o n  of t ryp tophan  ( a  normal component of t h e  body) and f o r  
o b t a i n i n g  several  small ( 2  m l )  b lood samples. My ( h e r / h i s )  hands w i l l  
be kept  warm d u r i n g  t h e  30-minute blood sampling pe r iod .  A t  t h e  
beginning of t h e  a c t u a l  test  a small amount of r a d i o a c t i v e  v a l i n e  w i l l  
be i n j e c t e d .  
( h e r / h i s )  b r a i n  w i l l  be made. 

Blood samples w i l l  be t aken  and a s e r i e s  of s cans  of my 

. 
Durat ion  of t h i s  s tudy:  
t o  2 hours ,  and I ( s h e j h e )  u n d e r s t a n d ( s )  t h a t  I ( she /he )  may have t o  r e t u r n  
f o r  another  examinat ion  ( sane  procedure a s  done today)  i n  about  e i g h t  t o  16 
weeks. 

The e n t i r e  examinat ion w i l l  t a k e  approximate ly  1-1/2 

Discomforts .  inconveniences  a n d / o r  r i s k s  t h a t  can be r easonab ly  expected a r e :  
t h e  s l i g h t  p a i n  from t h e  i n s e r t i o n  of t h e  i n j e c t i o n  n e e d l e s ,  and perhaps  a 
s l i g h t  d i s c o n f o r t  from hav icg  t o  l i e  on t h e  scanning  t a b l e  f o r  over  an  hour .  
There i s  no chemical  r i s k  from t h e  i n j e c t i o n  of t h e  v a l i n e  and t h e  r a d i a t i o n  
dose t o  t h e  whole body i s  e q u i v a l e n t  t o  t h e  dose ( s h e / h e )  would r e c e i v e  from 
an  o rd inz ry  b r a i n  scan  i n  a l o c a l  h o s p i t a l  (200 m i l l i r a d ) .  

P o t e n t i a l  b e n e f i t s  of t h e  s tudv:  I unders tand  t h a t  t h i s  t e s t  i s  no t  a 
t rea tment  but  r a t h e r  a r e s e z r c h  method tna t  might l e a d  t o  new i n s i g h t s  i n t o  
Runtington's Disease  and perhaps o t h e r  d i s e a s e s  of t h e  b r a i n  f o r  a b e t t e r  
ui iders tanding of t h e  d i s e a s e  p rocess  and i t s  t r ea tmen t .  

Date 
S i g n a t u r e  of Volunteer  

1048895 
S i g n a t u r e  of Pa ren t  o r  Guardian 
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5600 Fishers Lane 
Rockville, MD 20857 

Xedica! and 
Health Sciences 
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Ref: Ih?) 12,967 

Dear Dr. Gyarfas: 

The following information, submitted in triplicate, constitutes an 
amendment to IND 12,967. The proposed amendment involves the resolution of 
llC-DL-tryptophan, the previously approved drug, by high-perf ormance liquid 
chrorriatography and the intravenous administration of an optically active 
form of the approved drug, llC-l-tryptophan, for physiological studies of 
the pancreas and brain. 

Background 
? ' ,  

llC-DL-Tryptophan was shown in animal studies (1) to be potentially 
useful as a pancreas-imaging agent and was subsequently approved for human 
studies. Clinical trials with l1C-DS-trypiophan and a similar agent , llC-DL- 
valine (IXD 1 2 , 4 5 9 ) ,  have shown that both agents concentrate very selectively 
in the 3ancreas ( 2 ) ;  however, differential diagnosis of pancreatic carcinoma 
has not been feasible, apparently because of similarly high uptakes in the 
poncreas and tumor. 

Tamemasa and co-workers (3)  have found that D-amino acids are concen- 
trated selectively by tumor tissue. Therefore, it appears that the uptake 
of llC-DL-tryptophan by pancreatic carcinoma may be due to the presence of 
llC-D-tryptophan in the mixture. T!e anticipate that use of llC-L-tryptophan 
nzy overcome these difficulties and permit detection of pancreatic carcinoma 
BS 2 defect rather than a "hot spot" in pancreas scans. Availzbility of 
llC-L-tryptophan w i l l  also permit studies of L-tryptophan metabolism in the 
brain. 
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Product ion  of 'IC-L-tryptophan 

of 'IC-carboxyl-labeled DL-tryp tophan by high-perf ormance l i q u i d  chroma- 
tography (HPLC) us ing  a c h i r a l  mobile phase. Crude IlC-DL-tryp tophan is 
prepared as p rev ious ly  desc r ibed  (4, IhP, 967) w i th  t h e  except ion  t h a t  
measures are taken  t o  minimize t h e  volume of t h e  r e a c t i o n  mixture:  (1) The 
gas  abso rp t ion  column is n o t  r i n s e d  wi th  water; and (2) 0.3 ml of 12 N NaOB 
(F i she r  S c i e n t i f i c  Co., F a i r  Lawn, N.J.) is  used i n  p l a c e  of 1.0 ml of 
6.25  N NaOH f o r  h y d r o l y s i s  of t h e  hydantoin. 
i n s o l u b i l i t y  of t h e  copper complex wi th  t ryp tophan  and 
of carrier potassium cyanide used in t h e  p roduc t ion  of PIC-DL-tryptophan 
w a s  reduced t o  cO.1 mg, which results i n  t h e  s y n t h e s i s  of a l k - l a b e l e d  
compound having much h i g h e r  s p e c i f i c  activity.  

The HPLC (LC/System Support  Unit I, Labora tory  Data Cont ro l ,  Riviera 
Beach, F'L) is  f i t t e d  wi th  a p r e p a r a t i v e  110 IIPP (i.d.) x 25 cm ( l eng th ) ]  
Spher i sorb  ODs, 5 p column (Laboratory Data Cont ro l ) .  
b r a t e d  k i t h  t h e  mobile phase 10.007 M c u p r i c  a c e t a t e  (F i she r  S c i e n t i f i c  Co.), 
0.015 M L-proline (Sigma Chemical Co., S t .  Louis ,  MO), and 0.03 M sodium 
acetate (J. T. Baker Chemical Co., P h i l l i p s b u r g ,  N . J . )  i n  85% d i s t i l l e d  
water - 15% e thano l .  The f low rate  is  a d j u s t e d  t o  7.2 ml/minute, g iv ing  a 
p r e s s u r e  o f  3200-3300 p s i .  Tine crude llC-DL-tryptophan r e a c t i o n  mixture 
(1.3 d) is combined w i t h  3.2  mg of c u p r i c  acetate and 3.9 mg of L-proline 
i n  100 p1 of d i s t i l l e d  water and 300 p1 of eohanol. This mixture  is ad- 
j u s t e d  t o  pH 5 u s i n g  concent ra ted  HC1 (F i she r  S c i e n t i f i c  Co.), m i c r o f i l t e r e d ,  
and loaded onto  t h e  HPLC column us ing  a 3-ml d i sposab le  s y r i n g e  and a 2 - d  
sample  i n j e c t i o n  loop. 
u s ing  a sh ie lded  gamma probe. 
which i s  t y p i c a l l y  obta ined .  

L-tr>Ttophan (h'ew England Nuclear Corp., Boston, MA) w a s  i d e n t i c a l  t o  t h a t  
of  t h e  14C-L-tryptophan component of t h e  c rude  r e a c t i o n  mixture.  

'lC-L-Tryptophan is produced by s e p a r a t i o n  of t h e  two o p t i c a l  isomers 

In a d d i t i o n ,  because of t h e  
r o l i n e ,  t h e  amount 

The column is e q u i l i -  

4 

The e l u t i o c  of t h e  %-labeled mixture  i s  monitored 
The f i g u r e  below'shows t h e  e l u t i o n  p a t t e r n  

In  t h i s  case', a 14C-labeled DL-tryptophan 
r e a c t i o n  mixture was used. The e l u t i o n  t i m e  f o r  c o m e r c i a l l y  a v a i l a b l e  1 4 ~ -  

I 
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W Final urification by cation-exchange chromatography, as in the pro- 
duction of PIC-DL-tryptophan, effectively removes both copper and L-proline 
2nd gives 11C-L-tryptophan in a radiopharmaceutically pure form. 
adno acid fraction from HPLC is acidified with HC1 and loaded onto a pre- 
vashed 1.0 cm (dia.) x 15 cm (length) AG SOW-X2, 50-100 mesh, cation-exchange 
bed (Bio Rad Laboratories, Rockville Center, N . Y . )  in the hydrogen fonn. 
Cationic llC-L-tryptophan is retained while neutral and anionic materials, 
including the copper complex with L-proline, pass through the colrmm. 
washing with 100 m l  of 1 N HCI and 100 m l  of distilled water, the column is 
eluted with 0.2 N NaOH, the process being monitored using a shielded gamma 
probe to minimize the volume of eluate containing the product (2' 15 ml), 
which is collected i n  a sterile bottle. Final radiopharmaceutical processing 
(neutralization, microfiltration, and Limulus Lysate pyrogen testing) is done 
as detailed in the original I N D  12,967. 

The L- 

After 

. 

Toxicitdr 

As mentioned above, the cation-exchange column quite effectively removes 
the cupric ions and L-proline which are present in the HPLC mobile phase. 
14C-Labeled L-proline was used to determine quantitatively the removal of 
L-proline. 
loaded onto the column, while the product fraction contained 2.3X. (The 
totzl recovery of 101.6% is within experimental error of the theoreticzl 
1OOX.) 

following cation-exchange purification. 
of the total human body weight and a hematocrit of 4 0 ,  there is an average 
of 69.4 mg of L-proline in the blood stream of a normal 70-kg human ( 5 ) .  
Therefore, the quantity of L-proline whic$,we propose to administer would 
increase the blood L-proline level by only 1 . 2 X .  

The 1 N H C l  wash contained 99.3% of the total carbon-14 counts 

Assuming 20 m l  of HPLC eluate, 35 mg of L-proline would be present 

Assuming that blood comprises 7% 
W if none was removed. However, only 2.3% of this amount, or 0.8 mg, remains 

Likewise human blood contains 98 (72-124) pg of copper per 100 ml (6). 
Assuaing again that blood comprises 7% of the total human body weight, there 
is an average of 4.8 rng of copper in the blood stream of a normal 70-kg 
hu3an. Analysis (Galbraith Laboratories, Inc., Knoxville, TN) of a typical 
product solution which had undergone final purification by cation exchange 
chrolatography showed 0.9 ng Cu/liter. Therefore, the typical 15-ml product 
would contain 13.5 pg of copper, and administration of this quantity would 
increase the normal level of copper in the blood by only 0.3%. 

-' 1 

Chemiczl toxicity from unlabeled L-tryptophan will also  be negligible. 
L-Tryptophan, of course, is one of the essential, naturally occurring amino 
acids, and, as such, it is present to the extent of 0.274 (0.269-0.289) mg 
per 100 ml of normal human blood (5). -4ssuming that blood comprises 7% of 
total human body weight, there is 13.4 mg of L-tryptophan in the blood 
strean of a normal 70-kg human. We propose to administer no more than 
0.2 ng of L-tryptophan per 70 kg subject, and, therefore, we will be in- 
creasing the blood level of L-tryptophan by no more than 1.5X. 
=s_nt has been approved by the OR4U/OFSX Connittee on Human Studies. 

This anend- 
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Radia t ion  Dosimetry u 
Because of t h e  s h o r t  h a l f - l i f e  of carbon-11 ( 2 0 . 4  minutes), t h e  r a d i a t i o n  

dose t o  p a t i e n t s  from %-DL-tryptophan w i l l  be minimal. 
been es t imated  by t h e  ORAU Radiopharmaceutical I n t e r n a l  Dosimetry Informat ion  
Center t h a t  t h e  complete decay of 1 m C i  of 11C-L-tryptophan uni formly  d i s t r i -  
buted i n  a 70 kg human, assuming no e x c r e t i o n ,  would produce a whole body 
r a d i a t i o n  dose of 0.01 r a d s  o r  a t o t a l  of 0 . 2 0  r a d s  p e r  20 m C i  ( t h e  maxFmum 
proposed adminis te red  dose  of 'lC-L-tryptophan. 
expected r a d i a t i o n  dose  t o  v a r i o u s  organs  in the human es t ima ted  from animal 
data.  
n u c l i d e  Committee. 

As a guide i t  has  

The t a b l e  below g i v e s  the 

Use of llC-L-tryptophan was approved by the M&HSD, ORAU Medical Radio- 

* 
Estimated Radia t ion .Dose  from 'IC-L-Tryptophah t o  Organs in Man 

Tissue Radia t ion  Dose (rads/mCi) 

T o t a l  body 0.011 

Spleen 0.020 

Pancreas 0.25 
Liver 0.035 

Hi6ney 0 . 0 2 3  
Bone marrow 0.017 
Lung 0.017 
Small i n t e s t i n e  0 . 0 4 2  

w wary 0.019 
Testis 0.010 

* Based on 30-minute tissse d i s t r i b u t i o n  i n  male and female r a t s  
fo l lowing  in t r avenous  a d m i n i s t r a t i o n  of L-tryptophan [ s i d e  chain- 

change i n  d i s t r i b u t i o n .  
3-I4C] (0.01 mg/kg) assuming Yumediate uptake and no f u r t h e r  

C l i n i c a l  S t u d i e s  

In  t h i s  amendment w e  r eques t  permiss ion  by FDA t o  use t h e  d i a g n o s t i c  r ad io -  
pharzlaceutical  
d i seases :  tumors of d i f f e r e n t  t ypes ,  p a n c r e a t i c  d i s e z s e s  and n e u r o l o g i c a l  
d i s e a s e .  

llC-L-tryptophan i n  p a t i e n t s  w i t h  d i f f e r e n t  proven o r  suspec ted  

P a t i e n t  s e l e c t i o n  cr i ter ia  f o r  p a t i e n t s  w i th  p a n c r e a t i c  d i s e a s e s .  During 
t h e  f i r s t  year  1 0  p a t i e n t s  wi th  suspec ted  cancer of t h e  pancreas  w i l l  b e  s t u d i e d  
wi th  L-tryptophan-l-lk.  
pancreas scan  wi th  t h i s  amino a c i d  and i n  a d d i t i o n  w i l l  be scanned u s i n g  t h e  
t m o r  scanning a g e n t s  11C-ACBC and llC-ACPC ( I K D  Xos. 13,867 and 11,848, 
r e s p e c r i v e l y )  t o  de te rmine  whether L-tryptophan-l-11C i n  c o n j m c t i o n  w i t h  'IC- 
ACPC or llC-ACBC i s  of v a l u e  i n  t h e  d i f f e r e n t i a l  d i agnos i s  of p a n c r e a t i c  
d i sease .  
weight loss, s t e a t o r r h e a ,  j aundice ,  and e x i s t i n g  m e t a s t a t i c  disease w i t h  sus- 
pected primary carcinoma of t h e  pancreas .  
by t h e  Oak RidgelKnoxville medica1 community and P a n d e r b i l t  X n i v e r s i t y ,  
Xashv i l l e ,  Th. 

Each p a t i e n t  is scheduled t o  have a tomographic 

Criteria for s u s p i c i o n  of n e o p l a s t i c  p a n c r e a t i c  d i s e a s e  are p a i n ,  

P a t i e n t s  are expected t o  be  r e f e r r e d  W' 
1 
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In a d d i t i o n  t o  the p a t i e n t s  w i th  suspec ted  p a n c r e a t i c  cancer, 10 p a t i e n t s  w 

with proven pancreas  tumors undergoing chemotherapy and/or r a d i a t i o n  therapy  
1.511 be s tud ied  t h r e e  times: 
t r ea tmen t  . befo re ,  dur ing  and a f t e r  t h e  f i r s t  course  of 

Some of t h e  p a t i e n t s  will be asked t o  vo lun tee r  f o r  a b r a i n  scan a f t e r  
completion of t h e  L-tryptophan-l-llC pancreas scan f o r  t h e  purpose of 
c o l l e c t i n g  informat ion  on t h e  normal f n t r a c e r e b r a l  d i s t r i b u t i o n  of this amino 
a c i d  which might also be u s e f u l  in s tudy ing  n e o p l a s t i c  and non-neoplas t ic  
b r a i n  d i seases .  

Pro tocol /procedures  f o r  p a t i e n t s ' w i t h  p a n c r e a t i c  d i s e a s e s .  

1. P a t i e n t s  w i l l  be  i n s t r u c t e d  t o  have no th ing  by mouth after b r e a k f a s t  
except  water, and will be  encouraged t o  d r i n k  one milkshake 30 minutes  b e f o r e  
the L-tryptophan-l-11C dose  for t h e  pancreas scan. 

2.  A series of t r ansmiss ion  ECAT scans  of t h e  abdomen (and head) w i l l  
be  done p r i o r  t o  t h e  i n j e c t i o n  of t h e  dose. 
q u i e t  but t o  s t a y  awake. 

The p a t i e n t  w i l l  be asked t o  be 

3. I n t r a c a t h e t e r s  wLll be p laced  i n t o  a v e i n  i n  each hznd and one hand 
wil l  be kep t  i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  water b a t h  (44OC) d u r i n g  t h e  
t r ansmiss ion  scans  and f o r  an a d d i t i o n a l  30 minutes a f t e r  i n j e c t i o n  of t h e  

A dose of  20 m C i  of L-tryptophza-l-llC i n  a volume of 10 t o  20 m l  
p h y s i o l o g i c a l  s a l i n e  w i l l  b e  i n j e c t e d  by slow push (30 t o  60 seconds) i n t o  
one hand. 

ZSJ dose. 

4. 

e * .  

5 .  
w i l l  be d r a m  a t  I, 5 ,  10, 20 and 30 minutks f o r  r ad ioassay .  The last sample 
will a l s o  be used t o  de te rmine  t h e  a b s o l u t e  L- t ryptophm c o n c e n t r a t i o n  i n  
plaszia by HPLC. 

Blood samples  from t h e  hand oppos i t e  t o  t h a t  i n j e c t e d  (2 ml hepar in ized)  

6. ECAT scanning of t h e  abdomen (pzncreas) w i l l  be  s t a r t e d  one rsinute 
a f t e r  i n j e c t i o n  and c a r r i e d  o u t  f o r  30 minutes. T h e r e a f t e r ,  tomographic scaas 
of t h e  head (b ra in )  w i l l  be made over another  p e r i o d  of 20 t o  30 minutes.  

7 .  The e n t i r e  procedure should n o t  exceed 2 hours.  Sone of t h e  p a t i e n t s  
w i l l  be asked t o  be examined 3 t i m e s  du r ing  t h e  cour se  of t h e i r  d i s e a s e .  

8. General c o n s i d e r a t i o n s  f o r  human s u b j e c t s  p a r t i c i p a t i n g  i n  t h i s  
study: 
Only p z c i e n t s  capable  of g iv ing  informed consent will be accepted  for 
p a r t i c i p a t i o n .  

Pregnant woinen and p a t i e n t s  under 18 years of age will n o t  b e  inc luded .  
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I/ After  i n i t i a l  d i scuss ion  wi th  t h e i r  primary physician,  t h e  pa t i encs  will 
be informed about t h e  procedures and tests about 1 t o  2 hours  p r i o r  t o  the 
examination. 
ORAU/ORNL Committee on H u m  Studies .  Consent k i l l  u s u a l l y  be obtained by 
a physician involved i n  t h e  p r o j e c t .  The purpose of t h e  procedure,  the 
chemical a spec t s  wi th  regard t o  t h e  amino ac ids  and t h e  r a d i o l o g i c a l  aspec ts  
with regard t o  t h e  %-label of t h e  radiopharmaceuticals as w e l l  as the 
scanning procedure will always be discussed with t h e  p a t i e n t .  
vi11 usua l ly  t ake  p l ace  i n  t h e  presence of a nurse, and t h e  p a t i e n t  w i l l  be 
encouraged t o  ask ques t ions  and reminded that she/he can withdraw from t h e  
s tudy  a t  any t i m e .  
record.  

The consent forms (see  Attachment A) have been approved by t h e  

The d iscuss ion  

The signed consent  forms are t o  be k e p t  i n  the p a t i e n t ' s .  

There are no phys ica l  r i s k s  o t h e r  than t h e  r a d i a t i o n  dose; there are no 
psychological,  s o c i a l  o r  legal risks. 
t h e  i n  v i v o  metabol ic  s t u d i e s  proposed i n  this amendment. 

doses approved by FDA (llC-DL-valine, 11C-ACPC and 'lC-ACBC) f o r  a 70 kg 
person. 

There are no alternative methods for 

The a c t i v i t y  level w i l l  be kept  at 20 m C i  which is less than  50% of the 

P o t e n t i a l  b e n e f i t s  inc lude  information on t h e  e x t e n t  of t h e  d i sease?  poss ib l e  
use fu l  metabolic information on tumor growrh for t he rapeu t i c  dec i s ions ,  and 
va luable  d a t a  on p r o t e i n  syn thes i s  i n  normal bra in .  
p o t e n t i a l  b e n e f i t s  is mininal. 

The r i s k  as r e l a t e d  t o  the 

w 

J 
neuro logica l  d i seases  and fo r  p a t i e n t s  wi th  b r a i n  tumors. 

Non-malignant neuro logica l  d i seases  20 be  s tudied  under t h e  amended IhQ 
are: phenylketonuria,  and poss ib ly  Huntington's disease.  The p r i n c i p l e  
r a t i o n a l e  i s  t o  s tudy  the  metabolic a c t i v i t y  of t h e  b r a i n  o r  s p e c i f i c  s t r u c t -  
u re s  of t he  b r a i n  i n  such p a t i e n t s  by measuring p r o t e i n  s y n t h e s i s  us ing  L- 
Cryptophan-l-llC as a precursor .  

Phenylketonuria (PKU), a metabol ic  d i sease  i n  which abnormally h igh  blood 
l e v e l s  of phenylalanine i n t e r f e r e  wi th  uptake and u t i l i z a t i o n  of o t h e r  amino 
ac ids  by t h e  b ra in ,  e s p e c i a l l y  t h e  developing b r a i n ,  can s e r v e  as a unique 
n o d e l  f o r  a number of  hunan diseases i n  r h i c h  p r o t e i n  metabolism of t he  b ra in  
is disturbed.  This  observat ion and r a t i o n z l i z a t i o n  forms t h e  b a s i s  for us ing  
p a t i e n t s  with PKU i n  this  s tudy.  The p a t i e n t  will be s e l e c t e d  by Dr. Richard 
J .  Allen,  Professor  of P e d i a t r i c s  and Director  of P e d i a t r i c  Xeurology a t  The 
Universi ty  of Michigan. 
a t  t h e  t i n e  of  study. 

The p a t i e n t s  w i l l  be over 18 y e a r s  of age and untreated 

Buntinyton's Disease (HD) is an autosomal dominant d i so rde r  assoc ia ted  

The underlying metabol ic  de fec t  i s  poorly understood and t h e r e  is 
with  progress ive  dementia and involuntary  mvements,  u s u a l l y  beginning i n  
r d d l i f e .  
no p red ic t ive  t e s t  t h a t  could i d e n t i f y  a s p p t o n a t i c  gene carriers. This 
d i sease  i n  which abnormal i t ies  of ce reb rz i  glucose metabolism have been - t  
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demonstrated may also have an abnormal p r o t e i n  synthes is  ( e spec ia l ly  in t h e  
caudate nucleus) that  most l i k e l y  an teda te  t h e  onset  of symptoms. Pos i t ron  
emission c o q u t e r i z e d  tomographic scans us ing  L- t ryptophm-l - lk  i n  p a t i e n t s  
with es t ab l i shed  KD and p a t i e n t s  a t  r i s k  appear t o  o f f e r  t h e  opportunity t o  
gz in  a b e t t e r  understanding of  t h i s  d i sease  and i n s p i r e  
carriers of HD may be  de tec t ab le .  
by Dr. Anne B. Young, A s s i s t a n t  Professor  a t  t h e  Department of Neurology a t  
The Universi ty  of Michigan. 

t h e  hope t h a t  
The p a t i e n t s  t o  be s tud ied  w i l l  be  se l ec t ed  

Brain tumors, notably  malignant gliomas seem t o  ex-press a preference  f o r  
some essential amino a c i d s  as has  been demonstrated by i n  v i t r o  analysis, and. - _ _ ~  
d i e t a r y  e l imina t ion  of t hese  p r e f e r e n t i a l l y  u t i l i z e d  amino a c i d s  has  shown a ' 

favorable  e f f e c t  on the survlval of p a t i e n t s  with malignant gliomas. 
s t u d i e s  (done under the e x i s t i n g  IND) have confirmed high uptake of DL-valine- 
1-% and DL-tryptophan-l-llC i n  s e v e r a l  glioma pa t i en t s .  

PETT 

To use t h e  n a t u r a l  L-form of v a l i n e  and tryptophan as scanning agents  
would be highly d e s i r a b l e  f o r  t h e  obvious reason t h a t  t he  n a t u r a l  form would 
more c lose ly  r e f l e c t  amino a c i d  u t i l i z a t i o n  and p r o t e i n  s y n t h e s i s  of neop las t i c  
l e s i o n s  i n  t h e  bra in .  For this study patients with b ra in  tumors or s t rong ly  
suspected b r a i n  tumors w i l l  b e  s e l e c t e d  and r e f e r r e d  by Dr. J. Purvis ,  neuro- 
surgeon (Knoxville), Dr .  J. Robertson, neurosurgeon a t  UT Memphis, and 
D r .  nl. S. Mahaley, The Univers i ty  of Korth Carolina.  

Protocols/Procedures f o r  p a t i e n t s  with non-cal iviant  neuro logica l  d i seases  
2nd p a t i e n t s  w i t h  b r a i n  tumors. d 

Phenylketonuria. Only 4 p a t i e n t s  G;ith PKU may be s tud ied  under th i s  Ih?) 
at Oak Ridge during the f i r s t  year .  
thzn 18 years ,  will be  examined a t  least mice, once while  on an uncontrol led 
d i e t  and again while  on a con t ro l l ed  d i e t ,  i .e . ,  a d i e t  low i n  phenylalanine 
and supplemented wi th  i so l euc ine .  

I f  funds permit,  t hese  p a t i e n t s ,  a l l  older 

1. The p a t i e n t s  will be kept  f z s t i n g  a f t e r  a l i g h t  b r e a k f a s t  (according 
t o  t h e i r  previously d e t e m i n e d  d i e t ) ,  i f  t h e  L-tryptophan-l-llc i n j e c t i o n  i s  
to be given a t  around noon. Water ~ 6 1 1  be allowed ad l ibi tum. 

2. Approximately 30 minutes p r i o r  t o  t h e  i n j e c t i o n  of t h e  dose, 4 trans- 
c i s s i o n  scans f o r  a t t e n u a t i o n  c o r r e c t i o n  purposes are t o  be performed. 

3.  Pads w i l l  be placed over both eyes and a s te thoscope headset  (with 
sound cont ro l )  will be put  i n t o  t h e  e a r s .  

4 .  T'ne sub jec t  w i l l  be i n s t r u c t e d  t o  r ena in  q u i e t  and n o t  t o  move f o r  
t h e  r e s t  of t h e  examination, but t o  s t a y  awake. 

5. A n  i n t r a c a t h e t e r  w i l l  be i n s e r t e d  i n  a ve in  of each hand. One hand 
xi11 b e  kept  i n  a 44OC water ba th  p r i o r  t o  i n j e c t i o n  and f o r  about 30 
a z d i t i o n a l  d n u t e s .  One 2 d blood s m p l e  h i l l  be taken f o r  p l a s m  phenyl- 

-' z l m i n e  determination. i 
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6 .  At' t he  completion of t h e  transmission scans a dose of 20 mCi of L- 
t ryptophan-l- lk  w i l l  be in j ec t ed  by i . v .  push i n t o  one hand. 
are t o  be taken from the c a t h e t e r  of t he  o ther  hand a t  1, 5 ,  10, 20 and 25 
minutes f o r  radioassay and at 30 minutes f o r  phenylalanine and v a l i n e  
de te rn ina t ion  i n  the  plasma. 

Blood samples 

7. 
scans each with 18 zzm thickness  s t a r t i n g  7.5 cm above t o  t h e  O.M. line will 
be s t a r t ed .  

Thir ty  minutes a f t e r  t h e  L-tryptophan-l-llC in j ec t ion ,  four PETT 

Y 

I 

W 
I 

6 

8 .  Four more scans may be obtained if remaining a c t i v i t y  permits.  The 
e n t i r e  scanning procedure should n o t  exceed 90 t o  120 minutes ( including 
transmission scans).  

9 .  General considerat ions f o r  human sub jec t s  included i n  th i s  study: 
Informed consent i s  t o  be obtained from the  p a t i e n t ' s  paren ts  o r  l e g a l  
guardians. There are no known risks from chenical  t o x l c i t y  of L-tryptophan 
and the  ove rz l l  r i s k  continues t o  be l imi ted  t o  an acceptably small r ad iz t ion  
dose. At t h e  age of 18 o r  above, a PKU p z t i e n t  i s  not  a t  a disadvantage when 
taken of f  a cont ro l led  d i e t  f o r  a shor t  period of t i m e  as suggested i n  t h i s  
study. 

Huntington's Disease, In a preliminary study, .the rate of p ro te in  syn- 
t h e s i s  i n  r h e  bra in  and e s p e c i a l l y  i n  t h e  basa l  gangl ia  w i l l  be s tud ied  i n  
4 p a t i e n t s  with HD during the f i r s t  year  f o l l o s i n g  approval of t h i s  amendment. 
The scanning and blood sampling pro tocol  i s  'as fo l lows:  

1. The p a t i e n t s  will be asked t o  remain f a s t i n g  (except f o r  water) a f t e r  

Approximately 30 minutes p r i o r  t o  t h e  i n j e c t i o n  of L-tryptophan-l-llC 

breakfas t .  All e s s e n t i a l  medications will ,  * .  be continued. 

2. 
a series of tomographic t ransmission scans 'wil l  be made t o  obta in  da t a  f o r  
a t tenuat ion  cor rec t ion  of t he  f i n a l  images. 

3. The eyes of the  s u b j e c t s  w i l l  be covered and a stethoscope headset 
The p a t i e n t  w i l l  be in s t ruc t ed  t o  remain qu ie t  w i l l  be placed i n  t h e  ears .  

but awzke and not  t o  move h i s / h e r  head i f  a t  a l l  possible .  

4 .  h i n t r aca the te r  w i l l  be placed i n t o  a vein of each hand f o r  i n j e c t i o n  
of t he  radiopharmaceutical i n  one hand and blood samples from the  o ther  hand 
which w i l l  be kept i n  a "water bath" (40OC) t o  a r t e r i a l i z e  t h e  venous blood. 
Ssmples trill be taken seve ra l  times during t h e  f i r s t  30 minutes pos t in j ec t ion  
( for  radioassay) and a t  t i m e  0 and a t  the end of t he  30-minute period f o r  
de te rn ina t ion  of plzsna L-tryptophan concentration by HPLC. 

5. Following rhe t ransmission scans the  p a t i e n t  w i l l  remain on t h e  
scznning tab le .  A dose of 20 m C i  of L-tryptophan-l-I1C w i l l  be in j ec t ed  by 
i . v .  push, 2nd t i ne -ac t iv i ty  d a t a  (counts p e r  10 seconds) will be co l lec ted  
for plane 1 using the  ECAT 2s a count r 2 t e  meter. 

1 0 4 8 9 0 3  
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6. Blood samples (2 ml each) are t o  be  drawn a t  time 0, 1, 5 ,  10, 20, W 

25 and 30 minutes a f t e r  i n j e c t i o n  of t h e  dose. 

7. Posi t ron emission computerized tomographic sczns of the  head w i l l  
be s t a r t e d  30 minutes a f t e r  the  dose. 
t h i ck  w i l l  be obtained, s t a r t i n g  with "plane 1" approximately 7.5 cm above 
the OM line with subsequent slices i n  a caudad d i rec t ion .  

head, the s a m e  four planes of t h e  head will  be scanned a second time. The 
procedure should not  exceed 90 t o  120 minutes, and the  s tudy may be repeated - 0  

at some l a te r  t i m e  t o  e s t a b l i s h  "longitudinal" information on pro te in  syn- 
t h e s i s  i n  hypertonia. 

Four consecutive "slices", each 18 m 

8. Depending on remaining a c t i v i t y  and the count rate from t h e  brain/ 

9 .  General considerat ions f o r  human s u b j e c t s  se lec ted  f o r  t h i s  research 
Informed consent w i l l  be obtained from the  p a t i e n t ' s  paren ts  or  l e g a l  
The r i s k  from the  r ad ia t ion  assoc ia ted  with t h e  procedure w i l l  be 

pro jec t :  
guardians. 
explained and discussed. 
subjec ts  who have nc s igns  of the  d isease  but could conceivably be found t o  be 
a c a r r i e r  of HD. 
genet ic  advice should, however, outweight t h i s  risk. 

There nay be 2 psychological risk,  espec ia l ly  f o r  

The r e s u l t s  of psychological counseling i n  conjunction with 

Brain Tumors. During the  f i r s t  year 5 p a t i e n t s  with brain tumors w i l l  
be se lec ted  f o r  t h i s  t e s t  p r i o r  t o  s u r g i c a l  renoval of t h e  t m r  (surgery 
vi11 not  be delayed because of the  ECAT s tud ie s ) .  

1. 

2. 

The pat ienzs  will be N.P.O. a f t e r  a l i g h t  breakfast .  

Tomographic transmission scans ~$11 be made s t a r t i n g  about 30 minutes 
before dose appl ica t ion .  

3 .  Subject dll remain on the scannilng t a b l e ,  eyes wlll be  covered and 
a stethoscope type headphone music s y s t e m  w i t h  volune con t ro l  w i l l  be put i n  
rSe ears. The p a t i e n t s  trill be in s t ruc t ed  t o  r e m i n  quie t  but t o  s t a y  2rake. 

4 .  In t r aca the te r s  a r e  t o  be placed, one i n  each hand for  the  same 
p r p o s e  as f o r  t h e  p a t i e n t s  kith non-malignant neurological  diseases. 

5. A dose of 20 m C i  of L-tryptophan-l-"C w i l l  be in j ec t ed  by i.v. 
push. when transmission scans are completed. 

6. Blood sanples  ( 2  m l  each) w i l l  be drarn a t  1, 5, 10, 20, 25 and 30 
3 ; l u t e s  f o r  radioassays and p l a s m  va l ine  de te rz ina t ion .  
30 C n u t e s  a t ime-zct ivi ty  curve - using the  ECAT as a count r a t e  meter - 
>.-ill be obtained f o r  one "s l ice" .  

During the  f i r s t  

7. PETT scans of t he  hezd w i l l  be s t a r t e d  30 n inutes  a f t e r  i n j ec t ion  of - e- 
- 1 . 2  d o s e .  Four s l i c e s ,  each 18 tin thick.  w i l l  be sctnned; s l i c e  l e v e l  vill 

W .  <e?end on loca t ion  of the tumor. Scans w i l l  be repeated i f  enough acc iv i ty  
is l e f t  a f t e r  the f i r s t  4 scans.  
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8. General cons idera t ions  f o r  human sub jec t s  selected € o r  t h i s  study: '*c/ 

Informed consent t o  be obtained frorn t h e  p a t i e n t s  w i l l  be based on d is -  
cussion of t h i s  pro tocol  and t h e  po in t s  mentioned i n  t h e  at tached consent 
for3 and n a t e r i a l .  Each p a t i e n t  w i l l  be scanned a l s o  with L-va l ine- l - lk  
o r  DL-tryptophan-l-llC on t h e  same day. 

W e  are n o t  aware of any chemical t o x i c i t y  from e i t h e r  the DL- o r  L-form 
of tryptophan i n  t h e  amounts t o  be used in t h i s  proposed study. 
r a d i a t i o n  exposure involved i n  the d iagnos t i c  procedure w i l l  be discussed and 
explained. 

The risk from 

The data ana lys i s ,  i n  add i t ion  t o  image i n t e r p r e t a t i o n ,  w i l l  inc lude  a 
c a l c u l a t i o n  of t h e  rate of p r o t e i n  syn thes i s  of s p e c i f i c  reg ions  of  interest 
i n  t h e  brain.  Calcu la t ions  trill be based on an equat ion derived by Sokoloff 
e t  al .  
t o  c a l c u l a t e  t h e  ra te  of p r o t e i n  syn thes i s  can be obtained using the  EC4T/L- 
tryptophan-l-llC or L-valine-l-% approach. 
t he  i n t e g r a l  va lue  f o r  blood amino ac id  r a d i o a c t i v i t y  from time 0 - 30 minutes, 
blood m i n o  ac id  l e v e l  a t  tizle 0 and a t  30 minuies, and the b ra in  r ad ioac t ive  
u?take a t  30 minutes 2s based on the  scan data. 

The pro tocols  ou t l i ned  above i n d i c a t e  t h a t  a l l  t h e  information required 

The necessary input data are: 

As mentioned above, a l l  of t h e  pro tocols  have been approved by our 
Institutional Review Board and the  OR4U Piedical Radionuclide C o s o i t t e e .  

&/ Pleese consider each of t h e  app l i ca t ions  and pro tocols  f o r  approval as 
an amendment f o r  Lh'D 12,967. 
h e s i t a t e  t o  contac t  me .  

If you need a d d i t i o n a l  information,  do not  
e .  

S i n c s r e  ly , 
ORiG;I<,?!C S!G?;ED EY: 
c,  cz: L~=,H~XUGH, M. D. 

C. C. Lushbaugh, X.D., Chzirrian 
Xedical 2nd Heal th  Sciences Divis ion 

CCL : b5c 
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MEDICAL MDI ON UC LL DE COhPlITTEE 
Medica l  and  Health S c i e n c e s  D i v i s i o n  

Oak Ridge A s s o c i a t e d  U n i v e r s i t i e s  
Amendment t o  e x i s t i n g  I N D  1 2 , 9 6 7 :  

sin u s i n g  -L - -  L r r  ana  sr 
PEFsOx SbB?fITTING pR()pOS& PhYsiological Of the Pancreas PROPOSAJ, NO. 19b 

I Y P LO pnan 
DESCRIPTION : 
The proposed amendment t o  I N D  12 ,967  i n v o l v e s  t h e  r e s o l u t i o n  of llC-DL-tryptophan, a 
p r e v i o u s l y  approved d r u g ,  by high-  e r formance  l i q u i d  chromatography and t h e  i n t r a v e n o u s  
a d n i n i s t r a t i o n  o f  up  t o  20 m C i  o f  Y1C-L-tryptophan. a n  o p t i c a l l y  ac t ive  form of t h e  
approved d r u g ,  f o r  p h y s i o l o g i c a l  s t u d i e s  o f  t h e  
r a d i a t i o n  d o s i n e t r y  d a t a  f o r  t h e  proposed a g e n t  

5 The Committee approves  w i t h  t h e  f o l l o w i n g  

R a d i o p h a r m a c e u t i c a l  may- may n o t  X b e  
18 y e a r s  of age .  

Radiopharmaceut ica l  may- may n o t  b e  

p a n c r e a s  and 
i s  a t t a c h e d .  

l i m i t a t i o n s  : 

admini  s te r e d  

adminis  t e  re d 

Other:  

fl The Committee d i s a p p r o v e s  f o r  t h e  f o l l o w i n g  r e z s o n s :  - 

APP RO VAL D I  SAP P RO VAL 

- I '  

b r a i n .  A copy of  

t o  p a t i e n t s  u n d e r  

t h e  

ABSENT 

t o  p r e g n a n t  p a t i e n t s .  

DATE 

Acknowledgement of s u b i n i t t e r  \--.Q)-& 7 -'- - . %-C I Date  - ,  
\ i  1 

Fro?osa l  d o e s  does not require  a p p r o v a l  of C o m i i t t e e  on Humn S t u d i e s .  f 

F!unan S t u d i e s  a p p r o v a l  g r a n t e d  on 



MEDICAL PADIONUCLIDE CO?fMITTEE 
Medica l  D i v i s i o n  

Oak Ridge A s s o c i a t e d  U n i v e r s i t i e s  . 

PERSON SUEMITTING PROPOSAL C,. A .  Ardrfws PROPOSAL 1?0?5-1 

DESCRIPTION: 
1251-sodium iodine a s  liquid o r  in capsules for thyroid scanning. Activities 
ranging from 5 to 100 microcuries will normally be administered; however, 
for localizing-extrathyroidal metastases, up to 1 millicurie may be adminis- 

Major radiopharmaceutical manufacturers have NDA 's approved FDA 
-sodium iodide. An FDA sample package insert is attached. for t"%% 

The Committee a p p r o v e s  w i t h  t h e  f o l l o w i n g  l i n i t a t i o n s :  

R a d i o p h a r m a c e u t i c a l  m a y A m & -  b e  a d m i n i s t e r e d  t o  p a t i e n t s  u n d e r  
18 y e a r s  of age .  

R a d i o p h a r m a c e u t i c a l  % may n o t d b e  a d m i n i s t e r e d  t o  p r e g n a n t  -pafient ; 

Other :  

Radiopharmaceutical to be administered in acc;ordance with package insert supplied 
with the radiopharmaceutical. Physicians may not administer more than twice 
the normally recommended activity without specific approval of the Medical Radio- 
nuclide Committee. 

The Committee d i s a p p r o v e s  f o r  the f o l l o w i n g  r e a s o n s :  u 

KEPBER APPROVAL DISAPPROVAL ABSENT DATE 

w - f l  &-A l4 4 
L'/ /"\ 

Acknowledgement of Submit  t e r Date 

Proposal.  does - d o e s  n o t  require a p p r o v a l  of  Cornittee on Eusan S t u d i e s .  
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Idea l ly ,  exarnjnrrti:)ns t i s i n 9  ~.,;diopllii1-in~c~ul:ical!;,  cspccially those elect ive 

i n  n a t u r e ,  o f  a \,oman of  childboaring capabil.ity should be performed d u r i n g  

. I  
t h e  f i r s t  few (approximately 10) days -following t.he onset o f  menses. 

Radiopharmaccuticals shottlcl be used only by physicians who arc  qualified'  

by spec i f ic  t ra jning i n  t l ic !  s a f e  use a n d  handlinc_l o f  radionuclides prodiiced 

by nucl ear reactor 01- part i  cl e acccl c ra tor  anti whose experi cnce and tri1-i rii ng 

have been approved Iiy the a p p r o p r i a t e  govci-nwnt agency authorized to  1 icense 

the use o f  rariiontrcl ides.  

- PRECAUTIONS 

AS i n  t h ?  use oll c n y  other radioactive n;a.tcrial, care sho2ld be taken 

workers . 

var ious  d.iagnoctic pr'acecliirr,s f p r  Ittyi-oi(! funct. i i~ri  i s  10 t o  100 microcuries. 

. f 0 4 8 $ 1 0  
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The 'pat ient  dose stlotlld be rr,casui-tc! Iiy a su i ta l j lc  radios.ct.ivity c a l i b r a t i o n  

systeiil irn!iizdiately p r i o r  t o  adminis t ra t ion.  

PtiY STCAL CIIARACTER I S T I  TS ' t  

----__-_-_-.-- - 1 
1 I !  

? I  
Jodidc-125 decays br c l c c t i v n  capture  v!i tti a physical ha1 f-1 i f e  of  6C days'. 
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APPLICATION FOR INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

1. 

2. 

r 
3. 

Medical and Heal th  Sc iences  Div i s ion ,  Oak Ridge Assoc ia t ed  

Universities, Oak Ridge, Tennessee 

August 19,  1975 

NAME OF DRUG: 
This drug,  d i s so lved  i n  s a l i n e  s o l u t i o n ,  w i l l  b e  admin i s t e red  in t ra -  
venously.  

CARBOXYL-LABELED llC-l-AMINOCYCLOPENTANECARBOXIC ACID. 

COMPONENTS : 

a. Carboxyl-labeled 'IC-1-aminocyclopeqtanecarboxylic a c i d  ( 11 C-ACPC) . 
b. 1-Aminocyclopentanecarboxylic a c i d  (ACPC) . 
c. Sodium ch lo r ide .  

d .  Water. 

QUANTITATIVE COMPOSITION: 
1-aminocyclopentanecarboxylic a c i d  is  r a d i o a c t i v e  (T+ = 20.4 min),  we 
cannot  s ta te  an exact r e l a t i o n s h i p  between t h e  components of t h i s  
p repa ra t ion .  From r a d i a t i o n  dosimetry c o n s i d e r a t i o n s ,  however, we have 
determined t h a t  t h e  maximum l l C  a c t i v i t y  admin i s t e red  w i l l  n o t  exceed 
0.357 m C i  p e r  ki logram of body weight  ( a  25 m C i  dose  f o r  a 70 kg s u b j e c t ) .  
The a c t u a l  amount of s t a b l e  ACPC t h a t  w i l l  b e  adminis te red  w i l l  b e  
determined by t h e  amount of l l C  used i n  l a b e l i n g  ACPC and a l s o  the t ime 
t h a t  e l a p s e s  from t h e  time of llC-ACPC p r e p a r a t i o n  t o  t h e  time of i t s  
admin i s t r a t ion .  The composi t ion s t a t e d  below, t h e r e f o r e ,  r e p r e s e n t s  
t h e  dosage limits that w i l l  b e  adhered t o  f o r  the Components i n  t h i s  
rad iopharmaceut ica l  p r e p a r a t i o n .  

S ince  the l l C  p r e s e n t  i n  t h e  l a b e l e d  

a. 

b. 

C. 

d. 

Carboxyl-labeled 'IC-1-aminocyclopentanecarboxylic ac id :  maximum 
of 0.357 m C i  p e r  k i logram of body weight  (25 m C i  f o r  a 70 kg 
sub j e c t )  . 
1-Aminocyclopentanecarboxylic ac id :  
of body weight (7 ng f o r  a 70 kg s u b j e c t ) .  

maximum of 0.1 mg p e r  k i log rvn  

Sodium ch lo r ide :  
(210 mg f o r  a 70 kg s u b j e c t ) .  

maximum of 3 mg p e r  k i logram of  body weigfit 

Water: 
70 kg s u b j e c t )  . maximum of  0.5 m l  p e r  ki logram of body weight  (35 nl f o r  a 
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4. SOURCE OF NEW DRUG SUBSTANCE: 

Carboxyl-labeled 'llC-l-aminocyclopentanecarboxylic a c i d  w i l l  be 
syn thes i zed  i n  a hot  c e l l  a t  the 86-inch Oak Ridge N a t i o n a l  Labora tory  
( O m )  22 Mev p r o t o n  c y c l o t r o n  complex us ing  t h e  fo l lowing  series of 
r e a c t i o n s :  

H2 11 
~ ~ c o , / ~ ~ c o  - CH4 

N i ,  37OoC 

p t m 3  

l0OO0C 
11 H%N CH4 

S t e p  I 

S t e p  I1 

S t e p  111 

0 
11 

S t e p  I V  ' di-i" Do 0 ZIOOC, 10 min H 0 

H%N, (m4) 2cog 

KC N , M4C1 
N -c+ 

"COOH rj?:r\ ZIOOC, 10 m i n  ' D m 2  S t e p  V 

Na0H 

H '0 
Targe t ry  and P roduc t ion  of 11C02/11C0 (Step  I): 

h e a t i n g  H3BO3 ( F i s h e r  S c i e n t i f i c  Co., F a i r  Lawn, N . J . ) ,  i s  fused  on to  
t h e  f i n s  of a m u l t i f i n  molybdenum metal (99.9%) t a r g e t  suppor t .  
bombardment the B2O3 m e l t s  and a series of f i n e  c u t s  i n  t h e  f i n s  a i d s  
i n  main ta in ing  t h e  c o r r e c t  d i s t r i b u t i o n  of t h e  f l u i d  B2O3 dur ing  bom- 
bardment th rough s u r f a c e  t e n s i o n  e f f e c t s .  
release of 1 1 C O  and 1 k 0 2  from t h e  t a r g e t .  
suppor t  i s  mounted i n  an  aluminum annulus- type header  s o  tha t  a water 
c o o l a n t  f low of  15 l i t e r s jmin  can  b e  maintained.  The heade r  assernbly 
i s  connected t o  a gas  flow loop t h a t  h a s  p r o v i s i o n s  for on- l ine  gas  
purge o r  r e c i r c u l a t i o n .  The o u t l e t  of  t h e  loop  i s  l o c a t e d  i n  a r e n o t e  
c o n t r o l  h o t  ce l l  that  i s  a d j a c e n t  t o  t h e  cyc lo t ron .  
when H e  (Lif-0-Gen Inc . ,  Cambridge, Md.) i s  used as t h e  carrier gas  i n  
t h e  loop,  a 11C02/1k0 r a t i o  of approximately 4 i s  obta ined .  
of t a r g e t  11C a c t i v i t y  i n t o  t h e  gas  f low loop du r ing  bombardment i s  
approximately 50% coinplete. With a beam c u r r e n t  of 150-175 approxi-  
mate ly  3 C i  of u s a b l e  1 1 C 0 ~ / ~ 1 C O  a c t i v i t y  i s  produced. 

B2O3, p repa red  by  

During 

This a l s o  a i d s  i n  the 
The molybdenum t a r g e t  

During bombardment, 

Outgass ing  
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11 Product ion  of  "CHq and H 
are produced by c o n t a c t  c a t a l y s i s .  

CN (Steps I1 and 111): Both %Hq and H'lCN 
A 50 m l / m i n  H e  stream from the 

c y c l b t r o n  gas  loop  is mixed w i t h  a 50 ml/uin H2 (Lif-0-Gen I n c . )  stream 
and f e d  through a q u a r t z  t ube  conta in ing  N i  c a t a l y s t  on k i e s e l g u h r  
(Ventron Alpha Products ,  Beverly,  Mass.) h e l d  a t  a tempera ture  of 37OoC. 
The ou tpu t  gas  from t h i s  conversion ( con ta in ing  l l C H 4 )  i s  passed  through 
a CaS04/NaOH t r a p  and then  mixed wi th  a 50 ml/min stream of anhydrous 
NH3 (Lif-0-Gen I n c . ) .  
q u a r t z  t ube  con ta in ing  P t  c a t a l y s t  on alumina (Ventron Alpha Products )  
h e a t e d  t o  1OOOOC.  
d e s i r e d  H11CN) i s  f i n a l l y  t rapped  i n  a p r e s s u r e  r e a c t i o n  vessel f o r  
synthesis of llC-ACPC. 

T h i s  mixture  is  then passed  through ano the r  

The ou tpu t  from t h i s  convers ion  ( con ta in ing  t h e  

Syn thes i s  of 'IC-ACPC (Steps I V  and V):  
p roduc t ion  run a stainless s teel  ( type 316) p r e s s u r e  vessel having an 
internal volume of 3 m l  and f i t t e d  wi th  a b a l l  valve is charged w i t h  a 
mix tu re  of 1 m l  d i s t i l l e d  water, 31.8 mg cyclopentanone (99+ %, b.p. 
130.5OC, Ald r i ch  Chemical Co., Inc . ,  Milwaukee, W i s . ) ,  72 mg (NH4)2CO3 
( c e r t i f i e d  A.C.S., F i s h e r  S c i e n t i f i c  Co.), 6.7 mg hTH4Cl and 8.2 mg KCN 
(both Baker Analyzed Reagents,  J. T. Baker Chemical Co., P h i l l i p s b u r g ,  
N.J.). The gas  stream from Step  111, con ta in ing  H%N, i s  bubbled i n t o  
t h e  mix tu re  i n  t h e  r e a c t i o n  vessel through a Tef lon  t u b e  p l aced  through 
the opened valve. A f t e r  t r app ing  of H l l C N  is  complete (as monitored by 
an i o n  chamber), t h e  valve i s  c losed  and t h e  vessel r a p i d l y  hea ted  t o  a 
tempera ture  of 210°C and maintained a t  tha t  tempera ture  f o r  10 m i n  a f te r  
which i t  i s  r a p i d l y  cooled. The valve is  then  opened, 1.0 ml of 6.25 N 
NaOH i s  in t roduced ,  t h e  valve i s  c losed  and t h e  vessel is a g a i n  h e a t e d  
a t  21OOC f o r  ano the r  p e r i o d  of 10 min. 

P u r i f i c a t i o n  of llC-ACPC: 
mix tu re  is  f i l t e r e d  and then  loaded d i r e c t l y  on to  a 1.5 c m  (diameter)  
x 5 cm ( l eng th )  prewashed AG 1-X2, 100-200 mesh,anion exchange bed (Bio 
Rad L a b o r a t o r i e s ,  Rockv i l l e  Center ,  N.Y.) i n  t h e  hydroxyl  form. Anionic  
components, i n c l u d i n g  llC-ACPC, are r e t a i n e d  by t h e  column w h i l e  c a t i o n i c  
and non ion ic  components p a s s  through. 
d i s t i l l e d  water (Q 50 m l )  t h e  column is  then  e l u t e d  w i t h  1 N HC1,  t h e  
p rocess  be ing  monitored by means of an  i o n  chamber. The a c i d i c  e l u a t e  i s  
loaded on to  a prewashed 0.9 cn (diameter)  x 4 cm ( l eng th )  AG 50-X2, 
50-100 mesh, c a t i o n  exchange bed (Bio Rad Labora to r i e s )  i n  t h e  hydrogen 
form. 
through t h e  column. 
(Q 30 m l )  , t h e  column i s  f i n a l l y  e l u t e d  w i t h  0.2 N NaOH, the p rocess  
a g a i n  be ing  monitored with an i o n  chamber t o  minimize t h e  vo luae  of 
e l u a t e  con ta in ing  t h e  product  (Q 10 nl). This  s o l u t i o n  is c o l l e c t e d  
i n  a s te r i le  b o t t l e  f o r  t r a n s p o r t  t o  Oak Ridge Assoc ia ted  U n i v e r s i t i e s  
(ORAU) f o r  f i n a l  p rocess ing .  

I n  developmental  s t u d i e s  p r i o r  t o  a c t u a l  product ion  of "C-ACPC, i t  had 
p r e v i o u s l y  been determined by carbon, hydrogen and n i t r o g e n  de te rmina t ions  
and by i n f r a r e d  spectrophotometry t h a t  t h e  s y n t h e s i s  and 
p rocesses  d i d  indeed y i e l d  pu re  ACPC. The p u r i t y  of t h e  y y i % X ? C  product  
has  been a s ses sed  by t h i n  l a y e r  chromatography ( t lc)  (Eastman s i l i c a  g e l ,  
Chromagram Sheet  13179) u s ing  an  n-butanol: water: acet ic  a c i d  (100:10:5) 

P r i o r  t o  t h e  s tar t  of  a 'IC-ACPC 

A f t e r  completion of S tep  V t h e  cooled r e a c t i o n  

A f t e r  washing r e p e a t e d l y  w i t h  

C a t i o n i c  11C-ACPC i s  r e t a i n e d  wh i l e  a n i o n i c  material  pas ses  
A f t e r  washing r e p e a t e d l y  w i t h  d i s t i l l e d  water 

i c a t i o n  

i 0 4 8 9  1 b 
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development system and a l s o  by comparison of i ts t i s s u e  d i s t r i b u t i o n  i n  
tumor-bearing animals  w i t h  t h o s e  that had p rev ious ly  been ob ta ined  with 
c o m e r c i a l l y  available 14C-labeled ACPC (New England Nuclear  COT. , 
Boston, Mass.). Py rogen ic i ty  tests of t h e  llC-ACPC product  by s t a n d a r d  
Usp t echn iques  have been nega t ive .  
of deconpos i t i on  of llC-ACPC as the r e s u l t  o f  r a d i o l y s i s .  

"C-ACPC (from a run sp iked  w i t h  K14CN p r i o r  t o  s y n t h e s i s )  gave a t l c  
p a t t e r n  t h a t  was  similar t o  t h a t  of 14C-labeled ACPC with no  i n d i c a t i o n  
of any i m p u r i t i e s  when the two t l c  p a t t e r n s  were viewed w i t h  a s p a r k  
chamber. 
similar r e s u l t s .  
b e a r i n g  a 5123C Morr i s  hepatoma k i l l e d  25 min after i n t r a v e n o u s  
a d m i n i s t r a t i o n  of 11C-ACPC. 
t h i s  animal us ing  counts  from the 1% s p i k e  that  had been in t roduced  
as K14CN i n  the p roduc t ion  run  f o r  later assay purposes .  
i n c l u d e s  t i s s u e  c o n c e n t r a t i o n  d a t a  a t  30 min on a hepatoma ra t  g iven  
commercial 14C-ACPC. 

There has  a l s o  been no i n d i c a t i o n  

Ninhydrin development of t h e  t l c  chromatograms a l s o  gave 
F i g u r e  1 shows a scan obta ined  w i t h  a Buf fa lo  rat  

Table  1 shows t h e  t i s s u e  d i s t r i b u t i o n  i n  

Table 1 a l s o  

(See s e c t i o n  6 f o r  f u r t h e r  an imal  dara . )  

5. METHODS, FACILITIES AND CONTROLS: 

The s o l u t i o n  con ta in ing  the p u r i f i e d  I'd-ACPC w i l l  be t r a n s p o r t e d  from 
t h e  ORNL c y c l o t r o n  complex t o  t h e  ORAU Nedica l  and Health Sc iences  
D i v i s i o n  l o c a t e d  on Vance Road i n  Oak Ridge proper  ( t r i p  t i m e ,  6-8 min). 
A f t e r  be ing  t r a n s f e r r e d  t o  a c o n i c a l  beaker the pH of the s o l u t i o n  w i l l  
b e  a d j u s t e d  t o  7.0 + 0.2 w i t h  1 N H C 1  u s ing  a combinat ion e l e c t r o d e  and 
pH m e t e r .  (The st& of t h e  e l e c t r o d e  w i l l  b e  s t o r e d  i n  0.9% benzy l  
a l c o h o l  and w i l l  b e  r i n s e d  w i t h  s te r i le  water b e f o r e  each use . )  
s o l u t i o n  will t h e n  b e  f i l t e r e d  through a s te r i le  0.22 p m i c r o f i l t e r  
( M i l l i p o r e  Corp., Bedford, Mass.) i n t o  a precapped, p r e s t e r i l i z e d  v i a l  
(mul t ipunc tu re  type ,  Wheaton Glass Co., Millvi l le ,  N . J . ) .  A p o r t i o n  
of t h e  s o l u t i o n  w i l l  b e  removed f o r  f i n a l  r ad ioassay  us ing  a sodium 
i o d i d e  crystal c a l i b r a t e d  w i t h  NBS s t anda rds  (a p rev ious  p r e l i m i n a r y  
i o n  chamber a s s a y  w i l l  have been made a t  t h e  c y c l o t r o n  f a c i l i t y ) .  
s o l u t i o n  w i l l  a l s o  b e  t e s t e d  f o r  pyrogens us ing  t h e  P y r o t e s t  l imu lus  
amebocyte l y s a t e  t echn ique  (Difco Labora to r i e s ,  D e t r o i t ,  Mich.). The 
s h o r t  h a l f - l i f e  of l l C  (20.4 n i n )  p rec ludes  t e s t i n g  w i t h  r a b b i t s  i n  t h e  
conven t iona l  USP manner, and, a l though this  p a r t i c u l a r  l imu lus  technique  
normally r e q u i r e s  a n  hour  f o r  complet ion,  i t  should  ac t  as a test f o r  
g r o s s  pyrogen contaminat ion  du r ing  t h e  pe r iod  of t ine  r e q u i r e d  f o r  a s say  
and t r a n s p o r t  of t h e  p r e p a r a t i o n  t o  t h e  s i te  of a d m i n i s t r e t i o n  (Q 15 m i n ) .  
The f u l l  t es t  w i l l  become p a r t  of t h e  r eco rd  as w i l l  s t a n d a r d  USP 
s t e r i l i t y  tests. 
l a b e l e d  as t o  i t s  con ten t  and a s s a y  (see s e c t i o n  7 ) .  

P r e p a r a t i o n  of each b a t c h  of "C-ACPC f o r  c l i n i c a l  u s e  w i l l  b e  c a r r i e d  
o u t  i n  a p o s i t i v e  p r e s s u r e  c l e a n  room equipped w i t h  ve r t i ca l  laminar 
f low hoods having  a i r  c u r t a i n s  (Envirco,  Albuquerque, N.M.) .  A 1 1  g l a s s -  
ware used will be p r e s t e r i l i z e d .  Fresh  i o n  exchange r e s i n s  w i l l  be  used 
f o r  p u r i f i c a t i o n  i n  each llC-ACPC run. Each b a t c h  w i l l  b e  g iven  a ba tch  
number and a l l  p a r t i c u l a r s  r e l a t i v e  t o  i t s  p r e p a r a t i o n  and u s e  w i l l  b e  
e n t e r e d  i n t o  a master l o g  book. 

The 

The 

The v i a l  con ta in ing  the llC-ACPC w i l l  f i n a l l y  b e  

1 0 4 8 9 1 1  
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6. STATE?IENT ON INFORMATION AVAILABLE TO SPONSOR: 

i 

a.. Preclinical Investigations 

1. Animal studies 

The insertion of radioisotopic labels into the intrinsic structure of 
organic compounds and biological substances that have high affinities 
for specific tissues is an ideal method of labelin , since structures 
are not altered. The radionuclides llC, 1 3 N ,  and fsO, are all 
candidates for use in labeling such agents for nuclear medical diagnosis 
by scanning. 
of positron annihilation radiation which can be utilized for coincidence 
detection techniques such as positron emission transaxial tomography 
utilizing computer reconstruction. This is an instrumentation technique 
that may shortly come into its own in nuclear medical technology (1). 
Of these three radionuclides, llC is the obvious choice as a label 
because of its longer half-life (20.4 min), although, even with this 
radionuclide, rapid tissue distribution is necessarily required of any 
radiopharmaceutical agent that is labeled with it. 

Their decay is accompanied by photon emission in the form 

The synthetic amino acid, l-aminocyclopkntanecarboxylic acid (ACPC, also 
referred to as "cycloleucine") was reported by Berlinguet et al. (2) to 
concentrate rapidly at high levels in the tumor tissue of mice bearing 
sarcoma-180 tumors. Their investigation was carried out autoradio- 
graphically with 14C-labeled ACPC and was prompted by the fact that this 
compound had shown chemotherapeutic potential against aninal tumors ( 3 ) .  
ACPC, when labeled with a suitable gamma-emitting radionuclide could, 
therefore, be an effective external tumor-localizing agent. 
labeling of this corcpound was an obvious approach, since llC-labeled 
ACPC would be quite stable chemically and furthermore the presence of 
llC in its structure would not be expected to produce alterations in its 
biological behavior, 

lice 

Before initiating a program designed to develop a method for the synthesis 
of 11C-ACPC, we carried out studies of the tissue distribution of 1 4 C -  
labeled ACPC in tumor-bearing animals for corroborative purposes. The 
results of these studies (supervised by R. L. Hayes) were in agreement 
with the report of Berlinguet et al. (2) (Table 2) .  We also substantiated 
the rapidity of uptake that they had reported (Table 3 ) .  The specific 
activity of 11C-ACPC (or dose of stable ACPC per unit body weight) will 
not affect its tissue distribution in tumor-bearing r a t s  (Table 4 ) .  

We have also observed by rectilinear scanning good uptakes of 'IC-ACPC 
in other tumor tissues, similar to that shown in Fig. 1: H-35 Reuber 
hepatoma (better), Morris 7794 and 7787 hepatona, FST r a t  tumor, B-16 
mouse melanoma, Novikoff hepatoma, and R-325 giant cell sarcoma (somewhat 
less). A S. m e u s  6339 abscess in the rat did not show any preferential 
uptake of 1%-ACPC. 
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2.  Toxic i ty  

A C X  is a n  agent  w i t h  an t i tumor  a c t i v i t y  which was d i scove red  through 
the sc reen ing  program of t h e  Cancer Chemotherapy S e r v i c e  Center  of t h e  
N a t i o n a l  Cancer I n s t i t u t e  ( 3 ) .  It was r epor t ed  t h a t  t h e  drug i n h i b i t s  
t h e  growth of adenocarcinoma 7 5 5 ,  6C3HED a s c i t e s  lymphosarcoma and 
ascites leukemia L4946 i n  mice b u t  has  no e f f e c t  on sarcorca 180 and 
E h r l i c h  ascites carcinoma. 

Cancer chemotherapy t r i a l s  with ACPC have a l s o  g iven  v a r i a b l e  r e s u l t s .  
The t o x i c i t y  of t h e  drug hzs been one of t h e  main problems a s s o c i a t e d  
w i t h  i t s  u s e  i n  therapy ,  but the t o x i c i t y  seems t o  f o l l o w  an  all-or-none 
p a t t e r n  (see N C I  Chemotherapy F a c t  Sheet, J u l y  1970, which is a t t a c h e d ) .  
Thus dogs g iven  s u b l e t h a l  doses  s h o w  l i t t l e  evidence of t o x i c i t y ,  whereas 
dogs g iven  l e tha l  doses  c h a r a c t e r i s t i c a l l y  become a n o r e c t i c ,  l o s e  weight ,  
and d i e .  

Humans a l s o  show no t o x i c i t y  t o  small o r  moderate doses  of ACPC. 
l a r g e  amount of d a t a  exists as t h e  r e s u l t  of t h e  c l in i ca l  t r i a l s  that 
have been c a r r i e d  o u t  ( s e e  Chemotherapy Fac t  Shee t ) .  Few, i f  any, t o x i c  
symptoms have been seen i n  p a t i e n t s  a t  in t ravenous  doses  up t o  60 mg/kg/day, 
even a f te r  a se r i e s  of 5-10 d a i l y  doses.  
symptom as anorex ia ,  nausea,  vomit ing,  weight loss, thrombocytopenia,  
anemia, and a f a l l  i n  t o t a l  serum p r o t e i n s  are seen.  
i n  man t h a n  i n  small  an imals ,  such as mice and ra ts ,  a p p a r e n t l y  because  
of a faster e x c r e t i o n  ra te  i n  man. 

A 

A t  s l i g h t l y  h i g h e r  doses  such  

ACPC is  less t o x i c  

A t  t h e  dose leve l  of t h e  drug which w e  would u s e  for tumor scanning  
(0.1 ng/kg o r  less), w e  would expec t  no t o x i c i t y ,  s i n c e  w e  w i l l  b e  
below t h e  t h r e s h o l d  of t o x i c i t y  by a f a c t o r  of a p p r o x i a a t e l y  600. 
ORAU-ORNL Committee on Hwan S tud ie s  has  approved these s t u d i e s  ( s e e  
Appendix. f o r  mmbersh ip )  . 

The 

3.  Radia t ion  Dose 

Carbon-11 h a s  a 20.4 min half l i f e  decaying by p o s i t r o n  emiss ion  (99-b %). 
Because of i ts  s h o r t  h a l f  l i f e  the r a d i a t i o n  dose t o  p a t i e n t s  w i l l  b e  
mininal. 
Dosimetry Center  (headed by R. J. C l o u t i e r )  t h a t  t h e  complete decay of 
1 m C i  o f  a I1C-labeled subs t ance  uniformly d i s t r i b u t e d  i n  a 70 kg huaan, 
assuming no e x c r e t i o n ,  would produce a whole body r a d i a t i o n  dose of 
0.01 r a d s  o r  a t o t a l  of 0.25 r a d s  p e r  25 m C i  ( t h e  Eaxinum adminis te red  
dose  of  llC-ACPC). Table 5 g i v e s  d e t a i l s  of t h e  expected r a d i a t i o n  
dose  t o  v a r i o u s  organs  i n  t h e  human es t imated  from animal  d a t a .  

s C o n n i t t e e  has approved t h e  u s e  of llC-ACPC. ORAU F 

b. Previous  Marketing: 

Th i s  'IC-labeled drug has n o t  been inarketed b e f o r e ,  b u t  t h e  unlabe led  

A s  a gu ide  i t  h a s  been es t imated  by t h e  OR4U Radiopharmaceut ical  

The . .  
Cco/=+ &t, /D&UCl#* -c 

material 
i n  6-a-2 

c. Drug 

llC-ACPC 

I O 4 8 9 1  9 

- 
has  been used i n  c l in i ca l  cancer  chemotherapy t r i a l s  ( a s  noted  
above). 

C onb i n a  t i o n  : 

i s  no t  a conb ina t ion  of  p rev ious ly  marketed drugs.  
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7. 

a. 

9. 

10. 

LABEL AND INFORMATIONAL MATERIAL: 

The label t o  be used w i t h  "C-ACPC will have t h e  fo l lowing  form: 

"c- 1-AMINOCY CLOP ENTANECARBOXYLI c ACID 

Assay: m C i / m l  as of 
time 

Total. Volume ml 

Expi ra t ion  

FOR REGULATED USE ONLY 

a.m. 
p.m. d a t e  

ACPC mg/ml 

Date 

FDA IND 

The i n v e s t i g a t o r s  p repa r ing  and admin i s t e r ing  th i s  drug  are working in 
c l o s e  c o l l a b o r a t i o n  i n  the same i n s t i t u t i o n .  Therefore ,  no fo rma l  
i n f o r n a t i o n  material w i l l  be prepared;  however, each p a r t i c i p a n t  w i l l  
of cour se  be i s s u e d  a copy of t h i s  Appl ica t ion .  

SCIENTIFIC T R A I N I N G  AND EXPERIENCE OF INVESTIGATORS: 

The sponsor  cons ide r s  t h e  ch ie f  i n v e s t i g a t o r s ,  a l l  of whom are suppor ted  
by competent a s s o c i a t e s ,  t o  b e  exceedingly w e l l  q u a l i f i e d  f o r  t h i s  
research. 
Hayes, Hcbner, Washburn, and Wieland. 

See b i b l i o g r a p h i c a l  material i n  t h e  appendix about  D r s .  Andrews, 

PROGRESS OF THE INVESTIGATION: 

The p r o g r e s s  of the i n v e s t i g a t i o n  and evidence of  safety and e f f e c t i v e -  
n e s s  of t h e  drug  w i l l  be eva lua ted  by G. A. Andrews, R. L. Hayes, 
K. F. Hcbner, and the sponsor ,  C. C. Lushbaugh, Ph.D., M.D.,  Ac t ing  
Chairman of t h e  ORAU Medical and Heal th  Sc iences  D i v i s i o n ,  w i t h  a d v i c e  
from t h e  ORAU Medical Advisory Committee and the ORAU-ORNL Committee 
on Human S t u d i e s  (see a t t a c h e d  l ists  and b iog raph ies  i n  t h e  appendix) .  

CLINICAL STUDIES : 

Phases  I and 11, c l i n i c a l  pharmacology, i n  th i s  s t u d y  w i l l  c o n s i s t  of  
obse rva t ions  on t h e  metabolism 2nd t o x i c i t y  of IlC-ACPC t o g e t h e r  w i t h  
p re l imina ry  obse rva t ions  on i t s  tunor - loca l i z ing  p r o p e r t i e s .  
K. F. HGbner, M.D. w i l l  b e  i n  charge  of the i n i t i a l  phase  of the c l in i ca l  
i n v e s t i g a t i o n  which w i l l  be done on. an ou t -pa t i en t  b a s i s  a t '  the ORAU 
Medical and Hea l th  Sc iences  Div i s ion  H o s p i t a l  F a c i l i t y ,  Vance Road, 
Oak Ridge, Tennessee.  

A t o t a l  of 30 p a t i e n t s  w i t h  'mown cancer  w i l l  be s t u d i e d .  
a d u l t  p a t i e n t s  r e f e r r e d  f o r  tumor scans  by p h y s i c i a n s  i n  t h e  Oak Ridge 
Hosp i t a l ,  Eas t  Tennessee Chest Disease H o s p i t a l  (Knoxv i l l e ) ,  and t h e  
U n i v e r s i t y  of Tennessee Memorial H o s p i t a l  (Knoxvi l le ) .  
w i l l  b e  ob ta ined  from each p a t i e n t  ( a d u l t s  i n c a p a b l e  of g i v i n g  a n  
informed consent  w i l l  b e  excluded from t h e  s t u d y ) .  

They w i l l  b e  

Informed consent  

No inducements will 
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11. 

12. 

13. 

14. 

be offered to obtain voluntary consent. 
specifically for the study with no promise of continued medical care 
by ORAU. 

Patients will be recruited 

The 

1. 
the 

2. 

principal questions to be answered are: 

Is there any unsuspected toxic effect of '%-ACPC on humans at 
dose levels proposed? 

Will the uptake of %-ACPC in human tumors be sufficient to permit 
tumor detection by scanning? 

3.  
rate and excretion pattern for llC-ACPC in humans? 

For purposes of radiation dosimetry, what is the blood clearance 

4 .  What is the optimum dose and scanning time? 

While it is not anticipated that there will be any toxic effect of 
I lC-ACPC at the doses to be used in this study (see sections 2 and 
6-a-2), the patients will be observed closely for any unanticipated 
untoward effects. 

To determine the optimum time for scanning and to obtain data for more 
precise radiation dose estimates, blood levels and whole body counts 
will be monitored at frequent intervals from multiple blood samples 
and whole body counts. 

The optimum dose and time for scanning will be determined from scans 
made at different time intervals using multiple imzging devices (Anger 
camera with positron attachment and a rectilinear scanner modified for 
coincidence detection). 

The sponsor will notify the Food and Drug Administration if the investi- 
gation is discontinued, and the reason for it. 

The sponsor w i l l  notify the investigators if a new drug application is 
approved. 

There are no plans for selling this drug; Oak Ridge Associated 
Universities is a nonprofit corporation, and our interest is only in 
the basic and introductory clinical research phase of this work. 

The sponsor will not permit initiation of clinical studies of %-ACPC 
prior to 30 days after the date of receipt of notice by the Food and 
Drug Administration. He also will continue to withhold or to restrict 
clinical studies if requested to do so by the Food and Drug Administration 
prior to the expiration of such 30 days. 

1 0 4 8 9 2  I 
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Table 1 

Early Tissue Distribution of Labeled ACPC in Male Buffalo Rats 
Bearing Morris 5123C Hepatomas after I.V. Administration 

Comer ical 
Tissue 14C-ACPC 'IC-ACPC Preparation 

Percent administered dose/& 

Liver 
Spleen 
Kidney 
Muscle 
Marrow 
Blood 
S. intestine 
Pancreas 
V. tumor 
N. tumor 

0.43 
0.46 
0 .71  

0.47 
0.53 
0.42 

0 .74  

0.46 
0.71 
0.49 
0.41 
0.67 

0.54 

2 - 5 4  2.22 

3.55 3.11 

- 0.62 

2 - 5 4  2.22 

3.55 3.11 

- 0.62 

Table 2 

Effect of Tumor Type on the Tissue Distribution of 14C-ACPC at 
30 Minutes Postinjection 

Nontumor 
Tissue 

Tumor to Nontumor Tissue Conc. Ratio 
5123C RFT B-16 

Liver 
Spleen 
Kidney 

Lung 
Muscle 
S. intestine 
Marrow 
Blood 
Pancreas 

6.8 
5.5 

5.1 
5.7 
6.7 

3.9 

5.7 

5.8 

1 .0  

3.0 

2.3 

2.9 

4.0 
0 .6  

2.7 

3.7 

5.8 
4.7 

5.4 
3.8 
- 
4.0 
0.5 

1 0 4 8 9 2 3  
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Table 3 

T i s s u e  D i s t r i b u t i o n  of 14C-ACPC After In t r avenous  Admin i s t r a t ion  
i n  Male Buf fa lo  Rats Bear ing  the Morr i s  5123C Hepatoma 

P e r c e n t  admin i s t e red  dose/g; a t  v a r i o u s  times p o s t i n j e c t i o n  
T i s s u e  10 n i n .  20 min. 30 rnin. 60 m i n .  

L i v e r  

Spleen  

Kidney 

Muscle 

Marrow 

Blood 

Tumor 

Small i n t e s t ine  
Pancreas  

Plasma 

0.728 

0.700 

0.821 

0.447 

0.825 

0.517 

3.216 

1.484 
2.840 

0.583 

0.565 

0.597 

0.827 

0.541 

0.718 

0.584 

2.818 

1.102 

5.092 

0.574 

0.426 

0.461 

0.706 

0.466 

0.525 

0.422 

3 549 

0.739 
2.538 

0.449 

0.488 

0.485 

0.707 

0.543 

0.498 

0.487 

3.415 

0.634 

2.009 

0.503 

Tab le  4 

E f f e c t  of  S p e c i f i c  A c t i v i t y  on the T i s sue  D i s t r i b u t i o n  
of 14C-ACPC i n  Buffalo R a t s  Bear ing  the  5123C Hepatoma 
a t  30 Minutes P o s t i n j e c t i o n  

Non tumor Tumor t o  Nontumor T i s s u e  Conc. R a t i o  
T i s s u e  0.14 mg/kg 1 .0  mg/kg 5.0 mg/kg 

L i v e r  

Spleen  

Kidney 

Lung 

Muscle 

Small  in tes t ine  

Marrow 

Blood 

Pancreas  

3.7 

3.2 

2.9 

3.5 

3.7 

2 .1  

2.8 

3.6 

0.6 

4.1 

3.4 

3 . 1  

3.8 

4.0 

1.9  

3.1 

4.3 

0.5 

5.0 

4.2 

3.6 

4.7 

4.9 

2.9 

3.7 

4.4 

0.7 
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Table 5 

Estimated Radiation Dose to Specific Tissue and Organs 
in Hunans Following Administration of 25 m C i  of llC- 
Labeled 1-Aminocyclopentanecarboxylic* Acid (ACPC) 

Tissue rads 
Liver 0 . 3 0 5  

Spleen 0 . 3 5 8  

Kidney 0 . 3 8 8  

Lung 0.323 

Muscle 0 .308  

Bone marrow 

Blood 

Smal l  intestine 

Pancreas 

Tumor 

0 .404  

0 . 3 1 8  

0 . 5 3 4  

2.006 

1.140 

* Based on tissue distribution following intravenous 
administration of 14C-labeled ACPC ( 0 . 1 3 8  mg/kg) 
in rats at 30 minutes postinjection. 

P 

1 0 4 8 9 2 5  
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Fig. 1 Rectilinear photoscan of a =le B u f f a l o  rat (355  8 )  bearing a 
transplanted Morr i s  51231: hspztoma (left side of scan, 12 s) that had 
received intravenaus 11C-ACBC (750 pCi) 25 Einutes before b e i n g  k i l l e d  
by an overdose  of sodium pentobarbital. The scan was c a d e  with a f i n 2  
f o c u s  colliaator. The area of decreased density in the  tur;lor was necrotic. 
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l-Aminocyclopentanecarboxylic Acid (NSC-1026) 

A R e v i e w  

l-Aminocyclopentanecarboxylic a c i d  ( cyc lo l euc ine )  is  a s y n t h e t i c  amino 
a c i d  t h a t  i s  thought  t o  a c t  as a n  a n t a g o n i s t  t o  t h e  amino a c i d  v a l i n e .  
can  be looked upon as a n  amino a c i d  l a c k i n g  t h e  usua l  Q-hydrogen atom. 
s t r u c t u r e  i s  shown below: 

It 
I ts  

0 

The m o b i l i t y  of cyc lo l euc ine  i n  paper  chromatography i s  s t r i k i n g l y  d i f f e r e n t  
from t h a t  of t h e  n a t u r a l l y  o c c u r r i n g  amino a c i d s .  
s i m i l a r  Rf v a l u e  b u t  t h e  two are r e a d i l y  d i s t i n g u i s h a b l e  (1). 

Leucine has  t h e  most 

I n  1961, Ross w a s  t h e  f i r s t  t o  suggest  t h a t  t h i s  compound might i u n c t i o n  
as a n  amino a c i d  a n t a g o n i s t  (1). 
a c i d  antagonism wi th  a b a c t e r i a l  assay  ( 2 ) .  
dence t h a t  c y c l o l e u c i n e  a n t a g o n i z e s  t h e  i n  v i t r o  and i n  v i v o  i n c o r p o r a t i o n ' o f  
v a l i n e  i n t o  t h e  p r o t e i n s  of  t h e  r a t ,  i n d i c a t i n g  a l s o  t h a t  t h e  s i t e  of i t s  a c t i o n  
is  t h e  p r c v c n t i o n  of t h e  a t tachment  of v a l i n e  t o  t r a n s f e r  r i b o n u c l e i c  a c i d  ( 3 ) .  

Mickelson f a i l e d  t o  f i n d  a n y  ev idence  of amino 
Ber l ingue t  e t  a1 presen ted  e v i -  

-. C o n t r i b u t i o n s  t o  t h e  ?isst AvP&?C are  welcome. 
They should be submit ted t o  the P u b l i c a t i o n s  S e c t i o n ,  

Program Analys is  Branch, X a t i o n a l  Cancer I n s t i t u t e ,  Bethesda,  Pld 20014. 
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Machl in  e t  a1  s u p p o r t e d  t h i s  w i t h  work i n  c h i c k e n s  ( 4 ) .  They showed t h a t  t h e  
3 d d i t i o n  of as l i t t l e  as 0.15”/, c y c l o l e u c i n e  t o  normal c h i c k e n  d i e t s  i n h i b i t e d  
growth. 
it w a s  c l e a r l y  demonst ra ted  t h a t  i n c r e a s i n g  t h e  p r o t e i n  c o n t e n t  of t h e  d i e t  
reduced  t h e  growth i n h i b i t i o n .  It was t h e n  found t h a t  t h e  a d d i t i o n  of v a l i n e  
was as e f f e c t i v e  a s  h i g h  l e v e l s  of p r o t e i n  i n  p r e v e n t i n g  g r o x t h  i n h i b i t i o n .  
None of t h e  e s s e n t i a l  amino a c i d s  e x c e p t  v a l i n e  r e p l a c e d  t h e  p r o t e i n  e f f e c t  
and t h e  a d d i t i o n  of l e u c i n e  r e s u l t e d  i n  a more s e v e r e  growth r e t a r d a t i o n  from 
c y c l o l e u c i n e .  S i n c e  l e u c i n e  i s  a l s o  known t o  a n t a g o n i z e  t h e  e f f e c t  of v a l i n e  
i n  a n i m a l s ,  t h e  i n c r e a s e d  t o x i c i t y  f rom t h e  combina t ion  of t h e s e  2 amino a c i d s  
i s  u n d e r s t a n d a b l e .  

When t h e  e f f e c t  of p r o t e i n  l e v e l  was esamined on t h i s  phenomenon, 

S t e r l i n g  and Henderson h a v e  s t u d i e d  t h e  mechanism o f  a c t i o n  of c y c l o -  
phosphamide i n  a s c i t e s s t u m o r  c e l l s  i n  v i t r o  ( 5 ) .  
l e u c i n e  r e p l a c e d  no n a t u r a l  amino a c i d  i n  p r o t e i n  s y n t h e s i s  n o r  d i d  i t  i n t e r -  
fere  w i t h  t h e  endogenous s y n t h e s i s  of n a t u r a l  amino a c i d s  f rom g l u c o s e .  
d r u g  a p p e a r e d  t o  be c o n c e n t r a t e d  i n  t h e  c e l l s  by an ac t ive  t r a n s p o r t  s y s t e m  ’ 

u t i l i z e d  by some n a t u r a l  amino a c i d s .  They demonst ra ted  p a r t i c i p a t i o n  i n  a 
h e t e r o e x c h a n g e  d i f f u s i o n  p r o c e s s  w i t h  DL-leucine and DL-valine.  Al though h i g h  
c o n c e n t r a t i o n s  of c y c l o l e u c i n e  p a r t i a l l y  i n h i b i t e d  t h e  i n c o r p o r a t i o n  of  amino 
a c i d s  i n t o  p r o t e i n s  i n  asci tes  tumor c e l l s  i n  v i t r a ,  i t  was f e l t  t h a t  t h i s  was 
due  t o  i n h i b i t i o n  of t r a n s p o r t  of t h e s e  amino a c i d s  i n t o  t h e  cel ls .  The d r u g  
i n h i b i t e d  t h e  u p t a k e  of l e u c i n e  and v a l i n e  i n  a c o m p e t i t i v e  f a s h i o n  and i s  

‘ p r o b a b l y  t r a n s p o r t e d  by t h e  same c a r r i e r  sys tem i n  t h e  c e l l  t h a t  t r a n s p o r t s  
l e u c i n e  and v a l i n e .  The q u e s t i o n  a r i s e s  whether  t h i s  i s  t h e  a n t i t u m o r  mzcha- 
nism of  a c t i o n .  It h a s  b e e n  shown t h a t  tumor c e l l s  c o n c e n t r a t e  amino a c i d s  t o  
2 g r e a t e r  e x t e n t  t h a n  d o  normal  t i s s u e s ,  b o t h  i n  v i v o  ( 6 )  and i n  v i t r o  ( 7 ) ,  and 
it h a s  b e e n  s u g s e s t e d  t h a t  t h i s  g i v e s  t h e  t u m r  a c o m p e t i t i v e  a d v a n t a g e  d u r i n g  
growth. Thus a d r u g  t h a t  i n h i b i t s  amino a c i d  s u p p l y  might  h a v e  more u n i f o r m  

I e f f e c t s  on  tumors  t h a n  on normal  t i s s u e .  T h i s  i s  s u p p o r t e d  by t h e  e x p e r i e n c e  
w i t h  L - a s p a r a g i n a s e  (NSC-109229) w i t h  which i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  
tumor e f f e c t  i s  due  t o  a l o w e r i n g  of a s p a r a g i n e  i n  tumor c e l l s  t h a t  a re  u n a b l e  
t o  s y n t h e s i z e  t h i s  n o n e s s e n t i a l  amino a - i d  themselves .  

They r e p o r t e d  t h a t  c y c l o -  

The 

C l a r k  e t  a1  r e p o r t e d  t h a t  growth i n h i b i t i o n  w i t h  c y c l o l e u c i n e  i n  r a t s  
was r e l i e v e d  by f o r c e  f e e d i n g  and concluded  t h a t  t h e  d r u g  d o e s  n o t  e f f e c t  t h e  
d i s t r i b u t i o n  oE a . n u a b e r  of  amino a c i d s  i n  r a t  t i s s u e s  when f o o d  i n t a k e  i s  
m a i n t a i n e d  (8) .  

R e c e n t l y  Brown r e p o r t e d  t h a t  c y c l o l e u c i n e  a d m i n i s t r a t i o n  i n  c a n c e r  pa- 
t i e n t s  r e s u l t e d  i n  a r e v e r s i b l e ,  marked a m i n o a c i d u r i a  c o n s i s t i n g  p r e d o m i n a n t l y  
of c y s t i n e ,  o r n i t h i n e ,  l y s i n e ,  and a r g i n i n e ,  w i t h  oxly minor e l e v a t i o n s  of o t h e r  
amino a c i d s  ( 9 ) .  Plasma l e v e l s  of amino a c i d s  were e s s e n t i a l l y  unchanged 
e x c e p t  f o r  s l i g h t  d e c r e a s e s  i n  o r n i t h i n e  and l y s i n e .  T h i s  a m i n o a c i d u r i a  i s  
n o s t  l i k e l y  d u e  t o  a b l o c k a g e  by t h e  d r u g  3f  t h e  r e n a l  t u b u l a r  r e a b s o r p t i o n  of 
c y s t i n c ,  o r n i t l i i n c ,  l y s i n e ,  a i d  : i ry , ininc,  r c s u l t i n ) :  i n  :in : iminoac idur ia  of tllc 
t y p e  seen i n  c y s t i n u r i a .  I n  tllc same s t u d y ,  a d m i n i s t r a t i o n  OE t h e  d r u g  re- 
s u l t e d  i n  t h e  a p p e a r a n c e  of l a r g e  peaks  of unmetabol izcd  co-npmnd i n  c h r o n a t o -  
grams o f  b o t h  plasma and u r i n e ;  no o t h e r  peaks a p p e a r e d ,  c o n f i r m i n g  o t h e r  
r e p o r t s  t h a t  t h e  d r u g  i s  n o t  m e t a b o l i z e d .  A f t e r  s e v e r a l  days  of  d r u s  adminis -  
t r a t i o n ,  p a t i e n t s  u s u a l l y  e x c r e t e d  a b o u t  9O;b of t h e  d a i l y  d o s e  i n  t h e  u r i n e ;  

f 

2 
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a t  t h a t  t i m e  c o n c e n t r a t i o n  of d r u g  i n  t h e  u r i n e  ranged  f r o m  7 2 . 4  t o  1 7 2  m i l l i -  
mal /day f o r  t h e  5 p a t i e n t s  s t u d i e d  most e x t e n s i v e l y ,  and plasma levels  r a n g e d  
from 3 . 7 3  t o  10.8 pmol/ml of p l a s m a .  

. 

The r a t e  of e x c r e t i o n  of d r u g  from t h e  b o j y  a f t e r  c e s s a t i o n  of t h e r a p y  
could  b e  approximated by a s t r a i g h t  l i n e  01 a s e m i l o g a r i t h m i c  p l o t  w i t h  a 
h a l f - l i f e  of 2 . 4  days  f o r  b o t h  p l a s m a  and u r i n a r y  decay  r a t e s .  T h i s  e x c r e t i o n  
r a t e  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  r a t e  i n  r a t s  and mice,  f o r  which a h a l f -  
l i f e  of 22 d a y s  was r e p o r t e d .  
e x p l a i n s  t h e  lesser t o x i c i t y  of t h e  d r u g  i n  man t h a n  i n  r a t s  and mice. 

T h i s  d i f f e r e n c e  i n  rate of excret ion p r o b a b l y  

I 

mg/kg 
day  X 

. C y c l o l e u c i n e  i s  a c t i v e  a g a i n s t  leukemia L1210. A s i n g l e  d o s e  of 400 
i n t r a p e r i t o n e a l l y  ( i p )  g i v e s  a 69% i n c r e a s e d  l i f e s p a n  ( I L S ) ;  100 rng/kg/ 
5 i p ,  a 52X I L S ;  and 100 mg/kg/day X 9 i p ,  a 51% ILS.  When 300 mg/kg i s  

g i v e n  i p  e v e r y  4 Says (Days 1, 5 ,  and 9 )  a 50% ILS i s  obs2rved .  V a r i o u s  o t h e r  
s c h e d u l e s  a g a i n s t  t h e  L 1 2 1 0  g i v e  e s s e n t i a l l y  t h e  s a n s  r e s u l t s ,  i n d i c a t i n g  a 
l a c k  of s c h e d u l e  dependency w i t h  t h i s  compound. 

! 

The d r u g  h a s  a l s o  been  r e p o r t e d  t o  i n h i b i t  t h e  growth  of Adenocarcinoma 
I 755, 6C3HED a s c i t e s  lymphosarcoma, and a s c i t e s  leukemia L4946 i n  mice a s  w e l l  

as SJalker c a r c i n o s a r c o m a  256 i n  r a t s  (1,lO). 

I n  r a t s  b o t h  s i n g l e  and r e p e a t e d  d o s e s  of c y c l o l e u c i n e  p r o d u c e  a c o u r s e  
c h a r a c t e r i z e d  by d e c r e a s e  i n  foDd i n t a k e ,  weight  l o s s ,  and a t  h i g h e r  l eve ls ,  
d e a t h .  These  phenomena a r e  d e l a y e d  i n  appearance  and ,  i n  s u r v i v o r s ,  s low i n  
a b a t i n g .  No a c u t e  o r g a n i c  l e s i o q s  have been  d i s c o v e r e d  t h a t  m i g h t  have con-  
t r i b u t e d  t o  t h e  w a s t i n g  and d e l a y e d  d e a t h  of  t h e  rats.  Hemato logic  t o x i c i t y  
i s  m a n i f e s t e d  by d e p l e t i o a  D f  n e u t r o p h i l s ,  b o t h  i n  t h e  marrow and  p z r i p h e r a l  
b lood .  G r o s s  p a t h o l o g i c  f i n d i n g s  i n  t h e  r a t s  a r e  n e g l i g i b l e .  Whm c y c l o -  

a l l - o r - n o n e  p a t t e r n .  Dogs r e c e i v i n g  s u b l e t h a l  d o s e s  show l i t t l e  e v i d e n c e  of I 

t o x i c i t y ;  on t h e  o t h e r  hand,  dogs  g i v e n  l e t h a l  d o s e s  c h a r a c t e r i s t i c a l l y  become 
a n o r e c t i c ,  l o s e  w e i g h t ,  and d i e .  The hemato logic  p i c t u r e  i s  one  of hemocon- 
c e n t r a t i o n  thrombocytopenia ,  r e t i c u l o c y t o p e n i a ,  and i n  s3nz a n i m a l s ,  i n c r e a s e d  
i m n a t u r i t y  of  p e r i p h e r a l  l e u k o c y t e s .  The most f r e q u e n t  p a t h o l o g i c  change i s  
g a s t r o i n t e s t i n a l  u l c e r a t i o n ,  hemDrrhage, and a t r o p h y .  Plorlerate a t r o p h i c  
h e p a t i c  and p a n c r e a t i c  changes  a r e  observed  i n  s m n l  a n i m l s .  Bone marrow 
p a t h o l o s y  i s  c h a r a c t e r i z e d  by v a r y i n g  d e g r e e s  of e r y t h r o i d  d e p l e t i o n ,  and i n  
some c a s e s  i n m a t u r i t y  of t h e  myelo id  ser ies .  

l e u c i n e  i s  g i v e n  o r a l l y  and i n t r a v e n o u s l y  ( i v )  t o  dogs ,  t h e  e f f e c t s  f o l l o w  a n  I 

Monkeys respond t o  c y c l o l e u c i n e  l i k e  t h e  d o % ,  tliough h i g h e r  d o s e s  a re  
r e q u i r e d  and t o x i c  a b n o r m a l i t i e s  are less  pronounced. F a t a l  d o s e s  i n  t h e  mon- 
key i n d u c e  m l a i s e ;  w e i g h t  l o s s ;  d i a r r h e a ;  m2dera te  d e g r e e s  of l e u k o p e n i a ,  
t h r o n b o c y t o p e n i a ,  and h e m o c o n c e n t r a t i o n ;  and o 2 c z s i o n a l l y  l o c a l  areas of g a s -  
t r o i n t e s t i n a l  hemorrhage. The o n l y  t o x i c  e f f e c t s  i n  a n i m l s  g i v e n  s u b l e t h a l  
d o s e s  w8ere d i a r r h e a  and w e i g h t  l o s s  which wzre s e ? n  i n  2 m i k e y s .  

A s u m a r y  of t h e  s i n g l e  d c s e  l e t h a l  t o  5 O X  of tlic a n i m a l s  (LD59)  and  
t h e  maximum t o l e r a t e d  s i n g l e  d o s e  i s  g i v e n  i n  t a b l e  1 [Repor t  f rom t h 2  F s d e r a l  
Drug A d m i n i s t r a t i o n  t o  t h e  Cancer Chemotherapy National S e r v i c e  C e n t e r  (CZNSC), 
N a t i o n a l  Cancer  I n s t i t u t e  ( N C I ) ] .  
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T a b l e  1.--Summary of s i n g l e  d o s e  LD50 and maximum t o l e r a t e d  
s i n g l e  d o s e  of c y c l o l e u c i n e  i n  a n i m a l s  

-- -I__- - 
Dose (mglkg) 

i v  ora 1 S p e c i e s  

Plouse 
Rat 
Guinea p i g  
Dog 

309 
316 2 6 1  

119 
300 3 00 

Mouse 199 
Rat 1 2 5  158 
Guinea p i g  79.4 

- -- - 
A t  P f i z e r ,  g r o u p s  o f  4 female r a b b i t s  r e c e i v e d  s i n g l e  i v  d o s e s  of 50, 

100, and 200 mg/kg c y c l o l e u c i n e  ( M o r r i s o n ,  M. J . ,  p e r s o n a l  communicat ion) .  
Four r a b b i t s  d i e d ;  2 a t  t h e  100 ng/kg l e v e l  and 2 a t  t h e  200 m g / k g . l e v e l .  

’ . t h e  100 mg/kg leve l ,  t h e y  d i e d  o n  Days 20 and 29 and p a t h o l o g i c  s t u d i e s  showed 
e x t e n s i v e  p u r u l e n t  pneumonia i n  o n e  a n i m a l  and edema of t h e  a n t e r i o r  med ias -  
t i n a l  t i s s u e s  i n  t h e  o t h e r .  A t  t h e  200 mg/kg l e v e l ,  d e a t h  was on Days 6 and 
7 ;  b o t h  a n i m a l s  had f r i a b l e  l i ve r s  w i t h  areas of m a r b l i n g .  
e x t e n s i v e  hemorrhage i n t o  t h e  r i g h t  mesosa lp inx .  

A t  

One r a b b i t  had 

When serum l e v e l s  are s t u d i e d  i n  dogs and monkeys g i v e n  single i v  d o s e s  
of c y c l o l e u c i n c  a s u r p r i s i n g  phenomenon i s  o b s e r v e d .  
a r a p i d  f a l l  i n  serum l e v e l s  f o l l o w e d  by a s u s t a i n e d  r ise a t  4 h o u r s  t o  p e a k s ,  
i n  some a n i m a l s ,  f a r  e x c e e d i n g  t h o s e  n o t e d  s h o r t l y  a f t e r  i n j e c t i o n .  
t h e n  b e g i n  t o  d e c l i n e  s l o w l y  be tween  8 and 24 hours .  
s u b s t a n t i a l  c o n c e n t r a t i o n s  of t h e  d r u g  c a n  be  measured i n  t h e  serum. 
examples  are shown below: 

I n  a l l  animals t h e r e  is 

L e v e l s  

T w ~  
Even a t  48 h o u r s ,  howsver ,  

l / 2  h r  1 h r  2 h r  4 h r  8 hr 2 4 , h r  48 h r  ARLrn2 

Mo n ke  y 3 0 . 3 6  26.63 14.72 33 .12  22 .08  21.16 11 .96  , 

Dog 21.16  22 .08  16 .56  19 .32  53.36 59.80 28.52, 

A s  y e t  t h i s  phenomenon i s  u n e x p l a i n e d .  
t h e  d r u g  ( o r  a n o t h e r  m a t e r i a l  w i t h  n e a r l y  t h e  same m o b i l i t y )  i n  serum. 
i s  no e v i d e n c e  t h a t  a n  o u t p o u r i n g  o f  amino a c i d s  w i t h  s i m i l a r  p a t t e r n s  of 
m o b i l i t y  arc i n s t r u m e n t a l  i n  t h e  a p p a r e n t  i n c r e a s e  i n  the c m c e n t r a t i o n  o f  
c y c l o l e u c i n e .  

P a p e r  ch romotograph ic  s t u d i e s  d e t e c t  
T h e r e  
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When r a t s  are g i v e n  40 mg/kg/day X 3 o r a l l y ,  g l u c o s e  d e t e r m i n a t i o n s  
made a t  Days 0 ,  4 ,  7 ,  and 14 show t h a t  t h e  g l u c o s e  l e v e l s  r ise d i r e c t l y  a f t e r  
t r e a t m e n t ,  as food consumption d r o p s .  G lucose  l e v e l s  i n  p a i r - f e d  controls 
d r o p  d i i r i n g  t h e  same p e r i o d .  
ra ts  are g i v e n  i n j e c t i o n s  of l e u c i n e  and v a l i n e  (11) b u t  t h e  r ise w i t h  c y c l o -  
l e u c i n e  is more c o n s i s t e n t .  A f t e r  ad rena lec tomy,  l e u c i n e  and v a l i n e  s t i l l  
c a u s e  a s l i g h t  hype rg lycemic  r e s p o n s e  b u t  c y c l o l e u c i n e  p r o d u c e s  a s t e a d y  f a l l  
i n  g l u c o s e  l e v e l s  w i t l i  a l l  r a t s  d y i n g  a f t e r  5 d a y s ;  no  d e a t h s  o c c u r  i n  c o n t r o l s  
o r  i n  r a t s  t r e a t e d  w i t h  l e u c i n e  o r  v a l i n e .  T h i s  e v i d e n c e  and t h e  o b s e r v a t i o n  
of d r a s t i c  l o s s  of body p r o t e i n  and f a t  d e p o s i t s  i n  r a t s  i m p l y  t h e  p o s s i -  
b i l i t y  of e x c e s s i v e  s e c r e t i o n  of a d r e n o c o r t i c a i  hormones a n d  S t i m u l a t i o n  of 
g l u c o n e o g e n e s i s  and l i v e r  g l y c o g e n  s t o r a g e  a f t e r  l e t h a l  d o s e s  of c y c l o l e u c i n e .  

A t r a n s i t o r y  r i se  i n  b lood  g l u c o s e  o c c u r s  when 

One of t h e  i n i t i a l  s t u d i e s  w i t h  c y c l o l e u c i n e  w a s  d o n e  i n  t h e  V e t e r a n s '  
They t r e a t e d  7 1  p a t i e n t s  who had f a r - a d v a n c e d  A d m i n i s t r a t i o n  h o s p i t a l s  ( 1 2 ) .  

m a l i g n a n t  d i s e a s e  w i t h  o r a l  and iv d o s e s  of 10-150 mg/kg/day X 5-10. 
was l i m i t e d  t o  a n o r e x i a ,  n a u s e a ,  and v o m i t i n g ,  which were o b s e r v e d  i n  some 
p a t i e n t s  g i v e n  d o s e s  of  60 mg/kg/day o r  more. The tumor t y p e s  t r e a t e d  i n -  
c l u d e d  ca rc inoma  of t h e  bowel ,  s tomach ,  and l u n g ,  as  w e l l  as a who le  r a n g e  of  
o t h e r  s o l i d  tumors .  No improvement was obse rved  except in o n e  p a t i e n t  w i t h  
m a l i g n a n t  melanoma who s u s t a i n e d  a n  improvement i n  p e r f o r m a n c e  s t a tus  and 
d e c r e a s e  i n  t h e  s i z e  of a neck  l e s i o n .  

T o x i c i t y  

B e n e f i e l  and h i s  a s s o c i a t e s  r e p o r t e d  on t h e  u s e  o f  c y c l o l e u c i n e  i n  3 
p a t i e n t s  w i t h  m u l t i p l e  myelona (13 ) .  
ment w i t h  s t e r o i d s ,  X r a y s ,  and u r e t h a n  (NSC-746; e t h y l  c a r b a m a t e ) .  Two were 
i n  a p r e t e r m i n a l  s t a t e .  
80 ng/kg/day.  A l l  3 p a t i e n t s  n o t e d  a lmos t  comple t e  d i s a p p e a r a n c e  of p a i n  
w i t h i n  2 weeks a f t e r  c o m p l e t i o n  of t r e a t m e n t .  
l e v e l s  was no ted .  
o b s e r v e d .  No t o x i c  e f f e c t s  were s e e n .  S e v e r a l  a d d i t i o n a l  p a t i e n t s  w i t h  
myeloma t r e a t e d  by t h e  a u t h o r  a l so  had a r e m a r k a b l e  r e l i e f  of bone p a i n  though 
t h e r e  was no good e v i d e n c e  o f  r e v e r s a l  of t h e  b a s i c  d i s e a s e  p r o c e s s  ( B e n c f i e l ,  

W .  B . ,  p e r s o n a l  communicat ion t o  the  CCNSC, J u n e  1961) .  
p e n i a  w i t h  g a s r r o i n t e s t i n a l  hemorrhage was o b s e r v e d  i n  a few p a t i e n t s ,  w i t h  
p l a t e l e t s  r e t u r n i n g  t o  normal  upon d i s c o n t i n u a n c e  of t h e r a p y .  

Two p a t i e n t s  were r e f r a c t o r y  t o  t r e a t -  

C y c l o l e u c i n e  was g i v e n  i v  f o r  10  d a y s  a t  a d o s e  of 

A s t e a d y  i n c r e a s e  i n  hemoglobin 
No zhanges  i n  bone l e s i o n s  o r  abnorma l  se rum p r o t e i n s  were 

S e v e r e  th rombocy to -  

B e r g s a g e l  s t u d i e d  c y c l o l e u c i n e  i n  11 p a t i e n t s  w i t h  m u l t i p l e  myeloma a t  
Harked p a i n  r e l i e f  c a s  r e ? o r  t e d  i n  3 of a d o s e  of  89 nz/kg/day i v  x 10 ( 1 6 ) .  

5 p a t i e n t s  who complained of  t h i s  symptorn. 
i n  any  p a t i e n t .  T o x i c  e f f e c t s  wzre a n o r e x i a ,  we igh t  l o s s ,  t h r o m b o c y t o p e n i a ,  
anemia ,  and a f a l l  i n  t o t a l  serum p r o t e i n s  (TSP) .  The  f a l l  i n  TSP i s  i n t c r -  
e s t i n g  i n  l i g h t  of  r e c e n t  d a t a  on t h i s  w i t h  L - a s p a r a g i n a s e  a s  shown by  C a n e l l o s  
e t  a1 (14) an3 9askell e t  a 1  ( 1 5 ) .  The TSP f e l l  f r o q  0 . S  t o  5 . 7  g/100 ml i n  8 
p a t i e n t s .  The maximum f a l l  i n  serum p r o t e i n s  was no ted  w i t h i n  15-34 d a y s ;  i t  
g r a d u a l l y  r e t u r n e d  r o o a r d  p r e t r c a t m n t  l e v e l s .  No C o n s i s t e n t  e f f e c t  was n a t e d  
i n  t h e  a lbumin  t o  abnormal  g l o b u l i n  r a t i o .  The s e r u m  e l e c t r o p h o r e s i s  p a t t e r n s  
d i d  n o t  r e v e a l  a s e l e c t i v e  d e p r e s s i o n  of t h e  abnormal serum g l o b u l i n .  
i n  s e r u n  ? r o t e i n s  appea red  t o  a f f e c t  a11 t h e  p r o t e i n s  (1G). 

No o b j e c t i v e  irnprover?.ent w a s  n o t e d  

The  f a l l  
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Kiss s t u d i e d  15 p a t i e n t s  who had p l a s m o c y t i c  myelona t r e a t e d  w i t h  
c y c l o l c u c i n e .  T h r e e  treatin’nt regimzns w s e  used:  (1) 750-1000 mg/kg/day 
o r a l l y  t o  t o x i c i t y ;  ( 2 )  600-1000 ng/L,g e v e r y  o t h e r  day i v  t o  t o x i c i t y ;  and 
( 3 )  80 -ng/kg/day iv x 5 e v e r y  1-3 months.  

S i x  p a t i e n r s  o n  r eg imen  1 shoved no e f f e c t  e s c e p t  r e l i e f  of bone p a i n  
i n  2 p a t i e n t s .  
i n  2 p a t i e n t s ,  c a u s i n g  d i s c o n t i n u a n c e  o f  d r a g .  
s t Q p p i n 3  t h e  d r u g  i n  2 o t h e r  p a t i e n t s .  
w s r e  o%sl-rved. 

T o x i c  e f f e c t s  deve lop2d  i n  a l l  6. Thrombocytopenia  d e v e l o p z d  
Leukopenia  w a s  r e a s o n  f o r  

I n  a d d i t i o n ,  n a u s e a  and  w e i g h t  loss 

S i x  p a t i e n t s  wzre  t r e a t e d  o n  r eg imzn  2 ,  and t h e  o n l y  r e s p o n s e  w a s  p z r t i a l  
r e l i e f  of b o n e  p a i n  i n  o n e  p a t i e n t .  Thrombocytopenia w a s  n o t e d  i n  3 p a t i e n t s ,  
b.Jt n 3  l e u k o p e n i a  d e v e l o p e d .  

On regirn2.n 3 ,  o n e  p a t i e n t  had r e l i e f  of bone p a i n  and d e c r e a s e  i n  s i z e  
of a n  o s t e o l y t i c  s k u l l  l e s i o n .  No o t h e r  p a r a m e t e r s  o f  im2rovemEnt were n o t e d  
( 17) .  

I n  1963,  B i g l e y  r e p o r t e d  on t r e a t i n g  7 p a t j e n t s  who had m u l t i p l e  mye- 
loma w i t h  closes of 0.5-1.0 % / d a y  o r a l l y  and i v  ( B i g l e y ,  R. H . ,  p e r s o n a l  co.mu- 
n i c a t i o n  t o  P. Waa lkes ) .  
p a i n .  One p a t i e n t  had d e f i n i t e  d i s a p p e a r a n c e  of a 5 X 7 c m  p a l p a b l e  myelona 

n 2 t e d .  
s t u d y )  and n a u s e a  and t h r o n b o c y t o p e n i a  i n  one 2 a t i e n t .  

F i v e  p a t i e n t s  had f a i r  t o  good decreaso,  i n  b a n e  

‘ t u n o r  on t h e  c h e s t  wall a f t e r  i v  t h e r a ? y .  No change i n  abnormal  p r o t e i n s  was 
T o x i c  e f f e c t s  were a g g r a v a t i o n  D f  mild d i a b e t e s  ( n o t e d  i n  one D t h e r  

K r a n t  e t  a 1  t r e a t e d  7 p a t i e n t s  xho had myeloma w i t h  c y c l o l e u c i n e  a t  a 
d3sage of 40-60 mg/kg/day x 6-10. 
p a t i e n t s .  . D 2 . s p i t e  t h i s  a l l e v i a t i o n  of p a i n ,  p r o c p e s s i o n  of d i s e a s e  was r e l e n t -  
less .  S e v z r e  bone marrow t o x i c i t y  deve loped  i n  3 T a t i e n t s ,  w i t h  v i r t u a l  pancy- 
t o p e n i a  r e s - i l t i n g  i n  c l i n i c a l  b l e e d i n g  i n  2 p a t i e n t s .  
d e p r e s s i o n ,  p l a sma  c e l l s  were n o t  a f f e c t e d  (18) .  

I Good r e l i e f  o f  bone p a i n  was s e e n  i n  5 
; 

D e s p i t e  t h e  marrotf 

Th? C e n t r a l  Drug E v a l u a t i o n  P r o g r a n  \as done e x t e n s i v e  t e s t i n g  of c y c l o -  
1eTicine i n  s o l i d  tuxnors (19 ) .  
c3iirses of 80 ng /kg /day  x 10 i v .  
was g i v z n  25 d a y s  a f t e r  t h e  f i r s t  c o u r s e  was c m 2 l e t e d .  O f  t h e  3 3  t r e a t e d ,  
13 com?le t ed  2 c a ’ i r s e s ,  11 comple t ed  1 c o u r s e ,  and 9 d i d  n 3 t  s a t i s f a c t o r i l y  
c o n ? l e t e  a full ca’lrse. 
i n g u i n a l  node metastasis  had a g r e a t e r  t h a n  50% d e c r e a s e  i n  t h ?  s i z e  of  a n  
i n g u i n a l  node. 
n J t  be  m2asured a c c u r a t e l y .  
3 months 3 f t e r  t h e r a p y  began .  
w i t h  c y c l o l c u c i n c  rc-naincd uncliangcd a n d  2 3  liarl p r a z r e s s i o n  of d i s e a s e .  

I n i t i a l l y  t h e y  t r e a t e d  33 p a t i e n t s  w i t h  1 o r  2 
Wherever p ~ a s i b l e  a second c o u r s e  of  t h e r a p y  

One p a t i e n t  w i t h  a c h o n d r o s a r c o m  o f  t h e  p e l v i s  and 

A p a l p a b l e  v a g i n ~ l  mass sean id  t o  d e c r e a s e  i n  s i z e  b u t  c a - i l d  
The tumor r e t u r n e d  t o  i t s  p r e t r e a t m 2 n t  s i z e .  

i 
1 

The c o n d i t i o n  of 9 of t h e  o t h e r  p a t i e n t s  t r e a t e d  

L i t t l e  s i g n i f i c a n t  t o . u i c i t y  was n o t e d .  Two p a t i e n t s  hall  a d r o p  i n  
p l a t e l e t s  t o  75,000 and 62,033.  
es o f  t h e r a p y ,  b u t  t h i s  was t h o u g h t  t o  b e  d u e  t o  p r o g r e s s i v e  d i s e a s e .  

0 , ~  p a t i e n t -  l o s t  36  pounds d u r i n g  2 f u l l  co’irs- 

I n  vie;r of t h i s  l a c k  oE t o x i c i t y  and t u n o r  r e s p o n s e  t h e  g roup  f e l t  t h a t  
f u r t h e r  e v a l u a t i o ?  a t  t h i s  d o s e  l e v e l  was n o t  w a r r a n t e d  and d e c i d e d  t o  do  a 
phase  I s t u d y  a t  h i g h e r  d o s a g e  l e v e l s .  
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i 

Forty-seven p a t i e n t s  were t h e n  t r e a t e d  a t  dosage l e v e l s  r a n g i n g  from 
60 t o  350 mg/kg/day X 10 i v  as fo l lows  ( 2 0 ) :  

60-100 
100-200 
200-300 
300-350 

3 
17 
38 

5 

S u b j e c t i v e  improvement, man i fe s t ed  by r e l i e f  from p a i n  o r  improved a p p e t i t e  
and weight  g a i n ,  was noted i n  7 p a t i e n t s ;  6 of them r e c e i v e d  more t h a n  200 
mg/kg/day. 
p a t i e n t s ,  b l e e d i n g  i n  8 ,  a n o r e x i a  i n  6 ,  and d i a r r h e a  i n  4. Thrombocytopenia 
of less t h e n  100,000 w a s  observed  i n  6 of 47 p a t i e n t s  and leukopenia  w a s  noted 
i n  one p a t i e n t  a f t e r  2 days  of 350 mg/kg/day. The most s e r i o u s  t o x i c  mani- 
f e s t a t i o n  observed was t h e  i n f r e q u e n t  occur rence  of n e u r o l o g i c  e f f e c t s .  A t  
doses  abode 220 mg/kg/day, s i g n s  and symptons of a c t i v e  degene ra t ion  o f  t h e  
s p i n a l  cord  and p e r i p h e r a l  nerves  were noted: These e f f e c t s  i nc luded  a tax ia ,  
Romberg's s i g n ,  nystagmus, v e r t i g o ,  d e l i r i u m ,  and p a r e s t h e s i a .  

G a s t r o i n t e s t i n a l  t o x i c i t y  inc luded  nausea and vomi t ing  i n  14 

A phase 11 s tudy  w a s  t h e n  s t a r t e d  a t  303 mg/kg/day x 8-10. 
140 p a t i e n t s  were t r e a t e d  i n  t h i s  s tudy  ( 2 1 ) .  A sumnary of t h e  t o x i c i t y  
fo l lows  [ G I  = g a s t r o i n t e s t i n a l ,  G U  = g e n i t o u r i n a r y ,  CNS = c e n t r a l  nervous 
system] : 

A t o t a l  of  

None 99 80 1 2 4  126 79 125 85 
S l i g h t  t o  moderate  14 31 4 2 26 2 10 
Severe  1 6  19  0 0 30 0 5 
Degree not  s p e c i f i e d  1 1 0 0 0 0 2 
Not r e p o r t e d  10  9 12  12 5 13 38 
Pe rcen t  i n c  idenee  , 23 38 3 1 41 1 16 

P a r t i a l  r e sponses  were noted  i n  1 of 4 head and neck tumors ,  2 of 1 6  c o l o r e c t a l  
tumors,  1 of 2 o v a r i a n  tumors ,  1 of 11 melanomas, and 1 of 5 tumors w i t h  unknown 
primary . 

Most i n t e r e s t i n g  a re  t h e  r e s u l t s  seen  i n  t h e  t r e a t m n t  of proven leiomyo- 
sarcomas w i t h  c y c l o l e u c i n e .  Four t een  p a t i e n t s  ( 5  men, 9 women) have been  
t r e a t e d ,  rnost of them r e c e i v i n g  300 mg/kg/day. 
measurable  l e s i o n s ;  10  of t h e  13 show2d a d e f i n i t e  d e c r e a s e  i n  measurable  
l e s i o n s .  Of t h e s e ,  6 had a 50% r e d u c t i o n  i n  s i z e  of t h e  l e s i o n s  when cox2ared 
w i t h  t h e  p re the rapy  measurern2nt. The d u r a t i o n  of r e m i s s i o n  was 25 m m t h s  i n  
1 p a t i e n t  and 23 months i n  a n o t h e r .  Two p a t i e n t s  were t r e a t e d  no t  o n l y  w i t h  
2 cour ses  of 300 q / k g / d a y  x 10 but  w i t h  weekly the rapy  as ~ 2 1 1 ;  t h e  r emis s ion  
l a s t e d  2 1  months i n  1 p a t i e n t  and t h e  o t h e r  w a s  s t i l l  i n  p a r t i a l  r e m i s s i o n  a t  
l a s t  r e p o r t .  It i s  i n t e r e s t i n g  t h a t  a l l  p a t i e n t s  who shc'),J?d ev idence  of re- 
sponse had t o x i c  e f f e c t s :  v e r t i g o ,  s l u r r i n g  of spzech ,  a t a x i a ,  o r  d i s o r i e n t a -  
t i o n .  

O f  t h e  14 p a t i e n t s ,  13  had 
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I n  summary, c y c l o l e u c i n e  i s  a com?ound whose c l i n i c a l  h i s t o r y  d a t e s  
back  t o  1960. It i s  of s p e c i a l  i n t e r e s t  a t  p r e s e n t  because  o f  t h e  renewed 
i n t e r e s t  i n  amino a c i d  a n t a g o n i s t  such  as L-asparaginase .  C y c l o l e u c i n e  i s  
t h o u g h t  t o  i n h i b i t  v a l i n e  a n d ,  l i k e  L - a s p a r a g i n a s e ,  i s  s e e n  t o  lower serum 
p r o t e i n  i n  p a t i e n t s  i n  whon t h i s  h a s  been observed .  
a c i d  an tagonism i s  n o t  t h e  same a s  t h a t  of L - a s p a r a g i n a s e ,  and u n l i k e  L-aspa- 
r a g i n a s e ,  c y c l o l e u c i n e  i s  a c t i v e  i n  leukemia L1210. 

I t s  mechanism of amino 

C y c l o l e u c i n e  a p p e a r s  t o  c o n s i s t e n t l y  d imish  bone p a i n  i n  m u l t i p l e  mye- 
1o.m w h i l e  n o t  a f f e c t i n g  2ny o b j e c t i v e  p a r a m e t e r s .  
all myeloma s t u d i e s  were done a t  d o s a g e  l e v e l s  t h a t  were p r o b a b l y  s u b o p t i m a l  
and  a f u r t h e r  e v a l u a t i o n  at 303  ing/kg/day might  b e  wor thwhi le .  

It i s  w o r t h  n o t i n g  t h a t  
\ 

The  s t r i k i n g  e f f e c t s  r e p o r t e d  i n  l e i o n y o s a r c o a a  by t h e  C l i n i c a l  Drug 
E v a l u a t i o n  Program and t h e  r e s p o n s e  i n  t h e  c a s e  of chondrosarcoma would i n d i -  
cate t h a t  f u r t h e r  e v a l u a t i o n  of t h e  compound i n  sarcomas would b e  of i n t e r e s t .  
I n  a d d i t i o n ,  c y c l o l e u c i n e  h a s  had no c l i n i c a l  t r i a l s  a g a i n s t  a c u t e  leukemia 
o r  lymphomas. S i n c e  i t  i s  ac t ive  a g a i n s t  leukemia L1210, i s  a n  amino a c i d  
a n t a g o n i s t ,  and h a s  m y e l o s u p ? r e s s i v e  p o t e n t i a l ,  a t r i a l  i n  t h e s e  d i s e a s e s  
would also b e  i n d i c a t e d .  The e x p e r i m e n t a l  e v a l u a t i o n  of c o m b i n a t i o n s  of 
c y c l o l e u c i n e  w i t h  L - a s p a r a g i n a s e  o r  t h e  s o - c a l l e d  g l u t a m i n e  a n t a g o n i s t s ,  s u c h  
as a z a s e r i n e  (NSC-742) and azotomycin  (NSC-56654), would be s t i l l  a n o t h e r  
f i e l d  of  i n t e r e s t i n g  endeavor .  

D e s p i t e  t h e  f a c t  t h a t  t h i s  cornpmnd i s  one of t h e  o l d e s t  compounds i n  
t h e  Chemotherepy program of t h e  N C I ,  i t  may wel l  be t h a t  i t  s t i l l  h a s  a sig- 
n i f  i c a n t  f u t u r e .  
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be  ob ta ined  from t h e  P u b l i c a t i o n s  Sec t ion ,  Program Ana lys i s  Branch, Chemo- 
the rapy ,  Na t iona l  Cancer I n s t i t u t e :  

S t r e p t o n i g r i n  (NSC-45388) 
S t r e p t o z o t o c i n  (NSC-85998) 
Daunomycin (NSC-82151) 
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NEDICAL RADIONUCLIDE COMMITTEE 
Medical Division 

Oak Ridge Associated Universities 

PROPOSAL NO. 75 -2 PERSON SUBMITTING PROPOSAL R* L* 

DESCRIPTION: 
Carboxyl- labeled "C- 1- aminocyc lop ent anecarboxy lic acid (ACP C) . 
be used f o r  the detection of tumors in humans using conventional rectilinear 
and positron coincidence scanning techniques. 

This agent will 

The Committee approves with the following limitations: 

Radiopharmaceutical may- may n o t d b e  administered to patients under 
18 years of age. 

Radiopharmaceutical may- may n o t y b e  administered to pregnant Fafient ; 

U A o / o u Y ~ 4 s  64- t 772% 
The Committee disapproves for the following reasons: 17 

KEPSER APPROVAL DISAPPROVAL ABSENT DATE 

Proposal does - J does not - require approval  of Cornittee on Huzan Studies. 



NED I C AL PtAD I 0 XU C L I D E C O X V I  TT EE 

Oak Kidge Associated Universities 
Ned ic a 1 Div i s ion , 

76-1 PERSON SUBMITTING PROPOSAL Dr. Karl HGbner PROPOSAL NO. 

DESCRIPTION: 133Xe gas inhalation for lung ventilation and washout studies. 
will include imaging with a gamma camera and/or digital collection of 
dynamic data f o r  functional analysis. The usual dose will not exceed 
30 millicuries in accordance with attached package insert. 

Studies 

The Committee approves with the following limitations: 

Radiopharmaceutical may-may not-be 1/ administered to patients under 
18 years of zge, 

Radiopharmaceutical may- may not- be administered to pregnant.*.pafient : 

Other: . .  

/ 
Radiopharmaceutical to be administered in accordance with package 
insert supplied with the radiopharmaceutical. 

et; a y L L + v a l  wf t t *  

. -  - 

The Committee disapproves €or the fo l lowing  reasons: n 

E;EMBER APPROVAL DISAPPROVAL ABSENT DATE 



RADIATIOX DOSIhlETRY 
Ttic estimated al)sortwd radiation closes(?) to an averagc 
patient (70 kg) for pulnianary pcrfirsion and ccrelir:tl I ~ l o o d  
flow studics  froin a ninxiniuni dost. of 30 millicuries of 
Xenon Xe I33 i n  3 liters of air art' shown in Tablc 111. 

Table 111 
Radiation DOSCS 

Effective \\'ho I e 
)Ialf-tinie Lungs* Brain Body 

I-. rad s/3 O m  Ci -1 
Pul~iionary Pcrfusioii 2 min. 0.35 0.001 4 0.0027 
Cerebral Blood Flow 5 niin. 0.63 0.0035 0.0068 

*99% of activity is in lungs 
( 2 )  Method of Calculation: A Scheina for Absorbcd-Dose 
Calculation for Biologically Distributed Radionucixlcs, 
Siipplciiieiit No. 1 ,  MlRD paiiiphlct KO. 1 ,  J. Nucl. Xlcd., 
p. 7 .  1968. 

HOW SUPPLIED 
Thc  Xenon )le I33 gas is supplied as part of tile Calidosea 
systcrn, consisting of 2 ml unit dose vials and the  Calidose 
dispenser* for shiclded dispcnsing. 
Normally vials containing either 10 or 20 mCi/via!, packed 
u p  t o  5 vials per shicld tube, are supplied. Vial sets contain- 
ing up t o  100 inCi/vial are available. 

Patent Pending 

New EngSand Nuclear 
Radiopharmaceutical Division 
Atomlight Place 
North Billerica, Mass. 01 862 

J" "7 7-75 Rrv  1 Printcti in  US A 

1 O H 7 ? 5 5 . 7 3 4 1  

Catalog Number NKP-127 

@ New Engiand Nuckar  
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D ESC R1 ]'TI 0 K 
-*iic)n Xc 133 for diaginstic use is availahlc as S% gas i n  

ACTIONS 
Sericin Xe 133 is ;I readily diffusiblc gas whicli is neither 
utilizcd nor produced by the  body. I t  paiscs through cell 
niCriihr:iiies and frrcly exchanges between blood and tissue. 
I t  teiids to concentrate more in hody f;lt than in blood, 
plasma, water or protein solutions. In the concentr;itions 
used for diagnostic purposes it is physiologically inactive. 
Inhalcd Xenon Xe 133 gas will enter  the  alvcolar wall and 
cntcr  the pulrnonary vcnous circulation via t h e  capillaries. 
hlost of the Xenon Xe 133 that enters the circulation from 
a singlc breath is returned to the l u n g  and exhaled aftcr a 
single pass through the peripheral circulation. 

INDICATIONS 
Inhalation o f  Xenon Xe I33 gas has proved va1u;ible for t h e  
evaluation of pulmonary function and for imaging the lungs. 
I t  may also bc applied to assessmcnt o f  cerebral flow. 

CONTRAINDICATIONS 
To date, n o  known contraindications t o  the use of Xenon 
Xe 133 gas have been reported. 

h o n  diositle diluent 955.  

\VA RNI N G S 
This  radiopharmaceutical should not be administered to 
pregnant o r  lactating women unless the benefits t o  be 
gained outweigh the potential hazards. 
Ideally, examinations using radiopharrriaceuticals, especial- 
ly those elective in  nature, of a woman of childbearing 
r -ability should be performzd during the first few (ap- 

.iimately IO) days following the  onset of the menses. 
Radiopliarmaceuticals should be used only by physicians 
who are qualified by specific training in the safe use and 
handling of radionuclides produced by nuclear reactor o r  
particle accelerator, and whose experience and training have 
been approved by the appropriate governmental agency 
authorized t o  license the use of radionuclides. 

PRECAUTIONS 
As in the  use of  any  o ther  radioactive material care should 
be taken to insure minimum radiation exposure to the  pa- 
tient, consistent with proper patient management, and t o  
insure minimum radiation exposure to occupational workers. 
Expired Xenon Xe 133 gas should be controllcd in a manner 
that is in compliance with the appropriate governmental 
agency regulations. 
Xenon Xe 133 adheres to some plastics and rubber and 
should not  be  allowcd t o  stand in tubing or rcspirator 
containers. Such  unrecognized loss of  radioactivity from 
the dosc for  administration may rcnder the s tudy non- 
diagnostic. Xenon Xe 133 gas delivery systcnis, Le., 
respirators or spiromcters, and associated tubing asseniblies 
must be leakproof to avoid loss of radioactivity into the lab- 
oratory environs not specifically protected by exhaust sys- 
tellls. 

ADVERSE REACTIONS 
To date, n o  a d v c r s  reactions based on thc use of Xenon 
Xe I33 gas have been reported. 

DOSAGE A N D  ADbIINISTRATION 
n >;e 133 gas is administered by inhalation from 

closcd respirntor systems or  spironietsrs. 
The suggested activity range employed for  inhalation by the 
averagc s d d t  patient (70 kg) is: 

Yulmomry function including imaging: 2-30 mCi 
in 3 liters of air. 

Cerebral blood flow: 10-30 niCi in 3 liters o f  air. 
The patient dosc should be nieasured'by a suitable radio- 
activity calibration system immediately pr ior  to admin- 
ist ra t ion. 

PHYSICAL CHARACTERISTlCS 
Xenon Xe 133 decays by beta and gamma emissions with n 
physical half-life of 5.27 days(] : ) -  Photons that  are useful 
for imazing studies are listrcl in Table I. 

Table  I 
Principal Radiation Emission Data Xenon Xe 133 

Mean lo per Mean Energy 
( k e W  Radiation Disintegration 

Beta-2 99.3 100.6 
- ~ - -  

Gamma-:! 34.99 
K int. con. 

electrons, -2 47.24 
L i n t .  con. 

electrons, -2 7.87 
M int. con. 

electrons, -2 9.84 
K x-rays 34.70 
K x-rays 7.67 

81.0 

45.0 

75.7 

80.0 
30.8 
35.2 

( 1 )  Dillman, L.T., Radionuclide Decay Schemes and Xuclrar 
Parameters for Use in Radiation-Dose Estimation. Part 2,  
Supplement Xo. 4, h l IRD pamphlet No. 6 ,  J .  Nucl. Med., 
p. 28, 1970.  
TIie specific gainma ray constant f o r  Xenon Xe 'I 33 is 0.44 
R/niCi-hr. at 1 crn, The half value layer is I rnm of Pb. 
To correct for physical decay of this radionuclide, the frac- 
tions that remain at  selected time intervals before and af ter  
the date  of calibration are shown in Table 11. 

Table I1 
Xenon Xe I33 Physical Decay Chart 

(Half-life 5.27 days) 

Day 
-5 
-4 
-3 
-2 
- 1  
0, 
1 
2 
3 
4 
S 
6 
7 

Fraction 
Re m ai n i n g  

I .930 
1.693 
1.483 
1.300 
1.140 
1.000 
A77 
-769 
A 7 4  
.SUI 
.s 18 
.4 s 3 
2 9 s  

*Calibration Day 

Day 
8 
9 

10 
I 1  
I2 
13 
14 
15 
16 
17 
I8 
19 
20 

Fract ion 
Remaining 

3 4 9  
-302 
-268 
-235 
.2 06 
-181 
-1 5 9  
. I  39 
-1  2 2  
. I07 
.094  
.OS? 
-072  



MEDICAL PCADIOXUCLIDE COXXITTEF, 
Ned i c a 1 D iv i s i on  

Oak Ridge Associated Universities . 
, 

, 

PERSON SUEKITTING PROPOSAL Dr. Karl Hcbner PROPOSAL NO. 76-2 ' 

DESCRIPTION: 133Xe administered intravenously in saline for lung perfusion studies. 
These studies will include imaging with a gamma camera and/or collection 
of digital data for functionalanalysis. The usual dose w i l l  not exceed 
30 millicuries in accordance with the attached package insert. 
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KA DI AT1 ON DOSlhl ETRY 
The estimated absorbed radiation doscs(2) t o  a n  average 
paticrit (70 kg) for  p u l m m a r y  prrfiision and cerebral blood 
flow studies from a ntaxinium dose of 30 millicuries of 
Xenon Xe I33 i n  3 liters o f  air  are shown in Table 111. 

Table 111 
Radiation Doses 

Effective Whole 
Half-time Lungs* Brain Body 

[-rads/-?OrnCi -1 
Pulnionary Perfusion 2 niin. 0.25 0.0014 0.0037 
Ccrchral Blood Flow 5 rnin. 0.63 0.0035 0.0068 

*99% of activity is in lungs 
(3) Method of  Calculation: A Schema for Absorbed-Dose 
Calculation for  Biologically Distributed Radionuci:des, 
Supplement No. I ,  hllRD p3niphlct No. I ,  J. Nucl. hted., 
p. 7, 1966. 

riow SUPPLIED 
The Xenon Xe 133 gas is supplied as part of t h e  Calidose@ 
system, consisting of 2 ml unit dose vials and the Calidose 
dispenser* for shielded dispensing. 
Normally vials containing either 10 or  20 itiCi/vial, packed 
up  to 5 vials per sliicld tube, are supplied. Vial sets contain- 
:? .,ip to 100 niCijvial are available. 

Patent Pending 

@ ~ e w  England Nuclear 
Radiopharmaceutical Division 
Atomlight Place 
North Billerica, Mass. 01 862 

* 7 7-75 Rev 1 Prinrr+; in U.S.A. 

IOM775S-714R 

Catalog Number NRP-127 
. .  

C D  4 #. . New England Nuclear 
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DESCRII'TION 
" on Xt. 132 for dixgnostic us? is av;iilable a s  5g. gas in 

.in dioxitlc diluent 052. 

A CTI OK S 
Xenon Sc 133 is 3 reatlily diffusible gas which is neither 
iitilizctl nor  prodiictxl by the body. I t  pakscs through ccll 
nicni tmncs arid freely exchanges bet ween blood arid tissue. 
I [  tciids to concentrate more in body fat than in blood, 
plasnia, \v;itcr or protein solutions. In the  coilcentrations 
iiscd for diagnostic purposes i t  is physiologically inactive. 
Inlialcd Xeiion Xc I 3 3  gas will enter thc a1vcol:ir \vall and 
enter  thc  pulmonary venous circulation via the capillaries. 
Most of the Xenon Xe I 3 3  that enters the circulation from 
a single breath is rstnrned t o  thc  l u n g  antl exhaled aftcr a 
single pass through the peripheral circulation. 

INDICATIONS 
Inhalation of  Xcnon Xo I33 gas has proved valiiable for thc 
evaluation of pulinorrary function a n d  for iniaging the lungs, 
I t  niay alco bc applied t o  assessment of cerebral flow. 

CONTRAINDICATIONS 
To date ,  n o  known contraindications to the use of Xcnon 
Xe 133 gas have been reported. 

\$'A Rh'I NG S 
This radiopharmaceutical should not be administered to 
pregnant o r  lactating women unless the benefits to be 
gained outweigh thc potential hazards. 
Ideally, cxaminations using radiopharmaceuticals, especial- 
ly those elective in nature, of a wonian of childbearing 

--bility sliould be performed during the first few (ap- 

Kadiopharmaceiiticals should be used only by  physicians 
who are qualified by specific training in the  safe use and 
handling of  radionuclides produced by nuclear reactor or  
particle accelerator, antl whose experience and training have 
been approvtd by the appropriate governmental agency 
authorizcd t o  liccnse the use of  radionuclides. 

PRECAUTIONS 
As in t h e  use of  any  other  radioactive material care should 
be taken t o  insure minimum radiation exposure t o  the pa- 
tient, consistent with proper patient management, and t o  
insure minimum rildiation exposure t o  occupational workers. 
Expired Xenon Xe 133 gas should be controlled in a m m n e r  
that is in compliance with the appropriate governmental 
agency regulations. 
Xenon Xe 133 adheres to some plastics and rubbcr and 
should not  bc alloived t o  stand in tubing or  respirator 
containers. Such unrecognized loss of radioactivity from 
the dose for administration may render the s tudy non- 
diagnostic. Xenon Xe 133 gas delivery systems, Le., 
respirators or spiromctrrs, and associated tubing asscmblies 
rnust be leakproof to avoid loss of radioactivity into the lab- 
oratory environs not specifically protected by exhaust sys- 
t ems. 

A D V E R S E  REACTIONS 
To date, n o  adverse rca,ctions based on  the use of Xenon 
XC 133 gas havc been rcportcd. 

DOSAGE AND ADI\.lINIS1'I~ATION 

mately I O )  days following the onset of thc menses. 

Xe 133 gas is adniinistcred by inhalation from 

closed respirator systcnis or spirometers. 
Tht suggc'stccl activity range employed for inhalaiion by the  
avcrage adult patient (70 kg) is: 

Pulnionary fcnct ion including imaging: 2-30 mCi 

Cerebral blood flow: 10-30 mCi in 3 litcrs of air. 
in 3 liters of air. 

The patient dose should be measured 'hy a suitable rddio- 
activity calibration system immodiately prior to admin- 
istration. 

PHYSICAL CHARACTERISTICS 
Xenon Xc 133 decays by  beta and g3mrlia emissions with a 
physical half-life of 5-27 d a y s ( l l .  Photons that arc u d u l  
for  iniaginp studies a re  listed in Table I. 

Table  I 
Principal Radiation Emission Data Xenon Xe 133 

hlean % per hlean Encrgy 
Disin t e g r a s  

99.3 
Radiation 
Beta-2 
Gamma-2 34.99 
K int. con. 

electrons, -2 47.24 
L i n t .  con. 

electrons, -2 7.87 
M int. con. 

electrons, -2 9.84 
I; x-rays 34.70 
I; x-rays 7.67 

( k e W  
100.6 
81.0 

45.0 

75.7 

80.0 
30.8 
35.2 

( I  ) Dillnian, L.T., Radionuclide Decay Schemcs and Nuclear 
Parameters for Use in Radiation-Dose Estiniation. Part 2. 
Supplement No. 4, hIlRD pamphlet No.  6, J .  Nucl. hied., 
p. 28, 1970. 
The specific gamnia ray constant  for  x e n o n  Xf 133 is 0.44 
K/rnCi-hr. a t  1 cm. Tile half value layer is I m m  of  Ph. 
To correct for physical decay o f  this radionuclide. the frac- 
tions that remain at  selected t ime intcrvals before and aftcr 
the date  of calibration are shown in Table 11. 

Table I1 
Xenon Xe 133 Physical Decay Chart 

(Half-life 5.27 days) 

Day 
-5 
-4 
-3 
-2 
-1  
O* 
1 
2 
3 
4 
5 
6 
7 

Fraction 
Remaining 

I .930 
I .693 
I .483 
1.300 
1.140 
1 .ooo 
.677 
.I69 
.674 
.591 
- 5  1 6  
.453 
-396 

*Calibration Day 

Day 
8 
9 

i o  
11 
12 
13 
14 
1s 
16 
17 
IS 
19 
2 0  

Fraction 
Remaining 

.349 

.302 

.268 

.235 

.206 

. I S 1  

.159 

. I 3 9  

. I  2 1  

. I07  

.094 

.os2 

.072  



MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Heal th  Sciences Division 

Oak Ridge Associated U n i v e r s i t i e s  

PERSON SUBKITTING PROPOSAL Karl F. HGbner, M.D. PROPOSAL NO. 36-3 
- -  DESCRIPTION : 

DL-VALINE-~-~’C. 
s t u d i e s  for v i s u a l i z a t i o n  of the pancreas.  

We propose t o  use  this new radiopharmaceut ical  agent  i n  c l i n i c a l  
The I N D  we propose t o  submit t o  FDA 

is  a t t ached  (see Table  10 f o r  r a d i a t i o n  dosimetry) .  

The Committee approves w i t h  t h e  fol lowing l i m i t a t i o n s  : 

Radiopharmaceutical  may- may n o t  v b e  adminis tered t o  p a t i e n t s  under 
18 yea r s  of age. 

Radiopharmaceutical  may- may n o t  &e adminis te red  to pregnant  p a t i e n t s .  

P f  

Other: 

a The Committee disapproves f o r  t h e  fol lowing reasons:  

Acknowledgement of submi t t e r  ~ L L &  T -  -k-Ld Date ’ t ( q17& 

Proposa l  does /does n o t  r e q u i r e  approval  of Commit tee on Human Studies .  
f 

Human S tud ie s  approval  g ran ted  on 

i C 4 E i W  
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NOTICE OF CLAIMED INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical and Health Sciences  Div is ion  (PEED), Oak Ridge 

Assoc ia ted  U n i v e r s i t i e s  (ORAU) , Oak Ridge, Tennessee 

March , 1976 

.l. NAME OF DRUG: DL-VALINE-l-llC. This drug w i l l  b e  adminis te red  intra- 
venously,  d i s s o l v e d  i n  a s ter i le  nonpyrogenic s a l i n e  s o l u t i o n .  

2.  COMPONENTS: 

a. DL-Valine-l-llC (active r a d i o a c t i v e  drug). 

b. DL-Valine [nonradioac t ive  carrier ( s t a b l e )  drug].  

c. Sodium c h l o r i d e .  

d. Water. 

QUANTITATIVE CO~IPOSITION : 
1 - l I C  is r a d i o a c t i v e  (T1/2 1 1 C  = 20.4 min), w e  cannot state a completely 
exact r e l a t i o n s h i p  between the components of this p r e p a r a t i o n  a t  the 
time of a d m i n i s t r a t i o n .  From r a d i a t i o n  dosimetry cons ide ra t ions ,  however, 
w e  have determined that the m a x i m u m  l l C  a c t i v i t y  t h a t  w i l l  b e  admin i s t e red  
w i l l  n o t  exceed 0.714 m C i  p e r  ki logram of body weight  (a 50 m C i  dose f o r  
a 70 kg subject). The a c t u a l  amount o f  stable DL-valine t h a t  will b e  
adminis te red  w i l l  be determined by the amount o f  1 1 C  used i n  l a b e l i n g  
DL-valine and a l s o  the time t h a t  e l a p s e s  from the t i m e  of  DL-valine-l-llC 
p r e p a r a t i o n  t o  the  time of  i ts a d m i n i s t r a t i o n  t o  the p a t i e n t .  
p o s i t i o n  s t a t e d  below, t h e r e f o r e ,  r e p r e s e n t s  the dosage l i m i t s  that w i l l  
b e  adhered t o  f o r  the components in this  rad iopharmaceut ica l  p repa ra t ion :  

3. Since  t h e  l l C  p r e s e n t  i n  l a b e l e d  DL-valine- 

The com- 

a. DL-Valine-l-llC: m a x i m u m  of  0.714 m C i  p e r  ki logram of body.weight  
(50 m C i  t o t a l  f o r  a 70 kg subject). 

b. DL-Vzline:  maximum of  0 .1  mg p e r  ki logram o f  body w e i g h t  ( 7  mg 
t o t a l  f o r  a 70 k g  s u b j e c t ) .  
t e r e d  (a, above) w i l l  b e  n e g l i g i b l e  compared t o  that o f  stable 
DL-valine. 

The weight  of  DL-valine-l-11C adminis- 

c. Sodium c h l o r i d e :  
(210 mg t o t a l  for a 70 kg s u b j e c t ) .  

maximum of  3 rng p e r  ki logram of  body weight  

d. Water: maximum of 0.5 ml p e r  ki logram of body w e i g h t  (35 ml t o t a l  
f o r  a 70 kg subject) .  

I 

1 0 4 8 9 5 2  
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4. SOURCE OF NEW DRUG SUBSTANCE: 

Reference shou ld  b e  made t o  t h e  d e t a i l s  of s y n t h e s i s  and p u r i f i c a t i o n  
of 11C-ACPC i n  ou r  IND 11848 (da ted  16  September 1975) a p p l i c a t i o n  f o r  
a s i m i l a r l y  prepared  radiopharmaceut ical .  
c l i n i ca l  i n v e s t i g a t i o n  a t  MHSD, O M U ,  s i n c e  November 1975.) 

DL-Val ine- l -LIC will b e  syn thes i zed  i n  the p repa ra to ry  h o t  c e l l  a t  the 
86-Inch Oak Ridge Na t iona l  Laboratory(0RNL)'s 22 Mev p ro ton  c y c l o t r o n  
complex us ing  t h e  fo l lowing  series of reac t ions :  

(l1C-ACPC has  been under 

IIB (p,n) "C 
B2°3 3 11c02/11c0 

11 
> CH4 

HZ 

N i ,  37OoC 

P t ,  m3 
11CH4 ? H l l C N  

900-9 5OoC 

0 
I1 

CH CH-C-H 
3 - ~  

CH3 

0 

KCN ,NH4Cl 

210°C, 10 min 

NH 

7c-m 
I 

Step  I 

S tep  I1 

S t e p  I11 

Step  IV 

S t e p  V 

CH3 

NaOH ______, 
21oOc 

10 min 

I t  
l l C  
/ 

CZI CH-CH 
3-1 \ 

CH3 NH 
0 

11 Target ry  and Product ion  of l lCO, /  B203, prepa red  by 
h e a t i n g  H3BO3 ( F i s h e r  S c i e n t i f i c  Co., F a i r  Lawn, N. J.),  i s  fused  on to  
a g r a p h i t e  substrate, which i s  mounted i n  an aluminum annulus-type 
header .  The annulus  p rov ides  a w a t e r  coo lan t  flow of 15 liters/min. 
The header  assembly is connected i n  t u r n  t o  a gas flow loop  that  h a s  
p rov i s ions  f o r  on- l ine  gas purge o r  r e c i r c u l a t i o n .  
loop i s  l o c a t e d  i n  t h e  remote c o n t r o l  p repa ra to ry  h o t  c e l l  that  is 
a d j a c e n t  t o  t h e  cyc lo t ron .  During bombardment, when H e  (Lif-(F-Gen Inc., 
Cambridge, Md.) i s  used as t h e  carrier gas i n  t h e  loop ,  a 11C02/11C0 
r a t i o  of approximately 4 is obta ined .  Outgassing of t a r g e t  l l C  a c t i v i t y  
i n t o  t h e  gas flow loop d u r i n g  bombardment i s  approximately 50% c o s p l e t e .  
With a beam c u r r e n t  of 150-175 p A  approximately 3 C i  of u s a b l e  
11C02/11C0 a c t i v i t y  is produced. 

CO (Step I): 

The o u t l e t  o f  the 
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11 Product ion of "CH' and H 

are  produced by c o n t a c t  ca ta lys i s .  A 100 ml/min H e  stream in t roduced  
CN (S teps  I1 and 111): Both "CHq and H 1 k N  

i n t o -  t he  cyclo-tron gas flow loop  is mixed a t  t he  loop  o u t l e t  w i t h  a 
50 ml/min 112 (Lif-0-Gen Inc . )  stream and f e d  through a q u a r t z  tu3e  con- 
t a i n i n g  N i  c a t a l y s t  on k i e s e l g u h r  (Ventron Alpha P roduc t s ,  Beverly,  Mass.) 
h e l d  a t  a tempera ture  of  370%. 
( con ta in ing  llCH4) is passed  through a CaS04/NaOH t r a p  and then  mixed w i t h  
a 50 m l / m i n  s t ream o f  anhydrous NH3 (Lif-0-Gen Inc . ) .  
then passed through ano the r  q u a r t z  t ube  conta in ing  P t  c a t a l y s t  on alumina 
(Ventron Alpha Products )  hea ted  t o  900-950°C t o  complete the convers ion  
of llCHq to B1lCN. 

Syn thes i s  of  DL-Valine-1-l1C (Steps IV and V): 
DL-valine-l-1k p roduc t ion  run a stainless s teel  (type 316) p r e s s u r e  
vessel having an i n t e r n a l  volume of 3 m l  and f i t t e d  w i t h  a b a l l  v a l v e  i s  

' charged w i t h  a mix tu re  o f  35 yl. (27.8 mg) i sobutyra ldehyde  (98%,  b.p. 6 3 O ,  
Aldr i ch  Chemical Co. , Inc., Milwaukee, Wisconsin, r e d i s t i l l e d  b e f o r e  use) ,  
72 mg (NtI4)2CO3 ( c e r t i f i e d  A.C.S., F i s h e r  S c i e n t i f i c  Co.), 6.7 mg NH4Cl 
and 8.2 mg KCN (both B a k e r  Analyzed Reagents,  J. T. Baker Chemical Co., 
P h i l l i p s b u r g ,  N . J . ) .  The gas stream from Step 111, c o n t a i n i n g  H l k N  is 
bubbled i n t o  a gas  abso rp t ion  column con ta in ing  1 ml o f  0.005 N NaOH. 
This  s o l u t i o n  is  then in t roduced  i n t o  the  charged r e a c t i o n  vessel and 
t h e  c losed  vessel then r a p i d l y  h e a t e d  t o  21OOC and main ta ined  a t  that  
tempera ture  f o r  10 min, a f t e r  which it  is r a p i d l y  cooled.  One m l  of 
6.25 N NaOH (F i she r  S c i e n t i f i c  Co.) is  then  in t roduced  and t h e  vessel 
aga in  h e a t e d  a t  210OC f o r  ano the r  pe r iod  of 10 min. 

P u r i f i c a t i o n  of DL-Valine-l-llC: A f t e r  completion of  S t e p  V the cooled 
r e a c t i o n  mixture  is  withdrawn remotely by means of a s y r i n g e  and then  
loaded  d i r e c t l y  on to  a 1.5 cm (d i a . )  x 5 c m  ( length)  prewashed AG 1-X2, 
100-200 mesh, an ion  exchange bed (Bio Rad Labora to r i e s ,  Fbckville Center ,  
N.Y. ) i n  t h e  hydroxide  form. 
are r e t a i n e d  by the column w h i l e  c a t i o n i c  and non ion ic  components p a s s  
through. A f t e r  washing r epea ted ly  w i t h  d i s t i l l e d  water ($50 m l )  the 
column is then e l u t e d  w i t h  1 N HC1, t h e  process  b e i n g  monitored by means 
of a s h i e l d e d  gamma probe. The a c i d i c  e l u a t e  is loaded  o n t o  a prewashed 
1.0 c m  (dia . )  x 15 c m  ( length)  AG 50W-X2, 50-100 mesh, c a t i o n  exchange 
bed (Bio Rad Labora to r i e s )  in t h e  hydrogen form. 
is r e t a i n e d  w h i l e  a n i o n i c  mater ia l  p a s s e s  through the colu_m. A f t e r  
washing r epea ted ly  w i t h  d i s t i l l e d  water  (Q30 ml) , t h e  column is f i n a l l y  
e l u t e d  w i t h  0.2 N NaOH, the p rocess  aga in  be ing  monitored w i t h  a s h i e l d e d  
g a m a  probe t o  minimize the volume of eluate c o n t a i n i n g  t h e  product  
(Q15 d). This s o l u t i o n  is c o l l e c t e d  i n  a s te r i le  b o t t l e  f o r  t r a n s p o r t  
t o  MHSD, OPAU f o r  f i n a l  p rocess ing .  

Assessment of P u r i t y .  
been a s ses sed  by thin l a y e r  chromatography ( t l c )  (Eastman s i l i c a  g e l ,  
Chromagram Sheet  13179) us ing  a n  n-butano1:water:acetic a c i d  (100:10:5 
v/v) s o l v e n t  system and a l s o  by comparison of i t s  t issue d i s t r i b u t i o n  
i n  animals  w i t h  t h o s e  t h a t  have p rev ious ly  been o b t a i n e d  w i t h  commercially 
a v a i l a b l e  DL-valine-l-14C (New England Nuclear Corp., Boston, Nass. . 
Pyrogen ic i ty  tests of t h e  DL-val ine- l - lk  product  by  s t a n d a r d  USP techni-  
ques have been n e g a t i v e .  
o f  DL-val ine- l - lk  as the r e s u l t  o f  r a d i o l y s i s .  

The output  gas flow from t h i s  conversion 

This mixture  is  

P r i o r  t o  the s ta r t  of  a 

Anionic  components , i n c l u d i n g  DL-valine-l-11C, 

C a t i o n i c  DL-valine-l-'k 

The p u r i t y  of the DL-valine-l-"C product  h a s  

There has  a l s o  been no i n d i c a t i o n  of decomposition 

1 0 4 8 9 5 4  
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DL-Valine-l-’’C (from a run  sp iked  w i t h  d 4 C N  p r i o r  t o  s y n t h e s i s )  gave 
a t l c  p a t t e r n  t h a t  w a s  s i m i l a r  t o  t h a t  of D L - ~ a l i n e - l - ~ ~ C  with no  
i n d i c a t i o n  o f  any i m p u r i t i e s  when t h e  two t l c  p a t t e r n s  w e r e  viewed w i t h  
a spa rk  chzmber (Rurchover Ins t ruments ,  Ltd. ,  Cancrof t, England).  
Ninhydrin development of t h e  t l c  chromatograms a l s o  gave s i m i l a r  r e s u l t s  
( s i n g l e  amino a c i d  s p o t s  w i t h  the same r f  va lues ) .  

F igu re  1 shows a t o r s o  s c a n  of  a dog ob ta ined  w i t h  i n t r a v e n o u s l y  
a d n i n i s  t e r e d  DL-valine-l-llC. 
b a r b i t a l  a t  30 rnin p o s t i n j e c t i o n  of DL-valine-l-llC and scanned from 
40-60 minutes p o s t i n j e c t i o n .  
(based on l l C  counts)  in  this animal  a f t e r  be ing  s a c r i f i c e d  and au tops i ed  
a t  2 h r  pos t i n j e c t i o n .  

The animal w a s  a n e s t h e t i z e d  with pento- 

Table  1 shows the t i s s u e  d i s t r i b u t i o n  

Table  1 also shows t i s s u e  d i s t r i b u t i o n  d a t a  a t  30 min p o s t i n j e c t i o n  f o r  
a series of f o u r  dogs g iven  commercial DL-~aline-l-~OC. Even though 
the v a l i n e  appears  t o  have c l e a r e d  somewhat from a l l  t i s s u e s  by 2 hr  
p o s t i n j e c t i o n ,  t h e  pancreas- to- t i ssue  concen t r a t ion  r a t i o s  are s imilar  
f o r  the two sets of da t a .  
a f t e r  i n t r avenous  a d m i n i s t r a t i o n  of DL-valine-1-11C. Table 2 shows the 
t i s s u e  d i s t r i b u t i o n  based  on l l C  counts  from this a n i m a l  and a l s o  inc ludes  
t i s s u e  concen t r a t ion  d a t a  a t  30 min f o r  a series of  f o u r  rats g iven  
commercial D L - ~ a l i n e - l - ~ 4 C .  

F i g u r e  2 shows an image of  a rat k i l l e d  30 min 

(See s e c t i o n  6 f o r  more a n i m a l  da ta . )  

5 .  METHODS, FACILITIES AND CONTROLS: 

The s o l u t i o n  con ta in ing  the p u r i f i e d  DL-valine-l-llC w i l l  be t r a n s p o r t e d  
from t he  ORNL cyc lo t ron  complex t o  MHSD, ORAU l o c a t e d  on Vance Road i n  
O a k  Ridge ( t r i p  t i m e ,  6-8  min). A f t e r  be ing  t r a n s f e r r e d  t o  a magnet ica l ly  
s t i r r e d  c o n i c a l  beaker ,  t h e  pH o f  t he  s o l u t i o n  w i l l  b e  a d j u s t e d  t o  
7.0 5 0.2 w i t h  1 N H C 1  u s ing  a combination e l e c t r o d e  and pH meter. 
stem of  the electrode,when n o t  i n  u s e , w i l l  b e  s t o r e d  i n  0.9% b e n z y l  
a l coho l  and will b e  r i n s e d  r epea ted ly  w i t h  s ter i le  w a t e r  b e f o r e  each 
p r e p a r a t i v e  me.) 
nonpyrogenic 0.22 m i c r o f i l t e r  (Mi l l i po re  Corp., Bedford, Mass.) i n t o  a 
precapped, p r e s t e r i l i z e d  v i a l  (mul t ipuncture  type ,  Wheaton G l a s s  Co., 
M i l l r i l l e ,  N . J . ) .  A p o r t i o n  of t h e  s o l u t i o n  w i l l  b e  removed f o r  f i n a l  
rad ioassay  us ing  a sodium i o d i d e  c r y s t a l  c a l i b r a t e d  w i t h  NBS s t anda rds  
(a previous  p re l imina ry  i o n  chamber assay  w i l l  have been  made a t  t h e  
cyc lo t ron  f a c i l i t y ) .  A p o r t i o n  of t h i s  s o l u t i o n  w i l l  also b e  t e s t e d  f o r  
pyrogens us ing  the P y r o t e s t  Limulus Lysa te  technique  (Difco Labora to r i e s ,  
D e t r o i t ,  Mich.). The s h o r t  h a l f - l i f e  of 1 1 C  (20 .4  min) p rec ludes  t e s t i n g  
w i t h  r a b b i t s  i n  t h e  convent iona l  USP manner, and, a l though t h i s  p a r t i -  
c u l a r  l imu lus  technique  normally r e q u i r e s  an hour  f o r  completion, i t  
should  ac t  as a test for gross  pyrogen contaminat ion dur ing  t h e  pe r iod  
of t i m e  r equ i r ed  f o r  r ad ioassay  and t r a n s p o r t  of t h e  p r e p a r a t i o n  t o  t h e  
s i t e  of a d m i n i s t r a t i o n  (%15 min).  The f u l l  test  w i l l  become p a r t  of t h e  
record as w i l l  t h e  s t a n d a r d  USP s t e r i l i t y  test .  The v i a l  con ta in ing  the 
DL-valine-l-11C w i l l  f i n a l l y  be  l a b e l c d  as t o  i t s  as say  and t o t a l  conten t  

(The 

The s o l u t i o n  w i l l  then  b e  f i l t e r e d  through a s te r i le  

(see s e c t i o n  7 ) .  +rf+r+cl im-&amb --==T-w- -ma- 
+=--Y--* - - 
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P repa ra t ion  of each  b a t c h  of DL-valine-l-l'c f o r  c l i n i c a l  use w i l l  b e  
c a r r i e d  out  i n  a p o s i t i v e  p r e s s u r e  c l ean  room equipped w i t h  v e r t i c a l  
l a s i n a r  flow hoods having  a i r  c u r t a i n s  (Envirco, Albuquerque, N.M.) . 
A l l  glassware used w i l l  be p r e s t e r i l i z e d  by steam. Each b a t c h  of 
DL-valine-l-llC w i l l  b e  given a b a t c h  number and a l l  p a r t i c u l a r s  
r e l a t i v e  t o  i ts  p r e p a r a t i o n  and use w i l l  b e  e n t e r e d  i n t o  a master 
l o g  book. 

6. STATEMXNT OF INFORMATION AVAILABLE TO SPONSOR: 

a. P r e c l i n i c a l  I n v e s t i g a t i o n s  

1. Animal s t u d i e s  

All animal  s t u d i e s  of D L - ~ a l i n e - l - ~ ~ C  and DL-valine-l-llC have been 
' d i r e c t l y  supe rv i sed  by L. C. Washburn and R. L. Hayes. G. A. Andrews 

and IC. F. Hcbner have p a r t i c i p a t e d  i n  the e v a l u a t i o n  of the d a t a  (see 
Appendix on Biograph ica l  Material). 

The i n s e r t i o n  of r a d i o i s o t o p i c  l a b e l s  i n t o  the intr insic  s t r u c t u r e  of 
o rgan ic  compounds and b i o l o g i c a l  subs tances  that have high a f f i n i t i e s  
f o r  s p e c i f i c  t i s s u e s  is a n  i d e a l  method of  l a b e l i n g ,  s i n c e  s t r u c t u r e s  
are n o t  a l t e r e d .  
d a t e s  f o r  use i n  l a b e l i n g  such agen t s  f o r  n u c l e a r  medical  d iagnos is  
by scanning. Their decay is  accomplished by photon emiss ion  i n  t h e  
form of  p o s i t r o n  a n n i h i l a t i o n  r a d i a t i o n  which can b e  u t i l i z e d  f o r  
convent iona l  r e c t i l i n e a r  scanning  o r  f o r  co inc idence  d e t e c t i o n  techni-  
ques such as p o s i t r o n  emission t r a n s a x i a l  tomography u t i l i z i n g  computer 
r econs t ruc t ion .  This la t te r  method is an in s t rumen ta t ion  technique 
t h a t  may s h o r t l y  come i n t o  i t s  own i n  n u c l e a r  medica l  technology (1). 
Of t h e s e  t h r e e  r ad ionuc l ides ,  l l C  is t h e  obvious choice  as a l a b e l  
because of its l o n g e r  h a l f - l i f e  (20.4 min),  a l though,  even w i t h  t h i s  
rad ionucl ide ,  r a p i d  t i s s u e  d i s t r i b u t i o n  is n e c e s s a r i l y  r equ i r ed  of 
any rad iopharmaceut ica l  agent  that is l a b e l e d  w i t h  it. 

The r a d i o n u c l i d e s  llC, 13N, and 150 are a l l  candi- 

One of t h e  most impor t an t  d i a g n o s t i c  problems i n  n u c l e a r  medicine i s  
the need f o r  a more s u i t a b l e  agen t  f o r  pancreas  imaging ( 2 ) .  Carcinoma 
of t h e  pancreas  is the f o u r t h  l e a d i n g  cause of cancer  dea ths  i n  t h e  
United S t a t e s  ( 3 , 4 ) ,  b e i n g  r e s p o n s i b l e  f o r  the dea th  of approximately 
7000 persons each y e a r  (5). Very l i t t l e  p rogres s  has  been  made i n  
combatting this d i s e a s e ,  as evidenced by t h e  p r e s e n t  5-year s u r v i v a l  
rate of 1.5% f o r  p a t i e n t s  diagnosed as having  p a n c r e a t i c  carcinoma, 
compared t o  1.0% i n  1940 (6) .  Th i s  poor  s u r v i v a l  rate seems t o  b e  due 
more t o  the lack of r e l i a b l e  d i a g n o s t i c  techniques  than  t o  t h e  non- 
a v a i l a b i l i t y  of adequate  t r ea tmen t  procedures  ( 5 ) .  

The most r e l i a b l e  procedure  f o r  d iagnos ing  p a n c r e a t i c  carcinoma a t  the 
r e s e n t  t i m e  i nvo lves  imaging t h e  pancreas  w i t h  the rad iopharmaceut ica l  

75Se-selenomethionine coupled w i t h  a 99mTc-sulfur c o l l o i d  scan  t o  permi t  
s u b t r a c t i o n  of i n t e r f e r i n g  r a d i a t i o n  from the l i v e r  ( 7 ) .  However, 75Se- 
se l enone th ion ine  has a number o f  disadvantages a s s o c i a t e d  w i t h  i t s  we 
(8). One problem is the  high r a d i a t i o n  dose t o  t h e  p a t i e n t .  Seleniunr75 
has a long p h y s i c a l  h a l f - l i f e  (120 days) and 75Se-selenomethionine i n  
t u r n  has  a long  b i o l o g i c a l  h a l f - l i f e  (20 days).  This  r e s u l t s  i n  t h e  

# 
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exposure of t h e  p a t i e n t  t o  r a d i a t i o n  f o r  a much l onge r  time than  is 
requ i r ed  f o r  the d i a g n o s t i c  procedure (E). The most a c u t e  problem, 
however, is  t h e  i n a b i l i t y  o f  t h e  agent  t o  c l e a r l y  d e l i n e a t e  neoplasms 
a s s o c i a t e d  w i t h  the pancreas.  Uptake o f  75Se-selenornethionine even 
by a normal pancreas  i s  n o t  uniform from p a t i e n t  t o  p a t i e n t  and o f t e n  
nonspec i f i c .  
nega t ives  are observed (9, 10 ) .  

S i g n i f i c a n t  percentages  o f  bo th  false p o s i t i v e s  and false 

A number of l a b e l e d  amino a c i d  p repa ra t ions  have been i n v e s t i g a t e d  as 
p o t e n t i a l  rad iopharmaceut ica ls  f o r  pancreas scanning  (11-13) , b u t  t h e  
b iochemica l  behav io r  of the r a d i o a c t i v e  l a b e l  g e n e r a l l y  d i f f e r s  g r e a t l y  
from t h a t  of  t h e  n a t u r a l  amino a c i d .  This makes l l C  an obvious cho ice  
f o r  l a b e l i n g  amino acids f o r  p a n c r e a t i c  imaging, since the b iochemica l  
u t i l i z a t i o n  of  t h e  l a b e l e d  compound should b e  s i m i l a r  i n  magnitude t o  
that of  t h e  n a t u r a l  amino ac id .  

S t u d i e s  i n  the mouse us ing  D L - ~ a l i n e - l - ~ ~ C  (14) showed th i s  amino a c i d  
t o  be one of the b e s t  n a t u r a l  amino ac ids  w i t h  r ega rd  t o  pancreas  uptake 
and pancreas  s p e c i f i c i t y ,  and w e  have adapted t h e  high temperature ,  h i g h  
p r e s s u r e  S t r e c k e r  synthesis developed f o r  carboxyl- labeled 'IC-1- 
aminocyclopentvlecarboxylic a c i d  (Lk-ACPC)  (15) t o  the s y n t h e s i s  of DL- 
valine-l-11C. 

The uptake of DL-valine-1- C by the pancreas  is a l m o s t  complete a t  
15 m i n  p o s t i n j e c t i o n  b u t  does i n c r e a s e  somewhat between 15 and 60 m i n  
p o s t i n j e c t i o n  w h i l e  t h e  concen t r a t ion  i n  most o t h e r  t i s s u e s  d e c l i n e s  
(Table 3) ;  t h e r e f o r e ,  in view of the 20.4 min h a l f - l i f e  of l l C ,  20-30 
min p o s t i n j e c t i o n  is perhaps the optimum t i m e  t o  b e g i n  a scan .  Added 
carrier DL-valine, up t o  5 mg/kg, has  no e f f e c t  on t h e  t i s s u e  distri- 
b u t i o n  i n  the ra t  (Table 4).  

14 

W e  have c a r r i e d  ou t  s t u d i e s  of the t i s s u e  d i s t r i b u t i o n  of  DL-valine i n  
a wide v a r i e t y  of  an imal  s p e c i e s  i n  o r d e r  t o  assess the impor tance  of  
s p e c i e s  d i f f e rences  i n  t h e  d i s t r i b u t i o n .  These s p e c i e s  inc luded  the 
hamster  (see Table  5) ,  rat (Table  2 ,  3, and 4, and Fig.  2 ) ,  
r a b b i t  (Table 6) ,and dog (Table 1 and Fig.  1). A l l  of t h e s e  s p e c i e s  
showed good pancreas  uptake,  a l though t h e  pancreas  s p e c i f i c i t y  v a r i e d  
i n  the fo l lowing  order :  hamster > r a t  > dog > r a b b i t .  

A Morris 5123C hepatoma showed no  p r e f e r e n t i a l  uptake o f  DL-valine-1- 
I4C (Table 7) .  
by a d e f e c t  (nega t ive  scan)  i n  the normal p a n c r e a t i c  uptake of DL-valine- 

P a n c r e a t i c  cancer  would thus  b e  expected t o  b e  diagnosed 

1- l l c  . 
One p o t e n t i a l  problem i n  t h e  use of  DL-valine-l-llC arises from t h e  
s i g n i f i c a n t  decarboxyla t ion  encountered i n  a d m i n i s t r a t i o n  of  DL-valine- 
l-14C (o r  L-valine-l-14C). 
e x h a l a t i o n  of  r a d i o a c t i v e  14C02) t o  the e x t e n t  o f  18% i n  30 min and 33% 
in 120 min (Table 8) i n  t h e  r a t .  This w i l l  n e c e s s i t a t e  the v e n t i n g  o r  
i s o l a t i o n  of the  11CO2 p r e s e n t  i n  a p a t i e n t ' s  b r e a t h  d u r i n g  scanning  
i n  o r d e r  t o  p r o t e c t  the personnel  performing the scan .  The r e s u l t s  o f  
a t o t a l  body r e t e n t i o n  s tudy  of  DL-valine-l-llC i n  rats are shown i n  
Table  9.  The t o t a l  l o s s  of  l a b e l  through the exhaled  b r e a t h  and u r i n e  
(and f eces )  measured 27% i n  30 m i n  and 48% i n  120 m i n .  

The amino a c i d  is  decarboxyla ted  (with 
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2. T o x i c i t y  

L-Valine, of course ,  is one o f  the e s s e n t i a l ,  n a t u r a l l y  o c c u r r i n g  amino 
a c i d s ,  and, as such ,  i t  is p r e s e n t  t o  the ex ten t  o f  2.4 (2.0-2.9) mg p e r  
100 m l  o f  normal human blood (16). Assumhg that b lood  comprises  7% of 
t o t a l  human body w e i g h t ,  t h e r e  i s ,  t h e r e f o r e ,  %118 mg o f  L-val ine in  the 
b lood  s t r eam of a normal 70 kg human. (We propose t o  a d m i n i s t e r  no more 
than a t o t a l  of 7 mg DL-valine p e r  70 kg s u b j e c t . )  

The LDsO of i n t r a p e r i t o n e a l l y  adminis te red  L-valine i n  rats is r e p o r t e d  
as 5.38 g/kg and t h e  D-isomer is repor t ed  as being even less toxic (17).  

A t  the dose level of  the drug w h i c h  w e  would use f o r  panc reas  imaging 
(0.1 mg/kg o r  less), we w o u l d  expec t  no t o x i c i t y ,  s i n c e  w e  w i l l  b e  below 
the LD50 v a l u e  by a f a c t o r  of a p p r o d m a t e l y  50,000.* 

o u t l i n e d  in this a p p l i c a t i o n  (see Appendix f o r  membership o f  committee 
and b i o g r a p h i c a l  material) . 

The ORAU/ORNL 
. Committee on Human S t u d i e s  has approved the use of DL-val ine- l - l IC as 

3. Radia t ion  Dosimetry 

Carbon-11 has a 20.4 m i n  h a l f - l i f e  decaying by p o s i t r o n  emiss ion  (99+%) 
t o  stable IlB, Because of i ts  s h o r t  h a l f - l i f e  the r a d i a t i o n  dose t o  
p a t i e n t s  w i l l  b e  minimal. As a guide i t  has been e s t i m a t e d  by the ORAU 
Radiopharmaceut ical  I n t e r n a l  Dosimetry Informat ion  Cen te r  (headed b y  
R. J. C l o u t i e r )  that  the complete decay o f  1 m C i  of DL-valine-l-llC 
uniformly d i s t r i b u t e d  i n  a 70 kg human, assuming n o  e x c r e t i o n ,  would 
produce a whole body r a d i a t i o n  dose of  0 .01  rads  o r  a t o t a l  o f  0.50 r a d s  
p e r  50 m C i  (the maximum proposed adminis te red  dose of DL-valine-1-l-k). 
Table  10 g i v e s  d e t a i l s  of the expected r a d i a t i o n  dose t o  v a r i o u s  organs  
in the human es t ima ted  from animal  da t a .  The MHSD, ORAU Medical  Radio- 
n u c l i d e  Committee h a s  approved t h e  use o f  DL-valine-l-llC from a 

?dtd’y SA,=> ,- s t andp o i n  t . 

7. 

/ b.  Previous  Marketing: 

This  %labe led  drug has n o t  been marketed be fo re .  

c. Drug Combination: 

DL-Valine-l-% is  n o t  a combination o f  prev ious ly  marketed drugs.  

LAEEL AND INFORMATIONAL MATERIAL: 

The label t o  b e  used w i t h  DL-valine-l-llC w i l l  have  the fo l lowing  f o r n :  

DL-VALINE-1-11~ (FOR I .v. INJECTION) 

Assay m c i / m l  as of 
Volume m l :  Batch No. 

Exp i ra t ion  Time 
C A l T I O N  : INVESTIGATIONAL NEW DRUG 
CAUTION : RADIOACTIVE PIATERIAL 

I 

Oak Ridge Assoc. Univ., Oak Ridge, Tn. 

* The d a i l y  minimum d i e t a r y  requirement f o r  L-valine i n  man is 800 mg. 
This amount of L-valine is given in t r avenous ly  t o  p a t i e n t s  on t o t a l  
p a r e n t e r a l  a l i m e n t a t i o n  (Aminosol 5%, page 502-503, PDR 1976) .  
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The i n v e s t i g a t o r s  p r e p a r i n g  and a d x i n i s t e r i n g  t h i s  drug a re  worlcing i n  
c l o s e  c o l l a b o r a t i o n  i n  the same i n s t i t u t i o n .  The re fo re ,  no formal. 
in format ion  mater ia l  w i l l  b e  prepared;  however, each p a r t i c i p a n t  w i l l  
of  course  b e  i s s u e d  a copy of this a p p l i c a t i o n .  

8. SCIENTIFIC T R A I N I N G  AKD EXPERIENCE OF INVESTIGATOKS : 

The sponsor  cons ide r s  the chief i n v e s t i g a t o r s ,  a l l  o f  whom are suppor t ed  
by coinpetent a s s o c i a t e s ,  t o  be exceedingly w e l l  q u a l i f i e d  f o r  t h i s  
research. 
Hayes, H;;bner, Washburn, and Nieland. 

See b i b l i o g r a p h i c a l  material  i n  t h e  appendix about  D r s .  Andrews, 

9 .  PROGRESS OF THE IhTESTIGATION: 

The progres s  of  t h e  i n v e s t i g a t i o n  and ev idence  o f  s a f e t y  and e f f e c t i v e -  
n e s s  of t h e  drug w i l l  b e  eva lua ted  by G. A. Andrews, R. L. Hayes, 
K. F. H a n e r ,  and t h e  sponsor ,  C .  C .  Lushbaugh, Ph.D., M.D., Chairman 
of the OR4U Medical and Heal th  Sciences Div i s ion ,  w i t h  a d v i c e  from t h e  
ORAU Medical Advisory C o r n i t t e e  and the ORAU/ORNL C o r n i t t e e  on Human 
S t u d i e s  (see a t t a c h e d  lists and b iog raph ies  i n  the Appendix). 

' 

10. CLINICAL STUDIES 

Phases I and 11, c l i n i c a l  pharmacology, i n  this s t u d y  w i l l  c o n s i s t  of  
obse rva t ions  on the metabolism and t o x i c i t y  of DL-valine-l-llC t o g e t h e r  
w i t h  p re l imina ry  obse rva t ions  on the rad iopha rmaceu t i ca l ' s  pancreas- 
l o c a l i z i n g  p r o p e r t i e s .  

P a t i e n t s  (30) f o r  this s tudy  w i l l  b e  mainly those  r e f e r r e d  by 
D r .  Reid Collmann, a g a s t r o e n t e r o l o g i s t  from Knoxvi l le ,  Tennessee. 
Other p a t i e n t  v o l u n t e e r s  w i l l  b e  r e c r u i t e d  from p a t i e n t s  in the Oak 
Ridge H o s p i t a l  and sur rounding  h o s p i t a l s .  They w i l l  b e  s e l e c t e d  f o r  
ev idence  of  p o s s i b l e  p a n c r e a t i c  d i sease ,  i .e . ,  symptoms and l a b o r a t o r y  
f i n d i n g s  s u g g e s t i v e  o f  p a n c r e a t i c  carcinoma and/or  having  a d i a g n o s i s  
of  ch ron ic  a l c o h o l i c  p a n c r e a t i t i s .  This l a t t e r  group o f  p a n c r e a t i t i s  
p a t i e n t s  shou ld  p rov ide  a s u f f i c i e n t  number of  n e g a t i v e  s u b j e c t s  f o r  
us t o  develop r easonab le  c r i t e r i a  f o r  t h e  characterist ics of  the normal 
p a n c r e a t i c  s c a n  wi thou t  r e s o r t i n g  t o  n o m 1  vo lun tee r s .  The DL-valine- 
l - l l C  s t u d y  is  expec ted  t o  cover  a pe r iod  of 1-1/2 t o  2 yea r s .  
a d u l t  s u b j e c t s  w i l l  b e  s t u d i e d .  
tha t  t h i s  i s  an  exper imenta l  procedure,  t h a t  i t  might have  some t o x i c  
effect (al though w e  know of no s p e c i f i c  t o x i c i t y  t ha t  is a t  a l l  l i k e l y )  
and t h a t  t h e  procedure  w i l l  cause a r a d i a t i o n  dose of  approximately 
1 . 6  t o  4 r ads  t o  t h e  pancreas  and approximately 0.2 t o  0.5 r ads  t o  the 
whole body when between 20 and 50 m C i  o f  DL-valine-l-llC a re  adminis te red .  
No DL-valine-l-llC doses w i l l  b e  given wi thou t  t h e  informed consent  of  
the p a t i e n t .  S u b j e c t s  incapable  of g i v i n g  an  informed consent  w i l l  b e  
excluded from the s tudy .  A copy of t he  informed consen t  form i s  a t t ached .  

Only 
Each  p a t i e n t  w i l l  b e  f u l l y  informed 

For dosimetry purposes  and t o  determine op t ima l  t iming  of scanning ,  b l o o d  
levels  of r a d i o a c t i v i t y  will b e  determined a t  f r e q u e n t  i n t e r v a l s  d u r i n g  
the f i r s t  1. t o  1-1/2 hours  a f t e r  i n j e c t i o n  of the rad iopharmaceut ica l .  
Add i t iona l  i n fo rma t ion  f o r  r a d i a t i o n  dose estimates w i l l  b e  ga the red  by 
whole body coun t ing  and de termina t ion  of the r a d i o a c t i v i t y  e x c r e t e d  i n  
t h e  ur ine .  

1 

t O 4 8 q V l  
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Since the proposed d i a g n o s t i c  doses  a?pear w e l l  below any t h a t  could 
cause  chemical t o x i c i t y  from t h e  DL-valine o r  d e t r i E e n t a 1  r a d i a t i o n  
e f f e c t s  from t h e  l l C  p r e s e n t ,  we w i l l  s t a r t  our s t u d i e s  us ing  t h e  f u l l  
d i a g n o s t i c  dose (0.71 mCi/kg) , b u t  u s ing  p a t i e n t s  s t r o n g l y  suspec ted  of 
p a n c r e a t i c  d i sease  who are, however, considered t o  b e  i n  good gene ra l  
cond i t ion .  C a r e f u l  obse rva t ions  of p u l s e  a n d  blood p r e s s u r e  w i l l  b e  
made dur ing  t h e  f i r s t  5 doses given.  A t  l e a s t  two phys ic i ans  w i l l  b e  
p r e s e n t  du r ing  the  f i rs t  c l i n i c a l  t r ia ls .  

The fo l lowing  l abora to ry  tests w i l l  b e  done both b e f o r e  and 24 hours  
a f t e r  i n j e c t i o n  of t h e  radiopharmaceut ical :  
u r i n a l y s i s  and p lasma ‘hemoglobin. 

complete b lood  count ,  

I f  any abnormali ty  i n  c l i n i c a l  o r  l abora to ry  obse rva t ions  is seen ,  
a p p r o p r i a t e  follow-up s t u d i e s  w i l l  be  c a r r i e d  ou t .  I f  the abnormali ty  

. appears  s e r i o u s p e  w i l l  s t o p  a l l  f u r t h e r  c l i n i c a l  t r ials and immediately 
not iEy t h e  Food and Drug Adminis t ra t lon .  

Expired C02 from p a t i e n t s  r e c e i v i n g  DL-valine-l-llC (see Table  8) w i l l  
b e  t r apped  i n  a s h i e l d e d  C02 adso rban t  con ta ine r  t o  p r o t e c t  t h e  scanning  
personnel .  
w i l l  b e  determined by comparing t h e  a c t i v i t y  i n  t h e  C02 adso rben t  
c o n t a i n e r  with an  a l i q u o t  of the DL-valine-l-lk dose given t h e  p a t i e n t .  

11 

A t  t h e  t e rmina t ion  o f  t he  s tudy  the p e r c e n t  e x p i r e d  l1C02 

The p r i n c i p a l  ques t ions  t o  b e  answered are: 

1. 
a t  the dose levels proposed? 
2. W i l l  t h e  uptake of DL-valine-1- C i n  the  human pancreas  b e  s u f f i -  
c i e n t  t o  pe rmi t  p a n c r e a t i c  imaging? 
3 .  For purposes  of r a d i a t i o n  dosimetry,  what i s  the blood c l ea rance  , 

rate and e x c r e t i o n  p a t t e r n  f o r  DL-valine-l-llC i n  humans? 
4 .  

A r e  t h e r e  any unsuspected t o x i c  e f f e c t s  o f  DL-valine-l-llC on humans 

11 

What i s  t h e  optimum dose and scanning  t i m e  f o r  pancreas  v i s u a l i z a t i o n ?  

11. The sponsor  w i l l  n o t i f y  the Food and Drug Adminis t ra t ion  i f  t h e  i n v e s t i -  
g a t i o n  i s  d iscont inued ,  and the reason  f o r  i t .  

12. The sponsor  w i l l  n o t i f y  the i n v e s t i g a t o r s  i f  a new drug a p p l i c a t i o n  is  
app roved . 

13. There are no p l a n s  f o r  s e l l i n g  t h i s  drug; Oak Ridge Assoc ia t ed  U n i v e r s i t i e s  
is  a n o n p r o f i t  co rpora t ion ,  and o u r  i n t e r e s t  is only  i n  t h e  b a s i c  and 
i n t r o d u c t o r y  c l i n i c a l  r e sea rch  phase of t h i s  work. 

14. The sponsor  w i l l  n o t  pe rmi t  i n i t i a t i o n  of c l i n i c a l  s t u d i e s  of DL-valine- 
1 - l l C  p r i o r  t o  30 days a f t e r  the d a t e  of r e c e i p t  of n o t i c e  of this 
a p p l i c a t i o n  by t h e  Food and Drug Adminis t ra t ion.  
t o  wi thhold  o r  t o  restrict  c l i n i c a l  s t u d i e s  i f  r eques t ed  t o  do s o  by t h e  
Food and Drug Adminis t ra t ion  p r i o r  t o  t h e  e x p i r a t i o n  of such  30 days. 

H e  a l s o  w i l l  cont inue  
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Table  1 

Tissue D i s t r i b u t i o n  of DL-Valine-l-llC and DL-Valine-l-I4C i n  the Dog 

A f t e r  In t r avenous  Admin i s t r a t ion .  

Commercial 14Ca DL-Valine-l-llC 
DL-Valine-1- P r e p a r a t i o n  

T i s s u e  (30 min p o s t i n j e c t i o n )  (2 h r  p o s t i n j e c t i o n )  

Pancreas  

Liver 

Spleen  

Kidney 

Lung 
Muscle 

b P e r c e n t  Adminis tered Dose/g 

0.100 2 0.015 0.087 

Pancreas- to-Tissue Con c . R a t  i o  

6.36 t 1.11 7.80 

8.64 2 1.18 12.04 
4.65 5 0.43 - 

12.89 2 1.56 - 
- 7.97 2 0.75 

S m a l l  ,rites t+.ie 4.39 2 0.85 4.78 

- Marrow 11.99 f 3.49 
Blood 9.64 5 0.42 14.79 

Thymus 8.09 - + 1.18 

Adr en a1 5.73  2 0.72 
U r i n e  0.39 5 0 . 1 4  

Heart 8.80 - + 1.08 

Lymph node 4.62 5 0.89 

a 

- 
- 
- 
- 
- 

Average of  4 a n i m a l s  2 S.E. 
Normalized t o  a body we igh t  of  10 kg. 
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Table 2 

T i s sue  D i s t r i b u t i o n  of D L - v a l i ~ ~ e - l - ~ ~ C  and DL-Valine-l-llC i n  t h e  Rat 

at 30 Minutes Pos t i n j  e c t i o n .  

I1 Comer c ia1 DL-Val ine-  1- C 
DL-Valin e-l- 14ca P r e p a r a t i o n  T i s sue  h 

" 
Percen t  Administered Dose/g 

Pancreas  

Liver 

Spleen 

Ki h e y  

Lung 
Muscle 

Mar row 

Small  i n t e s t i n e  

Blood 

6.47 2 0.64 5.61 

Pancreas-to-Tissue Conc. R a t i o  

9.8 5 0.2 
12.5 Ifi 1.9 
12.0 2 1.3 
15.3 5 1.8 
33.2 5 5 . 2  

7.8 2 0.6 
5.7 2 0.5 

20.3 5 4.0 

9.1 
10.2 

9.8 
14.7 
26.8 

9.2 
7.5 

29.1 

a Average of 4 animals  2 S. E. 

Normalized t o  a body weight  of 250 g. 
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' Table 3 

Ef fec t  of Time on the T i s s u e  D i s t r i b u t i o n  of DL-Vz~l ine- l -~~C (0.021 mg/kg) i n  

the R a t .  

Tissue Percen t  Adminis tered Dose/g 
a 

30 min 60 min 15 Min 

Pancreas 

Liver 

Spleen  

Kidney 

Lung 

Muscle 

Marrow 

Small  intestine 

Blood 

5.84 5 0 .34  

0.67 5 0.02 

0.68 - + 0.03 

0.68 2 0.03 

0.54 - + 0.03  

0.24 5 0.01 
0.77 2 0 .04  

1 .14  - + 0 .04  

0.46 5 0.06 

6.47 2 0 .64  

0.66 5 0.06 

0 .54  - + 0.05 

0 .54  - + 0.01 

0.43 - + 0.01 

0.21  - + 0.03 

0.82 5 0.03 

1.14 - + 0.06 

0.34 2 0.03 

6.86 - + 0.10 
0.55 5 0.01 
0.58 - + 0.03 

0.55 - + 0.01 
0.35 5 0.01 
0.16 - + 0.00 

0.81  - + 0.02 

1.03 5 0.07 

0.27 - + 0.01 

a Average of 4 animals - + S . E . ;  normal ized  t o  a body weight  of 250 g. 
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Table 4 

E f f e c t  of C a r r i e r  DL-Valine on the T i s s u e  D i s t r i b u t i o n  of DL-Valine-l-14C 

in t h e  R a t  a t  30 Minutes P o s t i n j e c t i o n .  

a Pancreas lTissue  Conc. Ra t io  
T i s sue  0 .021  mg/kg 1.0 mg/kg 5.0 mg/kg 

L i v e r  

Spleen 

Kidney 

Lung 

Muscle 

Marrow 

Small  intestine 

Blood 

9.8 5 0 . 2  9.7 2 0 . 4  9.6 rfr 0.6 

12.5 - + 1.9 10.1 5 0 . 3  1 0 . 3  2 0.6 

12.0 5 1.3 9.7 rfr 0 . 3  11.0 20.6 

15.3 - + 1.8 13.8 5 0.6 15 .3  - + 0.6 
33.2 5 5.2 29.5 - + 2.0 27.9 - + 2.3 

7.8 - + 0.6 8.2 5 0.6 8.1 2 0.4 

5 .7  5 0.5 4.5 5 0 . 3  6.6 - + 1.6  

20.3 5 4.0 24.5 5 1.2  24.5 - + 1 .7  

a Average of 4 animals 5 S . E .  
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Table 5 

Tissue  D i s t r i b u t i o n  of  DL-Valine-l-14C (0.027 mg/kg) 

i n  t h e  Hamster a t  30 Minutes P o s t i n j e c t i o n .  

T i s s u e  Pancreas /Tis sue Con c. R a t  i o  

L ive r  13.0 - + i . 3  

Spleen 10.6 5 1 . 4  

€5 dney 6.8 1 . 7  

LuIvl 17.6 2 2.2 

Mus cle 33.8 5 4 . 3  

Marrow 6.2 2 0.2 

Elood 23.3 5 2.8 

Small i n t e s t i n e  8.7 - + 1.6 

a 

Average of 4 animals  5 S.E.  a 
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Table  6 

T i s sue  D i s t r i b u t i o n  of DL-Vzline-l-14C (0.027 mg/kg) 

i n  t h e  Rabbi t  a t  30 Minutes P o s t i n j e c t i o n .  

Tissue Pancreas lTissue  Conc. R a t i o  a 

Liver 

Spleen 

Kidney 

Lung 

Muscle 

S m a l l  i n t e s t i n e  

Marrow 

Blood 

Thymus 

Adrenal  

Heart 

Lymph node 

4.7 - + 0.8 

3.1 5 0.4 

3.2 5 0.5 

4.3 - + 0.7 

14.7 5 1.8 

2.3 2 0.2 

6.0 2 1.5 

4.8 2 0.7 

5.1 2 1.0 

4 . 3  5 0.8 

5.5 - + 0.8 

3.6 - + 0.4 

a Average of 4 animals  2 S.E. 
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T a b l e  7 

Tissue  D i s t r i b u t i o n  of DL-Valine-l-14C (0.021 mg/kg) 

a t  30 Minutes P o s t i n j e c t i o n  i n  R a t s  Bearing the Morr i s  

5123C Hepatoma. 

T i s  s ue 

Tumor 0.79 5 0.05 

Pancreas  3.92 2 0.40 

Liver 0.65 5 0.05 

Spleen 0.88 2 0.08 

Kidney 0.67 2 0.02 

Lung 0.62 2 0.06 

a Percent  Adminis tered Dose/g 

Muscle 0.19 5 0.01 

0.97 2 0.05 Marrow 

Small  intestine 1 .28  - + 0.09 

Blood 0 . 3 3  2 0.01 

Average of 4 animals  2 S.E.; normalized t o  a body 

weight  of 250 g. 

a 
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Table 8 

Rate of Decarboxylat ion of DL-Valine-l-14C and L-Va l ine -d4C 

by Male Buffalo rats. 

T i m e  (min) Cumulative Percent  Exhaled as 14 CO2 a 

DL-Valine-1- 1 4 C  L - V ~  1 be-d4 c 
5 

10 

15 

30 
45 

60 

90 

120 

2.5 

6 . 3  

9.8 

18.2 

24 .1  

28.1 

31.74 
34.1 

2.7 

6.3 

9.7 
17.7 
23.0 

25.8 

29.8 

31.4 

a Average of two animals. 
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Table 9 

T o t a l  Metabol ic  Loss of DL-Valine-l-llC by Male 

F i s c h e r  Rats as C02 11 

II Time (min) % Adminis tered C Los t  4- S.E. 

1 5  12.6 5 1.2  

27 .1  2 0.8 30 
60 41.3 5 1.1 

90 44.5 2 0.5  

48.1 5 1.0 120 

1 0 4 8 9 7 1  
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Table 10 

Est imated Radia t ion  Dose From DL-Valine-l-llC t o  
a 

Organs i n  Man. 

T i s sue  Radlat ion Dose ( rads)  /50 m C i  

Pan cre as 

Liver 

Spleen 

Kidney 

Lung 
Mus c le  

S m a l l  i n t e s t i n e  

Bone marrow 

Adrenal 

Ovary 

Testis 

4.00 

1.10 

0.95 

1.20 

0.85 

0.65 
1.60 ' 

0.65 

1.15 

0.50 
0.42 

a Based on 30-minute t i s s u e  d i s t r i b u t i o n  i n  the  dog 

fo l lowing  in t ravenous  admin i s t r a t ion  of DL-valine- 

l - 1 4 C  (0.027 mg DL-valine/kg) assuming no f u r t h e r  

change i n  d i s t r i b u t i o n .  
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Fig. 1 Scan o f  a normal mongrel dog s t a r t e d  40 min a f t e r  I . V .  
i n j e c t i o n  of DL-valine-l-llC. 
pancreas  l5at w a s  obta ined .  

Note v i s u a l i z a t i o n  of 

F ig .  2 Anger camera p o s i t r o n  image of r a t  30 m i n  a f t e r  
a d m i n i s t r a t i o n  of DL-val?ne-l-'k. 
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I n t e r n i s t ,  D i r e c t o r  of C l i n i c a l  App l i ca t ions  
U n i v e r s i t y  of Michigan, A.B. ,  1940 
U n i v e r s i t y  of Michigan, M.D.,  1943 
Tennessee 
I n t e r n a l  Medicine, Nuclear Medicine 
Soc ie ty  f o r  Experimental  Biology and Medicine; American 
Assoc ia t ion  f o r  Cancer Research; American Thyroid Assoc ta t ion ;  
Soc ie ty  of Nuclear Medicine; Southern Soc ie ty  f o r  C l i n i c a l  
Research; American Medical Assoc ia t ion ;  American Assoc ia t ion  
f o r  t h e  Advancement o f  Science;  American Fede ra t ion  f o r  
C l i n i c a l  Research; Fellow, American Col lege  of  Phys ic i ans  ; 
American S o c i e t y  of Hematology (1968);  Heal th  Phys ics  
Soc ie ty ,  E a s t  Tennessee Chapter ;  Tennessee Academy of Science;  
Tennessee Blood C l u b  

A. Ber t r and  B r i l l  
Assoc ia t e  P r o f e s s o r  of  Medicine and Radiology, V a n d e r b i l t  
School of Medicine 
G r i n n e l l ,  A. B., 1949 
Unive r s i ty  of U t a h ,  M.D., 1956 
Unive r s i ty  of C a l i f o r n i a ,  Berkeley,  Ph.D., 1961 
Tennessee 
American Assoc ia t ion  f o r  the Advancement o f  Sc ience ;  Soc ie ty  
o f  Nuclear  Medicine; Radia t ion  Research Soc ie ty ;  American 
Thyroid Assoc ia t ion  

Other I n d i c a t i o n  of Exper ience  and Competence: 
Medical D i r e c t o r ,  D iv i s ion  of Radio logica l  H e a l t h ,  
U. S. P u b l i c  Heal th  S e r v i c e ,  1957-1964, Rockv i l l e ,  Maryland 

N a m e  : Donald W. Goodwin 
P os  it i o n  : Mini s t e r ,  United Church, Chapel-on-the-Hill 
School: Bangor Theo log ica l  Seminary, Bachelor  of D i v i n i t y ,  1959 

Brown Unive r s i ty ,  Ph.D., 1965 
Menberships: Ministerial Standing,  United Church of C h r i s t  
A d d i t i o n a l  Member o f  v a r i o u s  boa rds  which change from t i m e  t o  t ime 

Informat ion  : 

Name : 
P o s i t  i o n  : 
Schools : 

P o s i t i o n s  : 

Memberships : 

I n t e r e s t s  : 

R. L. Hayes 
D i r e c t o r  o f  Radiopharmaceut ical  Development, Chief  S c i e n t i s t  
U n i v e r s i t y  of  North Caro l ina ,  B.S., 1944 
Unive r s i ty  of North Caro l ina ,  Ph.D., 1952 
S e n i o r  Chemist, U.S. Rubber Co., h’orth Caro l ina ,  1944 
U. S. Army, 1944-46 
OPdU Medical  Div is ion ,  1950 - p r e s e n t  
American Chemical Soc ie ty ,  Soc ie ty  of  Nuclear  Medicine, 
R e t i c u l o e n d o t h e l i a l  Soc ie ty  
Development of medical  r a d i o i s o t o p i c  agen t s ;  r a d i a t i o n  dosimetry 
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Schools : 

P o s i t i o n s  : 

Memberships : 

Naine : 
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Interests : 
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George 13. Hutchison 
Epidemiologis t ,  Michael Reese Hosp i t a l ,  Chicago, 66-present 
h r v a r d  Un ive r s i ty ,  A . B . ,  1943 
Harvard Un ive r s i ty ,  M.D. ,  1951 
Harvard Un ive r s i ty ,  M.P.H. , 1960 
F e l .  rnecl. Lahey Cl in . ,  52-55; asst. med. d i r .  Equi tab le  L i f e  
Assurance SOC., U.S., 55-56; Heal th  Ins .  P l an  Greater New 
York, 56-57; d i r .  res. Ci ty  Heal th  Dept., New York, 57-59; 
asst. p r o f .  epidemiol .  sch. pub. h e a l t h ,  Harvard, 60-61; 
a s soc .  p ro f .  61-66; consu l t ,  Heal th  Ins .  Plan Greater New York, 
57-present .  
Fel .  Am. Pub. Health Asn; Am. S t a t i s t .  Asn; World Ned. Asn.; 
Asn. Teachers Prev. Med. 

Karl F. Hzbner 
2 y e a r s  o f  c o l l e g e  ( last  2 y e a r s  o f  German "high school") 
195 2-5 4 
U n i v e r s i t y  of  Heide lberg ,  Germany, M.D.,  1959 
Sen io r  S t a f f  Member w i t h  c l i n i c a l  s t a f f  of t h e  ORAU Medical 
D iv i s ion ,  1971 t o  p r e s e n t  
Research Assoc ia t e  i n  Experimental  Immunology, ORAU Medical  
D iv i s ion ,  196 7- 70 
Res ident  i n  P e d i a t r i c s  , Unive r s i ty  of Tsbingen, Germany, 

Medical  School,  1964-67 
Res iden t  i n  C l i n i c a l  I n v e s t i g a t i o n ,  Oak Ridge I n s t i t u t e  of 

Euclear  S t u d i e s  (now O a k  Ridge Assoc ia t ed  U n i v e r s i t i e s ) ,  
196 2-6 4 

I n t e r n s h i p  ( r o t a t i n g )  a t  2nd General  H o s p i t a l  of t h e  U. S. 
Amy, and the 86th Tact ical  Hosp i t a l  of the U. S. A i r  
Force,  1960-61 

C l i n i c a l  immunology, t r ea tmen t  of n e o p l a s t i c  d i s e a s e s  of  t h e  
bone marrow and lymphat ic  system, w i t h  s p e c i a l  i n t e r e s t  i n  
i m u n  o t h e  r apy and t r ans p l a n  t a t i on iminunology . 

John Marsha l l  Johns ton 
P r o f e s s o r  of Biochemistry,  Un ive r s i ty  of T e x a s  (Southwest) 
Med. School,  Dallas, 1966-present 
B.A., Has t ings  Colorado, 1949; Ph.D., Colorado, 1953 
R e s .  Assoc., Walter Reed I n s t .  Res. 53-55; A s s t .  P rof . ,  
Univ. o f  Texas  (Southwest) Medical School, Dallas, 55-57; 
Assoc. Prof .  57-60; P r o f e s s o r  60-66; N a t .  Sc i .  Found. Sr .  
R e s .  Fe l . ,  Univ. Lund, 62-63; U.S.A.R. 5 3 5 5  
U S ;  Am. Chem. SOC.; SOC. Exp. Biol .  & Med.; Am. SOC. Biol .  
Chem. 

1 0 4 8 9 1 1  
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Melvin E. Roons 
Execut ive A s s i s t a n t  t o  P res iden t ,  Union Carbide Corpora t ion ,  
Nuclear D iv i s ion ,  Oak Ridge, Tennessec 
U n i v e r s i t y  of North Dakota, B.A. ,  1955; J u r i s  doc tor ,  1961. 
Admitted t o  p r a c t i c e  of law: 

North Dakota, 1961; Tennessee, 1964; F e d e r a l  Dis t r ic t  
Court ,  North Dakota, 1961; East Tennessee,  1964; U. S. 
Supreme Court ,  1966 

American B a r  Assoc ia t ion ,  P u b l i c  Cont rac ts  Sec t ion ;  F e d e r a l  
Bar Assoc ia t ion ,  Government Cont rac ts  Committee, R & D 
C o n t r a c t s  Subcommittee; Tennessee Bar Assoc ia t ion ;  North 
Dakota Bar Assoc ia t ion ,  Ward County, North Dakota, Bar 
Assoc ia t ion  

Robert  Lange 
Research Pro fes so r ;  A s s i s t a n t  D i rec to r ,  U n i v e r s i t y  of  
Tennessee Memorial Research Center  
Macalester College,  B . A . ,  1941 
Washington Un ive r s i ty ,  M.D.,  1944 
Tennessee,  Minnesota, Missouri ,  Georgia 
I n t e r n a l  Medicine 
American Assoc ia t ion  f o r  t he  Advancement o f  Sc ience ;  AMA; 
Knoxvi l le  Acad. Med.; Southern SOC. R e s . ;  C e n t r a l  SOC. 
C l in .  R e s . ;  h e r .  Co l l .  Phys i c i ans ;  I n t e r n a t i o n a l  SOC. of 
Hematology 

Thomas A. Lincoln  
D i r e c t o r ,  Health Div i s ion ,  Oak Ridge Na t iona l  Laboratory 
Macalester College,  S t .  Paul ,  Minnesota, B.A. (Chemistry),  
1946; U n i v e r s i t y  of Minnesota, Minneapolis,  Minnesota,  
B.S., 1949; M.D., 1950 
R o t a t i n g  I n t e r n s h i p ,  Ancker Hosp i t a l ,  S t .  Pau l ,  Minnesota,  
19 4 9-50 
Tennessee , Minnesota 
American Board of  P reven t ive  Medicine, by examinat ion,  
June 5, 1963 
Fellow I n d u s t r i a l  Medical Assoc ia t ion ;  P a s t  P r e s i d e n t ,  
Tennessee I n d u s t r i a l  Medical Assoc ia t ion ;  American Academy 
of Occupat iona l  Medicine ; American Medical Assoc ia t ion ;  
P a s t  P r e s i d e n t ,  Roan-Anderson County Medical Soc ie ty ;  
T r e a s u r e r ,  Board of  D i r e c t o r s ,  Oak Ridge Regional  Mental  
Health Cen te r  

Clarence  C. Lushbaugh 
Chairman, Medical and Heal th  Sc iences  Div i s ion ,  ORAU 
D i r e c t o r ,  Radia t ion  Emergency Ass i s t ance  Cen te r /Tra in ing  
S i t e  (FSAC/TS) 
U n i v e r s i t y  of Chicago, B.S.,  1938 (Anatomy) 
U n i v e r s i t y  of Chicago, Ph.D., 1942 (Pathology)  
U n i v e r s i t y  of  Chicago, N.D. ,  1948 (Pathology) 
Tennessee 
American Assoc ia t ion  for t h e  Advancement of Sc ience ;  American 
S o c i e t y  f o r  Experimental  Pathology;  Assoc ia ted  Researchers  
and Clinicians i n  Cancer; Soc ie ty  f o r  Experimental  Biology 
and Medicine ; Heal th  Physics  Soc ie ty ;  F,adiation Research 
S o c i e t y ;  Soc ie ty  of Nuclear Medicine; American Medical 
A s s o c i a t i o n ;  Tennessee S t a t e  Medical Soc ie ty  
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Memb e r s h i p  s : 

Leonard A .  Sagan 
I n  t e  ma l  !.Ie d i  c i n e ,  Research Adminis t r a t  i o n  
S tan fo rd ,  A.B. ,  1950 
Unive r s i ty  of Chicago, M . D . ,  1955 
Harvard,  M.P.H., 1965 
Dipl .  A m e r .  Board I n t e r n a l  Medicine; Fellow American 
College o f  Phys ic i ans  
La te  e f f e c t s  of r a d i a t i o n  

W i l l i a m  Harold S tone  
Genet ics ,  Immunology 
Brown U n i v e r s i t y ,  A . B . ,  1948 
Maine, M.S., 1949 
Wisconsin,  Ph.D., 1953 
Genet ics  SOC. ; SOC. Hurnan Genet ics ;  American Assoc. Immunology; 
T r a n s p l a n t a t i o n  S o c i e t y ;  Science Research S o c i e t y  Amer. A n i m a l  
Sc i ence  
Immunogenetics and immunochemical s t u d i e s  of  b lood  groups;  
immunoloa of  f e r t i l i t y  and s t e r i l i t y ;  t r a n s p l a n t a t i o n  and 
t o l e r a n c e  

John B. S t o r e r  
D i r e c t o r ,  Biology Div i s ion ,  Oak Ridge Na t iona l  Labora tory  
U n i v e r s i t y  of Chicago, M.D., 1947 
American Assoc ia t ion  f o r  Cancer Research; American S o c i e t y  
f o r  Exper imenta l  Pathology;  Rad ia t ion  Research Soc ie ty ;  
S o c i e t y  f o r  Experimental  Biology and Medicine; N a t i o n a l  
Counci l  on Rad ia t ion  P r o t e c t i o n  and Measurements 

Joseph F. Vollcer 
P r e s i d e n t ,  U n i v e r s i t y  of Alabama, Birmingham, Alabama 
I n d i a n a  U n i v e r s i t y ,  D. D. S. , 19 36 
U n i v e r s i t y  of Roches te r ,  A . B . ,  1938 
U n i v e r s i t y  of Rochester ,  M.S., 1939 
U n i v e r s i t y  o f  Roches te r ,  Ph.D., 1942 
Univ. Med. S c i . ,  Bankok, hon. D.Sc., 1967 
Univ. Lund, hon. D r .  Ontol. ,  1968 
U n i v e r s i t y  of Alabama, hon. D.Sci.,  1970 
Ind iana  Univ., hon. D. S c i . ,  1970 
Louis P a s t e u r  Univ., hon. D r . ,  1972 
Mem. U n i t a r i a n  Med. Teaching Mission, Czech., 1946, Ger., 1948 
S p e c i a l i s t ,  U. S. Dept. S t a t e ,  Thai land,  1951-. 
D i r .  Arizona Med. Sch. Study,  1960-1961 
Mem. I n s t .  Med. Nat. Acad. S c i . ,  1971 
Mem. Order  of White Lion, Czech, 1946 
Comdr., Order of Crown, 1959 
Fe l .  Royal Col. Surg. ,  1961 
Comdr., Order of  Falcon,  Repub. I ce l and ,  1969 
M A S ;  SOC. E x p l .  B io l .  and lied.; I n t .  Assn. Dent. R e s .  

1 0 4 8 9 1 9  
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Lee Cross 'Washburn 
Assoc ia te  S c i e n t i s t ,  Ned ica l  and l i ea l th  Sc iences  Div is ion  
Oak Ridge Assoc ia ted  U n i v e r s i t i e s  . 
Murray S t a t e  U n i v e r s i t y ,  B . A . ,  1968 
Vanderb i l t  Un ive r s i ty ,  1 9  72 
American Chemical Soc ie ty  
S y n t h e t i c  o rgan ic  chemis t ry ;  chromatography, rad iopharmaceut ica l  
t i s s u e  d i s t r i b u t i o n  s t u d i e s  ; r a d i o p r o t e c t i v e  drugs 

Bruce W. Wieland 
S c i e n t i s t ,  Medical and Hea l th  Sciences Div i s ion ,  Oak Ridge 
Assoc ia t ed  U n i v e r s i t i e s  
Iowa S t a t e  U n i v e r s i t y ,  B.S., 1960 
Ohio S t a t e  U n i v e r s i t y ,  Ph.D., 1973 
S o c i e t y  of  Nuclear  Medicine 
Product ion  and u t i l i z a t i o n  of sho r t - l i ved  pos i t ron -emi t t i ng  
i s o t o p e s  f o r  n u c l e a r  medical  a p p l i c a t i o n s .  Development of 
h o t  c e l l  equipment f o r  t he  s y n t h e s i s  of l a b e l e d  compounds. 
I so tope  imaging i n s t r u m e n t a t i o n ,  i n c l u d i n g  co inc idence  
d e t e c t i o n  and computer r e c o n s t r u c t i o n  techniques  for 
tomography. 

Joan B. Woods 
P s y c h i a t r i s t ,  Oak Ridge Mental Health Center  
Un ive r s i ty  of Chicago School of  Medicine, B . S .  and M.D., 1960 
Tennessee 
American Board of  Psych ia t ry  and Neurology 
American P s y c h i a t r i c  Assoc ia t ion  
American Medical Assoc ia t ion  and S u b s i d i a r i e s  
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MEDICAL AND HEALTH SCIENCES DIVISION 
ON: FCLDGE ASSOCIATED UNIVEPSITIES 

O a k  Ridge, Tennessee 

Consent f o r  Experimental  T e s t  

I a u t h o r i z e  the p e r f  o r m n c e  upon 
(myself o r  name of p a t i e n t )  

o f  t h e  fo l lowing  test: 
f o r  pancreas  v i s u a l i z a t i o n .  

Phase I rad iopharmaceut ica l  tests of DL-valine-l-"C 

The n a t u r e  and purpose o f  the test ,  t h e  r i s k s  involved ,  and the possi-  
b i l i t i e s  of compl ica t ions  have been exp la ined  t o  m e .  
test is n o t  a t r ea tmen t  f o r  my d i s o r d e r  no r  is  i t  b e i n g  done p r i m a r i l y  f o r  
my b e n e f i t ,  rather t h a t  the tes t  i s  f o r  exper imenta l  purposes.  
I Gnderstand t h a t  any in fo rma t ion  gained from doing this  test  becomes t h e  
p rope r ty  of ORAU and may b e  pub l i shed  i n  the s c i e n t i f i c  l i t e r a t u r e  a t  the 
d i s c r e t i o n  of  t h e  s t a f f  of t h e  Medical and Hea l th  Sc iences  Div is ion ,  Oak 
Ridge Assoc ia ted  Universities. 

I unders tand  that  this  

Fur ther ,  

DATE 
( P a t i e n t  o r  person au tho r i zed  t o  consent  f o r  
p a t i e n t )  

WITNESS : 

I have  t a l k e d  with about  t h e  proposed 
t e s t  t o  b e  given i n c l u d i n g  the fol lowing:  

1. This  i s  a new r a d i o a c t i v e  drug: DL-Valine-l-llC. 

2. The drug con ta ins  the r a d i o a c t i v e  i s o t o p e  'IC and a n  o r g a n i c  chemical i n  
q u a n t i t i e s  much less t han  those  r e q u i r e d  t o  produce any measurable chemical 
e f f e c t  i n  the body. P a t i e n t  shou ld  f e e l  no e f f e c t  from the drug. 

3. The r a d i a t i o n  dose w i l l  b e  approximately 0.25-0.5 r a d  t o  the whole body. 

4 .  Blood samples (2 m l )  w i l l  b e  drawn a t  i n t e r v a l s  du r ing  a pe r iod  of  
1-1/2 hours  a f t e r  a d m i n i s t r a t i o n .  

5. 

6. 

Whole body counts  and s c a n s  w i l l  b e  made over  a 2-hr pe r iod .  

The p a t i e n t  may withdraw from the test a t  any t i m e .  

DATE : 
Inves t i  ga t o  r 



MEMORANDUM 
Berger, Dr. Ray Hayes 

DATC Mnrrh IQ ? Q 7 &  

- - 'M-eeting of Medical Radionuclide Committee 

File 
d U B  J LET 

cowm m --- -- 

Attached you w i l l  find three proposals for consideration by the Medical 
Radionuclide Cormnittee. 
have any questions. 

P l e a s e  look them over and let m e  know i f  you 

I w i l l  call a meeting of the Committee during the week of March 15,  1976, 
for formal consideration of these proposals. 

W i l l i a m  D .  Gibbs 

WDG : dgb 

1.0 4 8 9 8 2 
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NEDICAL I?N)IOXUCLIDE COX-fIiTEE 
Medicnl Division 

Oak R i d g e  Associated Universities . 
&i 

DESCRIPTIOH: Flourine-18 .as flouride ion in saline solution. Oral administtation - 
for skeletal imaging. 
accordance with the attached package insert. 

The dose will not exceed 4 millicuries i n  

c 

. .  . The Committee approves with the following lhitat ions:  

Radiopharmaceutical may- may n o t L  be administered to patients under 
18 years of age. 

Radiopharmaceutical .may may no t i b e  addnistered to pregnant--pfie&.: 
- .  

Other: Radiopharmaceutical to be administered in accordance with package 
t insert supplied with the radiopharmaceutical. . .  

The Committee disapproves f o r  the following reasons: 
- _  17 . -  

Lw 

BEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Proposal does - does not - require approval of Cornnittee on €!unan Studies, 



Description 
Tirir solution con:oin: nu.corrier.odd4 fluoririr. 18 os thi. fluo!;dt 
ion in isitonic sodium chloride solulioli. The "F i s  prod(iccrl by 
bimbordrrirnt of neon g n i  by deuterium pvrticles occelrrotrd in 
5 cyc!otron. The nudeor reaction i s  '5Nc(d, n )  l rF .  The product i s  
s:g*ntiolly corricr free; Ihc only known source of nonrodiooc:;ve 
fluoride ion present i, that found in  ths 2;itillzd *.'utet ond soline 
so!utions used in preporing th;s produ:t. 

Actions [Clinirol Pharmo:oloyyi 
Following its introvenous odniinistrot;on " f  fluoride ropidly 

equ;;ibrotes, primarily within the catrocc!Iolor fluid spoct, from 
where i t  i s  repidly clrored by depusitiort in  bone and excretion 
into urine. Deporitioti of "F fiuoridv in  bone cppcors to b e  pri. 
mori!y o function o! blood flow :u thc bone oiid the efiicicncy c f  
the bone in extrocting the "F iton> the blood perfusing the boqe.' 

Fluoride ions do not oppeor to be bound to serum proteins, 
and the cleoronce of I5F from the b l s d  i s  rapid.' 

In potients with normol renol fuiictioil, 233, or more o! the 
"F i s  cleared from the hady in the urine Mithin the f i r s t  two 

hours ofter i t s  introvenous odminir!rotion.: Subsrqucntly, small 
ornounti o f  "F continue IO be exc re te r !  in t h z  urine further din&. 
isliing "F sctivity ir. sof! tissues o! thy body. 

' IF normally occum.ilotei in the sir leion in o iymiiie!r;tal 
forhion. ond wi th  greotrr dvpgsition in the ox io l  skeleton (e 5.. 
vrrtebroe ond pelvis) thon in thc oppettdiculor skeleton ond in 

bones uround ioint: t h n  in the shc!ts of long bones.  In- 
a i d  deposition oround io ic t t  co:t occur in orthritis ond fol- 

-wing !:ourno o n d  ir.cre?scd de?osi!ion in  bQne has hren noted 
around fro:ture sites, in orleamyeliris, fibrous dysplasio, sparBdy- 
litis tuberculoro, Pogel's ditccBsc, hyperstasis frgntolis interno, 
rnyssi:is ossificon; a n d  in ropidly Growing epiphyses. The tend. 
m c y  !or "i  to  ociunrulote in  the vicini:y of primory o n d  mcio. 
sto!i: rns1;3noncy in  bove hat  proven clinicolly useful i r i  dete:tion 
of such lesions.' 

Indicotions 
lrF i s  used os o bone imaging ogc::t 13 :;rfiiir oreos of olterad 
ottccacnic octivity. 

Contraindications 
None. 

Wornlngs 

"F should not be o:tmini,tc.rd I:, p : c ? i i i n t  ..omen, /;ah!r 
to be prrgiwnt, in li;:to*ion, or in  p r t ~ t c ~ : :  ;*der 15 ye.:!; c! og? 

unlesc the bene!;!, ID by Ijuitled ou! . ; i ig i i  tire r:st,s, R U ? : ~ .  
p+ormc-ceut;colr produced in u nuci..ur I C J C ~ O ,  or pos~ac:c u : c c I .  

c r o t i r  should be used on!y by f>!iysiciz:>s v 1 1 3  o,c quulified by 
s?cc;fi: 1:oininy in ! i i c  so!c use in hondlina o! rudioisolo;,c; ot:d 
whisc crpericntv urid I r c i3 i ing  !ivs been oppr?icsd by thr oppro. 

priote governmenrot :ioon:r c>L,:tloriivc 1.3 I;:cfise :h* c:e  of 
rodionu;Edes. , 

Prccoutians 
Tht policnt Lhoulrl t,r* ci3:ouiriyrii 1: < ! r t . > L  (Iuidr immt~dvc:c~iy 
Liefore und !ollow;iqy cdnii,ni:t#o!ir,t tr iyw ' - i  prr .p~.~: ;er>.  To 
minimize rodkt ion dns- :o : h o  L ! : ~ i l ~ l . .  :, ti , . )  "u*;cn:  shov!i  v i i l  
oie.ho;i  how: coftcr cdminib:*;:!i*>ri J !  I;).. "i clnd os oftrir I ! : : . v ~ .  
of ter  05 i s  lJo%sit !e,  Voiding i n i n i c : : ~ o ~ , . : ~  p;;c; to im,ying ' a ?  
4i:tribur;on in the p*lr.is i s  r ~ : r ) n m  t i .  In  I!,? u.c of cB,\y 

"~~hormoc~:u!i :c~! corc thouici b:, tctl*:n te injure mininium 
.oticn cxposurc to  patiwt  or12 c r ! !  pi~r,on,rcl inrulvcd i n  t i l t  

prstedure by using tlw :m,.!k;t d.>w o! ruiiiou:rivntj cur:siAtsot 

with safety oird re13:iv- votue of db.,gqo>Ii: in!o:mutign. 

Advtrse Zeocrions 
t . l i  od,eoe reoct;on: were n s t c d  in u,cr  .:!'O poli+Gl* ,tudir; 
reported in the mcdi:ol III~I~IUIC. 

0, = 0.13C (assuming 5'0 bu:ks:ottcr) 

- 10.56 A 10' 
DL (v .- --- j 13.5:7) = 0.08 rods ( 70,000 
- D e  . ., (wholc body) = 0 ! 1 - 0.OE L- '2.19 r d s  for 2 rnCi of ' * F .  

I 0 4 8 48 tl . .  . 



Dora:e 
The cisre of l8F used in o given potient should be minimircd 
consistent with the objectives of the study, ond the noture Of 

the radiotion latrc'ion devitas employed. Sotisfoctory studies 
havr been reported following odministrotion of betwsen 0.5 
and 2.0 mCi of "F activity odminirtcrcd inrrovenourly. How- 
ever, i t  hor been estimoted that use of even 4.0 mCi of 18F re- 
rultr in a col:uloted whole body todiotion dose one-sixth of 
+hot orsocioled wi:h the use of opproxirnotely 100 ltCi of *%r. 
I t  i s  r.comrnenderl tho, the dose of ')F used in o given study not 
exceed 4 mCi. The p d e n t  should b r  instructed :o ingcst copious 
ampunts of fluid immediotrly prior oqd subsequent to the od- 
ministration of IaF. i he  potient should void one-holf hour oftcr 
adrn;&tro*ion nf "F ond nr freqir-ntlt thereoitcr as possible. 
Imaging of the ''F con begin one to two hours ofter odministro- 
tian of the laF, however, the longer the imaging procedure i s  
delayed, the greater will br the ratio of activity in bone to thot 
in soft tissue. The potimt should be instructed to void imme- 
diotely prior to imoging the 'IF activity in the lumbar spine or 
bony pelvis. 

In the post, "F has been mort corninonly odministcred intra- 
venously. However, some inve,tigotors have reported sotisfoc- 
tory rerults follouing orol odministrotion. 

Dosimetry 
"F decoys with o physicol holi-life of 109.7 niinuter (1.828 hrs.). 
97% of the dewy results in emission of o positron with o maxi. 

*m energy of 0.635 M e V  and 3% of dic dczoy rcsultr in &e- - copture with subsequent emission of chorocteristic X-royr of 
oxygen. Tho bane end bone morrow ore considered the torgrt 
ond critical orgonr ond the absorbed rodiotion dose to these 
orsons and the whole b d y  can be  cc i l cu l~ t~d  using the obiorbed 
froction method usin3 the followina equotion: 

D ! v - v ) = - ~  Di@i(v+-v) 
- i. P 

m. i 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Div is ion  

Oak Ridge Associated U n i v e r s i t i e s  

PROPOSAL NO. 76-4 D r .  Karl Hcbner PERSON SUBMITTING PROPOSAL 

DESCRIPTION : 

w' 

1311 sodium r o s e  bengal  i n  s te r i le  s o l u t i o n  f o r  i n j e c t i o n  f o r  de te rmina t ion  of 
l iver func t ion  and liver imaging. 
microcur ies ;  n o t  t o  exceed 3 mic rocur i e s  p e r  ki logram of body weight.  

The usua l  dose w i l l  range from 25 t o  200 

The Committee approves w i t h  t h e  fo l lowing  l i m i t a t i o n s :  

Radiopharmaceutical  may- may not - I' b e  adminis tered t o  p a t i e n t s  under 
18 years  of age. 

d 
Radiopharmaceutical  may- may n o t  I/ b e  adminis te red  t o  pregnant  p a t i e n t s .  

Other: 

a The Committee disapproves f o r  t he  fol lowing reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Proposa l  does does n o t  / r e q u i r e  approval  of Cormnittee on Human S tud ie s .  
W.- 

L I  

Human Stud ies  approval  g ran ted  on 



.- 

W 

rn 
r! Thla n d l o p h a r w c e u t l c a l  i s  licenacd by the U.S. Nuclear  R e ~ u l ~ t ~  - Commission for distribution fo pcraona l icenacd pur8uant to Seclionr 

35.14 and 35.100 G r w m  1 t n d  I1 of 10 CFR Pan.35 or under equiv'i- 
lent licenaea of A#rec&ni Stacea. 

D 

SODIUM ROSE BENGAL I131 INJECTION 

DESCRIPTION 

Sodium Rose Bengal I 131 Injection is a sterile. pyrogen-free aqueoua 
solution cont8 in iw 0.031. sodium chloride, 0.97, benzyf alcohol as a 
preservative. and approximately 0.17. sodium biphosphate and 0.4% 
sodium phoaphato aa buffers. Sodium hydroxide or hydrochloric acid 
may be preacnt for pH adjustment. 

ACTIONS 

Following p r e n t e n l  adminiatration. sodium roae bengal 1-131 accumu. 
latea in the polyponal ce l la  of the liver and i s  excreted via the biliary 
ryatem pimarily into the  intestines. With nurkcd irnpainnent of liver 
function sodium rose bcngal 1-131 i s  excreted via the kidneys. 

INDICATIONS 

Sodium Roae Bengal I 131 Injection ia indicated as diagnostic ard 
in determination of the l iver function and liver imel;inp. 

CONTRAINDICATION5 

None. 

WARNINGS 

Thia radiopharmaceutical agent should not be administered to p t i e n t r  
who am pregnant or during lactation unlesa the information to be 
gained outweigh. the potential hazard.. 

1 



SODIUN ROSE BENGAL I131 INJECTION 
, 

Radwrion Yeon Percent P.t Dse.nreglol8a 

:deally. eumimtiona using ndiophamceut icela .  8specLlly those 
elective in mture, of a women of childbearing capebility should bo 
wrfomod d w b g  the firet few (approximetely 10) deya following the 
xu.1 of mensee. 

iedlophamucemicala should be used only by phyaiciana who are pwli-  
( id  by sp.clf& training in the mfe we end handling of ndionuclidea 
x d u c e d  by nuclear m c t o r  or prticle accelentor  end whose ex- 
xr i ence  end mining have been epproved by the appropriate government 
agency authorired to licenee the use of redionuclidea. 

Yeon Energy (he V )  

RECAUTIONS .) 

+dministration of h u t i v e  after the procedure will minimize the 
adiation ebsorbed dose. 

i s  in the uae of any other radioactive material care should be taken to 
’Laun minimum radiatron expoaure to the petrent. conairtent with 
roper patient manegement. and to inaure minimum radiation exposure to 
ccupntional workers. 

Bet.-1 
Bet..? 
Beta4  
G e m m e d  

4DVERSE REACTIONS 

:o prevent poasible photoaenaitivity. patients who have received large 
.oaee of roae bengel. p ~ i c u l r l y  “blocking dose.” for imeging should 
e inatructed to avoid direct amlight or ultreviolet light for 24 hours. 

+tienta should elao be a w e n  of the possibility of coloration of their 
:oola from the dye. The ua* of thia type of preperation ahould be care- 
. ~ l l y  conaidered in patients known to be seneitive to iodidea, although 
:o acute allergic reactions have been reponed. 

I .6 70. I 
6.9 95.5 

90.4 191.7 
83.3 364.5 

’0. W M D  ADMINISTRATION 

Jdium Rose Bengal I 131 Injection ia administered intrevsnoualy for 
3th liver function teat. and liver imeging. 

‘or liver frrrction test. the usual doae is 10-25 microcuries. 

‘or liver imaging, the u a w l  doae for tbe avarage petient (70 kg) ia 
0-3.0 microeuriea per kilogram of body weight. To retard the excretion 

3te. a blockhg do88 (100 mg) of non-redioactive roae k n g a l  may be 
:ven iatravenoualy about 10 minute. prior to ataninq the procedure. 

‘ke p t i e n t  dose ahould be meesured by a suitable radioectivity cali- 
-.tion aystem immedistely prior to adminiatration. 

Pcvcenr 
Dave Remoinrno 

HYSICAL CHARACTERISTICS 

dim-I31 decaya by bote end gmnme emiaaiona with a physical half- 
!e of 8.05 days? Photons that are uaeful for imaging studies ere 
rted in Teble I. 

3 i l i nm.  L. f.. Radionuclide Decay Schemes and Nuclear Paran.i.n 
ar U.e in R8di~llon-Dose Estimation. SuDplement No. a .  MIRD Damphiel 
bo. 4 .  J. Nucl. W e d . .  P .  26,  1060. 

2 

Percent Percent 
Day. Rmtawaino 

SODIUM ROSE BENGAL I 1 3 1  INJECTION 

-7 IG2. 
-5  153. 
-3 129. 
-2 118. 
-1 108. 
0. 100. 
1 91.8 
2 84.2 
3 77.2 
4 70.8 
5 65.0 
6 59.6 

B Caltbmnon dav 

shown in Table 11. 

7 54.8 
8 50.2 
9 46.1 

10 42.3 
I 1  38.9 
12 35.6 
I3 32.6 
14 29.9 
I 5  27.5 
16 25.2 
17 23.1 
18 21.2 

19 19.5 
20 17.9 
21 16.4 
22 15.0 

24 12.7 
25 11.6 
26 10.7 
27 9.8 
28 9.0 
29 8.2 
30 7.6 

23 13.a 

RAD1 ATION DOSI YE TRY 

The estimated abaorbed radl t ion doaea’ to an average petient (70 kg) 
from an intravenous injection of e maximum doae of 210 microcurica of 
sodium roae bengal 1-131 are shown in Table Ul. 

’Method of Cslculalion: A Schema lor Abmorbed Dose Calculation. lor 
~ i o l o a i c 8 l l ~  Di.1ribul.d Radionuclides. SuDclemrnl No. 1 ,  WlRD Damph- 
le1 No. I .  J. N u s l .  .Wed.. D. 7 .  1S68. 

3 



SODIUM ROSE BENGAL I 1 3 1  INJECTION 

T h l a  111. Radiation Dosms 

A baorbcd Rodtotion Do8c 
(?ads/PIO pCaJ 

Liver 0.25 
Testes 

Whole-body 

HOW SUPPLIED 
Catalog Number 

1 1 0  Sodium Rose Bengal I 131 Injection i s  available st s 
concentration of approximately 100 micr~uries /mi l l i l i ter  
and apeclfic activity of approximstely 300 microcuries/ 
milligram 08 of the time of standmrdization. 

I 

R 12/73 
I/ 

WCW-70232 Printed in U.S.A. 



SPEC. GELvMA 

EXPO RATE 
1317245 
126546 
121 5737 

-1167993 
1 1 22 1 49 
1078 127 

*I035856 
*ti39952639 
09 562847 
e9 188 533 

*888234177 

*Q)8  15238 1 
*07834@22 
087 520279 
67234648 
g69 52 644 
PI 6 6 t3 1 8 P) 2 
0 642 167 6 

*r?6171837 
0 59 3 1 87 3 
@ 57 0 1 392 
0 54880 13  
QJ 52 67 37 4 

00 50 63 12 5 
B 48 669 3 1 

004678472 
8 A497439 
04323536 

m 4 a 3 m  4 

I048941 

COL‘JSTAaQT FOZ 1-125 I S  a1566445  X R / H h - N C I  A T  1 METER 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical  and Health Sciences Division 

Oak Ridge Associated Universit ies 

PROPOSAL, NO. 76-5 d. PERSON SUBMITTING PROPOSAL Karl F. Hcbner, M.D. 
a .  

DESCRIPTION : 

Selenium-75 
Dose w i l l  be not more than 3.5 microcuries per kilogram of body weight (not t o  exceed 
250 microcuries). 

Selenmethionine i n  steri le solut ion f o r  in jec t ion  f o r  pancreas imaging. 

Administration w i l l  be by intravenous injecton. 

The Committee approves with the  following l imi ta t ions  : 

Radiopharmaceutical may- may not  c/ be administered t o  pa t i en t s  under 
18 years of age. 

Radiopharmaceutical may- may not- /be administered t o  pregnant pa t ien ts .  

Other: 

a The Committee disapproves for  the following reasons: 

Human Studies approval granted on 

I O 4 8 W  



MALLINCKRO 
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0 0 Commission for distribution to perrons lleensed purIU8nt to 2 
; 

This adiophmrm8crutic8l is l icensed by tbc U.S Atomic Ewrgy 

section8 31.14 rad 3S.100 Group I1 of 10 CPR Psn 35 or under 
equivalent licenses of Agreement States. 

- 
B 

SELENOMETHIONINE Se 75 INJECTION 

D ESCRl PTlON 

Selenomethionine Se 75 Injection is supplied a s  a s ter i le  non-pyrogenic 
aqueous solution containing 0.9% benzyl alcohol a s  a preservative. The 
solution is made isotonic with sodium chloride and may contain hydro- 
chloric. acid or sodium hydroxide for pH adjustment. 

ACTIONS 

Selenomethionine is an  analog of the e s sen t i a l  amino acid,  methionine, 
in which the sulfur atom is replaced by a selenium atom. After intra- 
venous administration, Selenomethionine Se  75  is localized in a l l  
organs involved in active protein synthesis  and is incorporated into 
newly synthesized proteins. A relatively high degree of uptake is 
found in the pancreas and i s  related to rapid rate of Synthesis of diges- 
t ive enzymes in this organ. The  peak of pancreatic activity is ob- 
served within the first  half hour after intravenous administration. 
Significant uptake afso occurs in the liver and proximal small  intestine,  
a s  well a s  several  other t issues .  

I NDI C A T 1 0  NS 

Selenomethionine Se  75 is indicated for pancreas  scanning a s  an  aid in 
the diagnosis  of suspected pancreatic d i sease .  

CONTRAINDICATIONS 

None. 

1 



SELENOMETHIONINE Se 75 INJECTION 

f t n d z o r ~ o n  

Gamma-4 16.4 
Gamma-5 55.5 
Gamma-7 58.6 
Gamma-8 25.2 
Gamma-IO 13.0 
Kux-rays 47 5 

~ r o , ,  p r w  ,.nt p ,  * , I , , , , , t , , ~ , r o ~ ~ , , , ,  

WARNINGS 

This  radiopharmaceutical should not be administered to patients who 
are  pregnant or during lactation unless the information to be gained 
outweighs the potential hazards. 

Ideally, examinations using radiopharmaceuticals. especially those 
elective in nature, of a woman of childbearing capability should be 
performed during the first  few (approximately 10) days following the 
onset 01 menses. 

The transplacental transport and long biologic half-time of this agent 
may result in significant radiation exposure to the fetus.  Since Sele- 
nomethionine Se 75 is secreted, in milk during lactation, .formula feeding 
should be substituted. 

Radiopharmaceuticals should be used only by physicians who are  
qualified by specific training in the safe use  and handling of radio- 
nuclides produced by nuclear reactor or particle accelerator and whose 
experience and training have been approved by the appropriate govern- 
ment agency authorized to l icense the use of radionuclides. 

near1 Kit, 7o.1 rh. I I 

121.1 
135.9 
264.5 
279.5 i 
400.5 10.5 I 

P R E C A U T I O N S  

As in the use  of any other radioactive material, care should be taken 
insure minimum radiation exposure to the patient, consistent with 
per pstient management, and to insure minimum radiation exposure 

Fast ing prior t o  administration of Selenomethionine Se 75 may enhance 
hepatic uptake of the agent which may result  in degradation of pan- 
creatic image quality. 

w occupstional workers. 

Duva 7, R ,  naatn'nu 

-1 0 105.9 
- 5  102.9 
0' 100.0 
5 97.2 

10 94.4 
1 5  91.7 
20 89.1 
25 86.6 
30 84.1 
35 81.7 
40 79.4 
45 77.1 
50 74.9 
55 72.8 

ADVERSE R E A C T I O N S  

Adverse reactions have no; been reported following the administration 
of Selenomethionine Se 75 Injection. 

DOSAGE A N D  ADMINISTRATION 

The suggested dose range of Selenomethionine Se 75 for imaging of 
the pancreas i s  125 to 250 microcuries (1.8 to  3.5 pCi/kg of body 
weight) administered intravenously. 

The patient dose should be measured by a suitable radioactivity cali-  
bration system immediately prior to administration. 

D o u s  S Rt muintrig 

60 70.7 
65 68.7 
70 66.8 
75 64.9 
80 63.0 
85  61.2 
90 59.5 
95 57.8 

100 56.2 
1 os 54.5 
110 53.0 
115 51.5 
120 50.0 
125 48.6 

P H Y S I C A L  C H A R A C T E R I S T I C S  

Selenium-75 decays by electron capture with a physical half-life of 120 
days The primary gamma enzrgy i s  265 keV. 

' D i l l m e n . ,  L. T. RaclionuvIidv I>or,n) 8x.hr.ma.- i i i i i l  V u a , l * * a r  Par;rmclt.rs 
lor Use in R a d i a t i o n  DCDCP E ~ t i n i i ~ i i o i i .  Strupla.n,<.nt Yen. 2, UIhU piLmphlt.t 
No. I. J .  N u r : l .  ,Mvd., p 2 0  I!$li!# 

SELENOMETHIONINE Se 75 INJECTION 

Table  II. Physical Decoy Chart; selenium-75, holf- l i fe 120 days. 

R A D I A T I O N  DOSIMETRY 

The estimated absorbed radiation doses' to an average 70 kg patient 
from an intravenous injection of a maximum dose of 250 microcuries of 
Selenomethiontne Se-75 are  shown in Table 111. 

2 J 
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Kidney (1) 
Kidney (r) 
Liver 
Ovaries 
Pancreas 
Spleen 
Tes tes  
n y r o i d  
Whole-body 

SELENOMETHIONINE Se 75 INJECTION 

fab le  I l l .  Radiation Doses 

A bsorbcd Radiatton Dose 2ls.d. 

(rads/P.fiO pCi) 

2.25 f 0.25 
5.25 2 0.75 
5.75 2 0.75 
6.25 2 1.0 . 
1.25 f 0.25 
3.00 +- 0.5 
4.00 f 0.5 
2.75 f 0.5 
1.50 f 0.25 
2.00 f 0.25 

HOW SUPPLIED 
Cstnlog 
Number 

160 Selenomethionine Se 75 Injection. Available at a concentration 
of approximately 100 microcuries per milliliter in vials con- 
taining 250 microcuries and 1000 microcuries (1 millicurie). 

4/74 
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SUMMARY OF CURRENT RADIATION DOSE ESTIMATES 

TO HUMANS FROM 

SUMMARY OF ESTIMATED ABSORBED DOSES 
FROM A SINGLE INTRAVENOUS ADMINISTRATION 

OF ~S.-L-SELENOMETHIONINE ( 1 )  

Abrorbod dose’ 
Tirruo (mmd/pCi 3 0  injectod) 

Blood  (wholo) 9 - C l  

Kidnoy [rightJ 23 k 3 
Livor 25 2 4  
Ororior 5 2 1  
Ponrreor 1 2 2 2  
Sploon 1 6 2 2  
Tortor 1 1 k 2  
Thyroid 6 2 1  
Total body 8’1 

Kidnoy (loft) 21 f 3  

Colculatod mlm f l  r.d. The rtandord dcriotion wor 
computod from standard doriotionr of tho cumulotod OC- 

liritior and tho cmRciontr of variation of tho obsorbod 
fractions. 

This report summarizes the contents of MIRD 
I Pamphlet 9 entitled “Radiation Dose to Humans 

\II/ from 75Se-~-Selenomethionine’’ ( I  ). 

RADIOPHARMACEUTICAL 
Selenium-75-~-selenome~ionine can be produced 

by chemical or biological synthesis. When intrave- 
nously administered, the method of preparing the 
compound does not influence the total-body reten- 
tion of administered as L-selenomethionine, 

NUCLEAR DATA 

The nuclear data are given in Table 1. 

W 

TABLE 1. NUCLEAR DATA 

Rodionuclido ’ *.k 
Physicof holf-lit. 120 day8 
Docoy constant 0.000240 hr” 
Mod. of &coy Elodmn coptum 
Principal photons: €1 (MOW ni 

El, onorgy 
no, moon number/dir 0.0106 0.91 

0.1211 0.164 
0.1359 0355 
0.2645 0.586 
0.2795 0.252 
0 . m  0.130 

?hotonr with a moon numbor of photons per dirintegm- 
tion of gmater thon 0.05 or. lirtod. 5.0 Id. 2, p. 20 for 
compkto compilotion. 

January 1973 

BIOLOGICAL DATA 

Six institutions contributed data collected from 
40 subjects of whom ten were normal controls, Seven 
had parathyroid adenoma, twelve had various types 
of carcinoma, and eleven had miscellaneous or un- 
specified diseases. 
Of the total administered 75Se, corrected for radio- 

active decay, the excretion is estimated to be 80% 
in the urine, 15% in the feces, 4% via hair, nails, 
and skin, and 1% via expired air. These estimates 
are based on measurements of these substances as 
well as on total-body counting measurements. Quan- 
titative urinary and fecal excretion recoveries were 
obtained in five patients for periods up to 12 days. 
Total-body retention data obtained from measure- 
ments of 24 patients in total-body counters were 
supplied by four institutions. Three of the 24 sub- 
jects were counted for less than 3 days, and the 

TABLE 2. BIOLOGICAL PARAMETERS DESCRIBING 
THE DISTRIBUTION FOR 73Se FROM A SINGLE 

INTRAVENOUS ADMINISTRATION OF 
‘~S.-L-SELENOMETHIONINE’ 

Biological diroppsomnco conitontr, X j  (hr-’) 

Xi = O.OS23 XI = O.WO63 Aa = OAoOl3 

Fmction of administered %e octirity 
per orgont 

Tirsuo fa fn fD 

Bloods 
Pot 
Ronol 

Reno1 

Liror 

Murclo 
Ororin t.2) 
Poncroor 
Skin 
Spleon 
Torter (9 
Thyroid 
Total body 

corticor (2) ’ 

medulloo (2) 

Lungs fa 

0.065 
0. 

0. 

0,010 
0.092 
o m 0  
0.20 
0. 
0.m60 
0.031 
0.0048 
0. 
0. 
0.14 

0.086 
0.020 

0.021 

0.0054 
0.14 
0.029 
0. 
0.00018 
0.00067 
0.055 
0.0093 
0.00076 
o.oO04o 
0.44 

0.035 
0.024 

O.OOO78 

0.00074 
0.0099 
0.0027 
0.25 
0.00004 
0.0002 I 
0.0061 
O.WO48 
0.00016 
0.00026 
0.42 

Adapted from Table 8-1, p. 25 of Rof. 1. 
t Tho oqon marrer of MIRD Pomphlot No. 5 woro urod (3). * Two odditionol compononts aro roquirod to describe tho 

distribution of mSo in blood. Thoso componontr or. fa  = 
0.21 1 ,  XI = 6.64 hr”, ond fa = -0.205, Aa = 0.636 hr-’) 
p. 14, Ref. I .  

104899b 
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MIRD DOSE ESTIMATE REPORT: i f i S ~ - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  . . 

W 

(00 o... 

* 0. .a 
4 0. .0. 

300 01.. e00 0.- 

FIG. 1. Estimoled percent of injected %e, corrected for ro- 
dioocfirc decoy, in organs of body at voriour times after single 
introvenous iniection of "Se-l.ielenomelhionine ( I ) .  

remaining subjects had the last count made between 
64 and 923 days. Based on the total-body retention 
and excretion measurements, 13.1 -C 2% ("best 
fit" parameter k standard deviation) of the injected 
'%e has a biological half-time of 0.55 2 0.12 days, 
44.3 f 7% has a biological half-time of 46 11 
days, and 41.9 k 8% has a biological half-time of 
220 zk 31 days. 

Calculations based on '%e in whole blood, plasma, 
and red blood ceIls were made using data obtained 
from three patients studied up to 466 days which 
agreed well with previously published reports from 
several investigators. The concentration of was 
determined in 128 specimens of tissues from 23 pa- 
tients collected at four laboratories either at surgery 
or autopsy over an interval between 0.02 and 361 
days. All tissue data were normalized to 70-kg body 
weight. Figure 1 summarizes the estimated distri- 
bution of in various organs of the body at 1, 
10, 100, 300, and 600 days after the intravenous 
injection of i5Se-L-selenomethionine. The "other" 
catcgory indicated in Fig. 1 represents approxi- 
mately 20% of the body mass and consists of or- 
gans for which tissue samples were not taken. 

ABSORBED-DOSE ESTIMATES 

The cumulated activity used to calculate the doses 
to specific organs is based on the fraction of the 
administered "Se deposited in the organ, f,, and 
the biological disappearance constants, AJ, for the 
tissues listed in Table 2. The same three biological 
elimination constants were used for all tissues ex- 
cept blood. The organ masses of MIRD Pamphlet 
No. 5 were used (3). 

The absorbed fractions used in these calculations 

were obtained for the cgmplete %e photon spec- 

from MIRD Pamphlet No. 5. These are tabulated in 
Table B-3 of Ref. 1. 

In Appendix B of Ref. 1 ,  the calculations of the 
absorbed dose to the liver from different source tis- 
sues are given to illustrate the methods of calcula- 
tion used by the MIRD Committee. In Appendix C 
of Ref. 1, the error considerations are given for 
these dose estimates. 

trum instead of from interpolated values ' derived 
) 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Division 

Oak Ridge Associated Un ive r s i t i e s  

L/ 
1 PERSON SUBMITTING PROPOSAL Karl F. HGbner, M.D. PROPOSAL NO. 76-6 

DESCRIPTION: DL-TRYPTOPHAN [ s i d e  ~hain-3-'~C] (llC-DL-TRYPTOPHAN) 

We propose t o  use t h i s  new radiopharmaceutical agent i n  c l i n i c a l  s t u d i e s  f o r  v i sua l i za -  
qion of, the pancreas. Maximum dose pro- 
posed i s  0.429 m C i  per kilogram of body weight. (See Table 10 f o r  r a d i a t i o n  dosimetry) 

The I N D  w e  have submitted t o  FDA is attached. 

The Colrmittee approves wi th  the  following l i m i t a t i o n s :  

Radiopharmaceutical may- may not  /be administered t o  p a t i e n t s  under 
18 years of age. 

Radiopharmaceutical may- may n o t  &e administered t o  pregnant p a t i e n t s .  

Other: 

a The Committee disapproves f o r  t h e  following reasons: 

APPROVAL DISAPPROVAL ABSENT DATE 

/- / L p ? ?  

t, /0/247Q 
v' '* Y ?/ 

Date 

= 
F 
# 
A3 
9 Acknowledgement of submi t te r  
oc) 

Proposal does I / d o e s  n o t  r equ i r e  approval of Committee on Human Studies.  

Human Studies approval granted on 



TO : 

Ident  No. 39 

APPLICATION FOR THE USE OF H W S  AS EWEPJMENTAL SUBJECTS 

ORAU/OILvL COMMITTEE ON HUMAN STUDIES 
Medical and Health Sciences Division 
Oak Ridge Associated Univers i t ies  

September 24, 1976 

P r i n c i p a l  Inves t iga tor :  Karl F. Hiibner, M.D. 

Co-Inves t i g a t o r s  : G. A. Andrews, M.D. 
R. T. Collmann, M.D. 
R. L, Hayes, Ph.D. 
L. C. Washburn, Ph.D. 
B. W. Wieland, Ph.D. 

T i t l e  of Project :  CLINICAL USE OF DL-TRYPTOPHAN[SIDE CHAIN-3-%] 
(11~-DL-T RYP TOPHAN) 

I. 

II. 

111. 

IV . 

V. 

Objectives of Experinent: 

The goal  of t h i s  proposed research is t o  carry o u t  i n  humans a Phase I 
i n v e s t i g a t i o n  of the use of llC-DL-Tryptophan as a p o t e n t i a l  pancreas- 
imaging agent. This work is being supported by N I H  Grant 1 R 0 1  CA 14669. 

Methods of Procedure: 

See 3, 4 and 5 i n  a t tached  IND appl icat ion.  

Poss ib le  Hazards and Their Evaluation: 

See 6-a-2 and 6-a-3 i n  a t tached  IND appl icat ion.  

Radionuclides and New Drugs : 

See 3 and 6-a-1 i n  a t tached  I N D  appl icat ion.  

Responsibi l i ty  of P r i n c i p a l  Invest igator :  

P a t i e n t  volunteers  w i l l  b e  r e c r u i t e d  from p a t i e n t s  i n  the Oak Ridge 
Hospi ta l  and surrounding hospi ta l s .  
from each p a t i e n t  (minors and a d u l t s  incapable of giving an informed 
consent w i l l  b e  excluded from the study). The consent form t o  b e  used 
is  a t tached  as an appendix t o  this appl ica t ion .  No inducement w i l l  be 

An informed consent w i l l  be obtained 

1048994 
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o f f e r e d  t o  o b t a i n  voluntary consent. 
s p e c i f i c a l l y  f o r  the test w i t h  no promise of medical care. 

. w i l l  have knuwn o r  s t r o n g l y  suspected p a n c r e a t i c  d i sease ,  so that they  
s t a n d  t o  b e n e f i t  i f  procedure is success fu l ,  b u t  this will n o t  b e  used 
as an inducement t o  p a r t i c i p a t e .  

P a t i e n t s  w i l l  be r e c r u i t e d  
P a t i e n t s  

S t a r t i n g  Date: October 1976 

Co-Inves t i g a t o r  

DIVISION REVIEW: 

The a p p l i c a t i o n  descr ibed  above has been reviewed and approved. 
w 

O f f i c i a l  s i g n i n g  f o r  the I n s t i t u t i o n  : 

Signa t u r  

T i t l e  

I n s t i t u t i o n  Oak Ridge Associated U n i v e r s i t i e s  

Chairnan, Medical and Health Sciences Div is ion  

Date 9 / 2 9 / 7 6  
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NOTICE OF CLALXZD INVESTIGATLONAL EXEMPTION FOR A NEW DRUG 

Medical and Heal"& Sciences Division (MHSD) , O a k  .Ridge 

Assoc ia ted  U n i v e r s i t i e s  (ORAU), Oak Ridge, Tennessee 

11 11 
1. NAME OF DRUG: DL-TRYPTOPHANISIDE CHAIN-3- C ] ( C-DL-TRYPTOPW) . 

This drug w i l l  b e  adminis tered in t ravenous ly ,  d i s so lved  i n  a sterile, 
nonpyrogenic saline so lu t ion .  

2. COMPONENTS : 

a. 'IC-DL-Tryptophan ( a c t i v e  r ad ioac t ive  drug). 

b. DL-Tryptophan [nonradioact ive carrier ( s t ab le )  drug].  

C. Sodium ch lo r ide .  

d. Water. 

3. QUANTITATIVE COMPOSITIOB: Since the 'IC p r e s e n t  i n  l a b e l e d  'IC-DL- 
t ryptophan is r a d i o a c t i v e  ( T i p  llC = 20.4 m h ) ,  w e  cannot  state a 
completely exact r e l a t i o n s h i p  between the components of t h i s  p r e p a r a t i o n  
a t  the t i m e  of adminis t ra t ion .  From r a d i a t i o n  d o s i n e t r y  cons ide ra t ions ,  
however, w e  have d e t e m i n e d  that the maximum l l C  activity that will be  
adminis tered w i l l  n o t  exceed 0.429 m C i  p e r  ki logram o f  body w e i g h t  (a 
30 m C i  dose f o r  a 70 kg subject). The a c t u a l  amount of stable DL- 
tryptophan that w i l l  b e  adminis tered w i l l  b e  determined by the amount 
of 1 l C  used i n  l a b e l i n g  DL-tryptophan and also the t i m e  that  e l a p s e s  
from the t i m e  of llC-DL-tryptophan p repa ra t ion  t o  t h e  t i m e  of  i t s  
admin i s t r a t ion  to  the p a t i e n t .  The composition s t a t e d  below, t h e r e f o r e ,  
r e p r e s e n t s  the dosage l i d t s  t h a t  w i l l  b e  adhered t o  for  the coinponents 
i n  

a. 

b. 

C. 

d. 

this radioph arm ce u t i c a l  p repa ra t ion  : 

'lC-DL-Tryptophan: 
(30 m C i  t o t a l  f o r  a 70 kg sub jec t ) .  

DL-Tryptophan: 
t o t a l  f o r  a 70 kg sub jec t ) .  
adminis tered (a, a5ove) w i l l  b e  n e g l i g i b l e  compared t o  t h a t  of 
s t a b l e  DL-tryptophan. 

Sodium ch lo r ide :  
(210 mg t o t a l  f o r  a 70 kg s u b j e c t ) .  

Water: 
f o r  a 70 kg s u b j e c t ) .  

maximum of  0.429 m C i  p e r  k i logram of  body weight  

maximum of  0.1 mg p e r  ki logram of body w e i g h t  (7 mg 
The w e i g h t  of 11C-DL-tryptophan 

imximum of 3 mg p e r  ki logram of body w e i g h t  

maximum of  0 .5  m l  per  ki logram of  body weight  (35 m l  t o t a l  

1 0 4 9 0 0 1  
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4 .  SOURCE OF NEW DRUG SUBSTANCE: 

Reference should b e  made t o  the d e t a i l s  of synthesis and p u r i f i c a t i o n  
of 1 k - A C p C  ( IND 11848 dated 16 September 1975) and DL-valine-l-lk 
( I N D  12459 dated 1 2  May 1976) which are similarly prepared radiophanna- 
c e u t i c a l s .  
i n v e s t i g a t i o n  a t  MHSD, ORAU, s i n c e  November 1975 and July 1976, 

(l1C-ACPC and DL-valine-l-llC have been under cl inical  

respec t ive ly .  ) 

'IC-DL-Tryptophan will be  synthes ized  i n  the  p repa ra to ry  h o t  cel l  a t  the 
%-Inch Oak Ridge National Laboratory (0RNL)'s 22 Mev pro ton  cyc lo t ron  
complex using the following series of reac t ions :  

1% (p , n) l1CO / l1CO B2°3 

H2 > 11CH4 
N i ,  37OoC 

H%N 
11 P t ,  m3 

cH4 
9 00-950 OC 

0 
ll %- NH 

CH2CH ' I  
NH \\ 

0 

a- ' - c  

H 

NaOH 
A 

21oOc 

10 m i n  

m 

Step I 

Step  IL 

Step  111 

H 

NH2 

lad - c 
II 

H 

0 

Step 

Step V 
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11 TarRetry and Production of l1C07/ B2O3, prepared by 
h e a t i n g  H3BO3 (Fisher S c i e n t i f i c  Co. , F a i r  Lawn, N.J.) , is fused  onto  
a g raph i t e  s u b s t r a t e ,  which is  mounted i n  an aluminum annulus-type 
header. The annulus provides a water coolant flow of 15 liters/mh. 
The header assembly Is connected in t u rn  t o  a gas flow loop t h a t  has 
provis ions  f o r  on-line gas purge o r  r e c i r c u l a t i o n .  
loop is l oca t ed  in the remote con t ro l  prepara tory  h o t  c e l l  that is 
adjacent  t o  t h e  cyclotron. During bombardment, when He  (Lif-0-Gen I n c , ,  
Cambridge, Md.) is used as the carrier gas i n  the loop, a 1k02/11C0 
r a t i o  of approximately 4 is obtained. Outgassing o f  t a r g e t  llC a c t i v i t y  
i n t o  the gas flow loop during bombardment is approximately 50% complete. 
With a beam c u r r e n t  of 150-175 P A  approximately 3 C i  o f  usable 
11CO2/1ko activity are produced. 

Production of "CHt and H 
are produced by con tac t  c a t a l y s i s .  
i n t o  the cyc lo t ron  gas flow loop is mixed a t  the loop o u t l e t  w i t h  a 
50 ml/min H2 (Lif-0-Gen Inc.) stream and fed through a quar t z  tube con- 
t a i n i n g  N i  c a t a l y s t  on k i e se lguhr  (Ventron Alpha Products ,  Beverly, Mass.) 
h e l d  a t  a temperature of 370%. The output gas flow from t h i s  conversion 
(containing llCH4) is passed through a CaS04/NaOB t r a p  and then mixed wi th  
a 50 ml/min stream of anhydrous NH3 (Lif-0-Gen Inc.). 
then passed through another qua r t z  tube conta in ing  P t  c a t a l y s t  on alumina 
(Ventron Alpha Products) hea ted  t o  900-950°C t o  complete the conversion 
of 11CH4 t o  H1lCN. 

Synthesis of llC-DL-Tryptophan (Steps I V  and V) :  
11C-Dbtryptophan production run, a s t a i n l e s s  s teel  (type 316) pressure  
v e s s e l  having an i n t e r n a l  volume of 3 m l  and f i t t e d  w i t h  a needle  va lve  
is charged wi th  a mixture of 26.3 mg 3-indoleacetaldehyde b i s u l f i t e  
add i t ion  compound ( I C N  L i f e  Sciences Group, Plainview, N.Y.), 57.6 mg 
(NH4)2CO3 ( c e r t i f i e d  A.C.S., F i she r  S c i e n t i f i c  Co.), 5.4 mg NH4Cl and 
6 .5  mg KCN (both Baker Analyzed Reagents, J. T. Baker Chemical Co., 
Phi l l ipsburg ,  N. J.). 
bubbled i n t o  a gas absorption column conta in ing  1 m l  of 0.005 N NaOH. 
This s o l u t i o n  is then introduced i n t o  the  charged r e a c t i o n  vessel and 
the  c losed  vessel then r ap id ly  heated t o  210OC and maintained at t h a t  
temperature for  10 min, after which i t  is rap id ly  cooled. One m l  of 
6.25 N NaOH (F isher  S c i e n t i f i c  Co.) is then in t roduced  and the vessel 
aga in  heated a t  21OOC f o r  another pe r iod  of 10 n in .  

CO (Step I): 

The o u t l e t  of t h e  

11 CN (Steps 11 and 111): Both %H4 and €illCN . 
A 100 ml/min H e  stream in t roduced  

This mixture i s  

P r i o r  t o  the s t a r t  of a 

The gas stream from Step 111, con ta in ing  H l l C N  fs 

P u r i f i c a t i o n  of "C-DL Tryptophan: A f t e r  completion of Step V, the cooled 
r e a c t i o n  mixture is withdrawn remotely by means of a sy r inge ,  f i l t e r e d ,  
a c i d i f i e d  w i t h  2 m l  of 6N HC1, and then loaded onto  a 1.0 c m  (dia.)  x 
10 c m  ( length)  column conta in ing  Porapak Q, 150-200 mesh (Waters Associates,  
Inc.  , Milford, Mass.). (The column i s  prepared beforehand by soaking  the 
Porapak Q in acetone, loading  the column, r i n s i n g  w i t h  40 ml H20/gram of 
Porapak Q, and f i n a l l y  r i n s i n g  w e l l  w i t h  0 . 1  N HC1.) Af t e r  loading, t h e  
column is washed twice w i t h  0.1 N HC1 (2, 30 m l )  , once wi th  H20 (% 30 ml) , 
and e l u t e d  wi th  50% aqueous e thanol ,  t h e  process  be ing  monitored by means 
of a s h i e l d e d  gamma probe. The e l u a t e  is a c i d i f i e d  w i t h  2 cc of 6 N H C 1  
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1.0 crn (dia. )  x 15 cm ( length)  AG 5OV-X2, 50-100 mesh, c c t i o n  exchange 
bed (Bio Rad Labora to r i e s ,  Rockville Center,  N.Y.) in the hydrogen form. 
Cat ionic  11C-DL-tryptophan is re t a ined  while  a n i o n i c  Z t e r i a l  pas ses  
through the column, 
(Q 30 m l ) ,  t he  column is f i n a l l y  e l u t e d  w i t h  0.2 N h'aOI, the p rocess  
again being  monitored w i t h  a s h i e l d e d  g a m a  probe t o  ziiiLai.ze t h e  volume 
of e l u a t e  con ta in ing  the product  (Q 10  m l ) .  
i n  a s te r i le  b o t t l e  f o r  t r anspor t  t o  MHSD, ORAU f o r  f i n a l  processing.  

A f t e r  washing repea ted ly  w i t h  d i s t i l l e d  water 

This solrrzion is c o l l e c t e d  

.LA 
Assessment of Pur i ty .  The p u r i t y  of  the C-DL-tryptopha product  has 
been assessed  by thin l a y e r  chromatography ( t lc )  (EastrJaz Chromogram 
Sheet  13181, s i l t ca  g e l  w i t h  f luo rescen t  i n d i c a t o r )  using an n-butanol: 
water:acetic a c i d  (94:6':1, Y/v). so lven t  system and also by comparison of 
its t i s s u e  d i s t r i b u t i o n  i n  animals w i t h  those t h a t  h2.v~ previous ly  been 
obtained w i t h  commercially a v a i l a b l e  DL-tryp tophan- [ 3 s i &  chain-14CJ 
(New England Nuclear Corp., Boston, Mass.). P y r o g e n i c i q  tests of the 
11C-DL-tryptophan product  by  s tandard  USP techniques hzve been negat ive .  
There has a l s o  been  no i n d i c a t i o n  of  decomposition of llC-DL-tryptophan 
as the r e s u l t  of r a d i o l y s i s .  

"C-DL-Tryptophan (from a run sp iked  w i t h  K14CN p r i o r  to s y n t h e s i s )  gave 
a t l c  p a t t e r n  that w a s  similar t o  that of s t anda rd  14C-DT,-tryptophan w i t h  
no i n d i c a t i o n  of any i m p u r i t i e s  when the two t l c  p a t t e r n s  w e r e  viewed 
with a spa rk  chamber (Burchover Instruments ,  Ltd. ,  E-zncroft, England). 
Ninhydrin development of the t l c  chromatograms a l s o  gave s i n g l e  amino 
a c i d  s p o t s  w i t h  the s a m e  Rf values .  
examination of the f luorescence  on the chromatograms m d a r  u l t r a v i o l e t  
light. 

S imi l a r  r e s u l t s  were obta ined  upon 

Table  1 shows the t i s s u e  d i s t r i b u t i o n  a t  30 min p o s t i n j e c t i o n  i n  a series 
of f o u r  nale Buf fa lo  rats given llC-carboxyl-labeled DL-tryptophan. This 
may b e  compared w i t h  an analogous t i s s u e  d i s t r i b u t i o a  stc3y done us ing  
commercial 1%-carboxyl-labeled DL-tryp tophan. The resulrs of  the two 
s t u d i e s  agree w i t h i n  experimental  e r r o r .  
data.)  

(See Sec t ion  6 f o r  more animal 

5. METHODS, FACILITIES AND CONTROLS : 

11 The s o l u t i o n  con ta in ing  the p u r i f i e d  C-DL-tryptophan will b e  t r anspor t ed  
from the  ORYL cyc lo t ron  complex t o  MHSD, ORAU l o c a t e d  oil Tiance Road i n  
Oak Ridge ( t r i p  t i m e ,  6-8 min). After be ing  t r a n s f e r r e d  to a magnet ica l ly  
s t i r r e d  con ica l  beaker ,  the pH of the s o l u t i o n  w i l l  b e  ad:usted t o  
7.0 + 0.2 with 1 N HC1 us ing  a combination e l e c t r o d e  a2d ?9 meter. 
s t e m  of t he  e l e c t r o d e ,  when n o t  i n  use, w i l l  b e  s t o r e d  i n  0.9% benzyl  
a l coho l  and will b e  r i n s e d  repea ted ly  w i t h  s teri le water j e f o r e  each 
p repa ra t ive  use.) The s o l u t i o n  w i l l  then b e  f i l t e r e d  thrsugh a s ter i le ,  
nonpyrogenic 0.22 m i c r o f i l t e r  (Mi l l ipore  Corp., Bedfor?,  Mass.) i n t o  
a precapped, p r e s t e r i l i z e d  v i a l  (mult ipuncture  type,  I';̂ -oa:on G l a s s  Co., 
Millville, N . J . ) .  A p o r t i o n  of this s o l u t i o n  w i l l  b e  Eeszed  f o r  pyrogens 
us ing  the P y r o t e s t  Limulus Lysate technique (Difco Laba ra ro r i e s  , D e t r o i t ,  
M i c h . ) .  The s h o r t  h a l f - l i f e  of (20.4 min) p rec ludes  z e s t i n g  w i t h  
r a b b i t s  i n  the convent iona l  USP manner, and, a l though this  p a r t i c u l a r  
l i m u l u s  technique normally r equ i r e s  an hour  f o r  complet ioz,  i t  a c t s  as 

(The 
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a test fo r  gross pyrogenic contamination during the period of t i m e  
required for  t ransport  of the preparation t o  the s i t e  of adminis t ra t ion 
(2, 15 mtn). The test w i l l  become p a r t  of the record. 
tryptophan dose w i l l  b e  assayed f o r  rad ioac t iv i ty  content just p r i o r  t o  
administration by means of a Caphtec  CRC-10 radioisotope ca l ib ra to r  
(Capintec, Inc., Montvale, N.J.). (A previous preliminary i o n  chamber 
assay w i l l  have been made a t  the cyclotron f a c i l i t y . )  Each dose w i l l  
also be assayed f o r  i so top ic  contamination using a sodium iodide  de tec tor  
and a multichannel analyzer. 
w i l l  be made a p a r t  of the permanent record. 
UC-Dbtryptophan w i l l  f i n a l l y  be labeled as t o  its assay and t o t a l  
content (see Section 7) 

Preparation of each batch of llC-DL-tryptophan f o r  c l i n i c a l  use will be 
car r ied  out i n  a pos i t ive  pressure clean room equipped with v e r t i c a l  
laminar flow hoods having a i r  cur ta ins  (Envirco, Albuquerque, 
All glassware used w i l l  be p r e s t e r i l i z e d  by steam. 
DL-tryptophan w i l l  be given a batch number and a l l  p a r t i c u l a r s  r e l a t i v e  
t o  i t s  preparation and use w i l l  be  entered i n t o  a master log  book. 

Each IIC-DL- 

A photograph of the spectrum from 0-2 Mev 
The vial  containing the 

1- Each batch of k- 

6. STATEMENT OF INFORMATION AVAILABLE TO SPONSOR: 

a. Prec l in i ca l  Invest igat ions 

1. A n i m a l  s tud ie s  

All animal s tud ies  with 14C- and llC-carboxyl-labeled DIP 
tryptophan have been d i r ec t ly  supervised by L. C. Washburn and R. L. Hayes. 
G. A. Andrews and K. F. H;;bner have par t ic ipa ted  i n  the  evaluat ion of the  
data (see Appendix on Biographical Material) .  

The in se r t ion  of radioisotopic  l abe l s  i n t o  the i n t r i n s i c  s t r u c t u r e  
of organic compounds and b io log ica l  substances that have high a f f i n i t i e s  
f o r  spec i f i c  tissues is  an i d e a l  method of labeling, s ince  s t r u c t u r e s j  
are no t  altered.  The radionuclides l l C ,  I3N,  and 150 are all candidates 
f o r  use in label ing such agents f o r  nuclear medical diagnosis by scanning. 
Their decay is accomplished by photon emission i n  the form of posi t ron 
annihi la t ion rad ia t ion  which can be u t i l i z e d  f o r  conventional r e c t i l i n e a r  
scanning o r  f o r  coincidence detection techniques such as posi t ron emission 
t ransaxia l  tomography u t i l i z i n g  conputer reconstruction. This l a t t e r  
method is  an instrumentation technique tha t  may shor t ly  come i n t o  its 
own i n  nuclear medical technology (1) Of these three radionuclides,  
l l C  is the obvlous choice as a l a b e l  because of its longer 'ha l f - l i fe  
(20 .4  min), although, even with t h i s  radionuclide, rapid t i s s u e  d i s t r i -  
bution is necessar i ly  required of any radiopharmaceutical agent t h a t  is 
labeled with it. 

One of the most important diagnostic problems i n  nuclear  medicine 
is the  need f o r  a su i t ab le  agent f o r  pancreas imaging (2). 
of the pancreas is the fourth leading cause of cancer deaths i n  the 
United S ta tes  (3, 4). Approximately 22,000 new cases of cancer of the 
pancreas w i l l  be diagnosed i n  the United States, and 19,600 persons are 
expected to  die of the disease, irn 1976 ( 5 ) .  
been made i n  combatting t h i s  disease,  as evidenced by the present  5-year 
s u r v i v a l  r a t e  of 1.5% f o r  pa t i en t s  diagnosed as having pancreat ic  

Carcinoma 

Very l i t t l e  progress has 

t 049005 
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carcinoma, compared t o  1.0% in  1940 (6). 
t o  b e  due more t o  the lack of  r e l i a b l e  d i agnos t i c  techniques than t o  
the n o n a v a i l a b i l i t y  of adequate treatment procedures. 

This poor s u r v i v a l  rate seems 

me most r e l i a b l e  non-surgical diagnosis of p,?-ncreat.l.c carcinoma 
a t  the p resen t  time involves imaging the pancreas wi th  the radiopharma- 
c e u t i c a l  7ke-selenomethionine coupled w i t h  a 99mTc c o l l o i d  l iver scan  
t o  permit s u b t r a c t i o n  of i n t e r f e r i n g  r a d i a t i o n  from t h e  l iver  (7). 
However, %e-selenomethionine has a number of disadvantages a s soc ia t ed  
with its use ( 8 ) .  
Seleniunr75 has a long phys ica l  h a l f - l i f e  (120 days) and 75Se-selenomethioninc 
i n  tu rn  has  a long  b i o l o g i c a l  half-time (20 days). 
exposure of the  p a t i e n t  t o  r a d i a t i o n  f o r  a much longer  t i m e  than is requi red  
f o r  t h e . d i a g n o s t i c  procedure ( 8 ) .  
i n a b i l i t y  of the agent t o  c l e a r l y  de l inea te  neoplasms a s soc ia t ed  w i t h  t he  
pancreas. 
uniform from p a t i e n t  t o  p a t i e n t  and is  o f t e n  nonspec i f ic .  
percentages of b o t h  f a l s e  p o s i t i v e s  and f a l s e  nega t ives  are observed 
(9, 10). 

One problem is the high r a d i a t i o n  dose t o  the p a t i e n t .  

This r e s u l t s  i n  t h e  

The most acu te  problem, however, is the 

Uptalce of 75Se-selenomethionine even by a normal pancreas is n o t  
S i g n i f i c a n t  

A number of l abe led  amino a c i d  p repa ra t ions  have been i n v e s t i g a t e d  
as p o t e n t i a l  radiopharmaceuticals f o r  pancreas scanning (11-13), b u t  t h e  
biochemical behavior  of the r ad ioac t ive  l a b e l  genera l ly  d i f f e r s  g r e a t l y  
from that of the n a t u r a l  amino ac id .  This makes l l C  an obvious choice 
f o r  l a b e l i n g  amino a c i d s  f o r  p a n c r e a t i c  imaging, s i n c e  t h e  biochemical 
u t i l i z a t i o n  of the l a b e l e d  compound should b e  s imi la r  i n  magnitude t o  
that of the n a t u r a l  amino acid.  

S tudies  i n  t h e  mouse (14) and rat (13, 15) w i t h  14C-carboxyl- 
l abe led  DL-tryptophan have shown t h i s  amino a c i d  t o  b e  s u p e r i o r  t o  a l l  
o t h e r  n a t u r a l l y  occurr ing  amino acids w i t h  regard  t o  pancreas uptake and 
pancreas s p e c i f i c i t y .  W e  have compared the t i s s u e  d i s t r i b u t i o n  of 14C- 
l abe led  Dbt ryptophan  wi th  t h a t  of l4C-labeled DL-valine and DL-leucine, 
two o t h e r  amino acids w i t h  high pancreas s p e c i f i c i t y ,  and DL-tryptophan 
was found t o  b e  the most s e l e c t i v e  f o r  t he  pancreas Table 2). Taylor 
and C o t t r a l l  (13) suggested the p o t e n t i a l  va lue  of '&-labeled DL- 
tryptophan as a pancreas-imaging agent,  b u t  the syn thes i s  of t h e  agent  
presented problems. We have adapted the high-temperature, high-pressure 
modification of t h e  S t r ecke r  amino ac id  s y n t h e s i s  developed for llC- 
carboxyl-labeled 1-aminocyclopentanecarboxylic a c i d  (16) and o t h e r  amino 
acids (17) t o  the  s y n t h e s i s  of llC-carboxyl-labeled DL-tryptophan. 

The t i s s u e  d i s t r i b u t i o n  of  14C-labeled DL-tryptophan is complete 
i n  the rat a t  30 min p o s t i n j e c t i o n  (Table 3), and, therefore ,  i f  t h e  
human behaves similarly,  this appears  t o  be  approximately the optimum 
t i m e  f o r  scanning. This is  q u i t e  compatible w i t h  the s h o r t  (20.4 min) 
h a l f - l i f e  of 1 1 C .  

The e f f e c t  o f  added carrier DL-tryptophan on t h e  t i s s u e  d i s t r i -  
bu t ion  of 14C-labeled DL-tryptophan was s t u d i e d  i n  t h e  rat. 
of s m a l l  amounts of carrier DL-tryptophan appear t o  a i d  the  pancreas 
s p e c i f i c i t y ,  b u t  l a r g e r  amounts of carrier decrease t h e  s e l e c t i v e  uptake 
by t h e  pancreas (Table 4). The optimum carrier level  appears t o  b e  
approximately 0 .4  mg/kg, very nea r  t h e  l e v e l  which w e  propose t o  use. 

The presence 
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W e  have c a r r i e d  ou t  s t u d i e s  of t he  t i s s u e  d i s t r i b u t i o n  of DL- 

tryptophan i n  a wide v a r i e t y  of  a n i m a l  spec ies  i n  o rde r  t o  assess the 
importance of s p e c i e s  d i f f e rences  i n  t h e  d i s t r i b u t i o n .  These s p e c i e s  
included the r a t  (Tables 1, 3, and 4), r a b b i t  (Table  5 ) ,  and dog 
(Table 6 and Fig. 1). 
although the pancreas s p e c i f i c i t y  va r i ed  i n  the following order :  
ra t  > dog > r abb i t .  

A l l  of these spec ie s  showed good pancreas uptake, 

Bus& and co-workers (15) found that 14C-labeled DL-tryptophan 
This was  n o t  incorpora ted  s e l e c t i v e l y  by a Walker 256 carcinosarcoma. 

suggests that p a n c r e a t i c  cancer may be diagnosed by a d e f e c t  (non-radio- 
a c t i v e  area) in t h e  normal panc rea t i c  image produced wi th  11C-DL- 
tryptophan. 

The blood c learance  of intravenously administered 14C-l&eled 
DL-tryptophan i n  the rat  is very r a p i d  (Table 7), w i t h  only 10.3% of the  
i n j e c t e d  activity remaining i n  the blood a t  15 min p o s t i n j e c t i o n  and 
7.6% a t  30 m i n  p o s t i n j e c t i o n .  The rates of decarboxylation (Table 8) 
and t o t a l  metabolic loss (decarboxylation p l u s  ur inary  exc re t ion )  (Table 9 )  
are much slower f o r  DL-tryptophan than f o r  DL-valine, ano the r  l k - l a b e l e d  
amino a c i d  be ing  s t u d i e d  f o r  pancreas imaging (see IND 12459 da ted  
12  May 1976). For example, a t  one hour p o s t i n j e c t i o n  i n  the rat ,  decar- 
boxyla t ion  and t o t a l  metabolic l o s ses  f o r  Dbt ryptophan  measure 3.7% and 
11.7X re spec t ive ly ,  compared t o  28.1% and 41.3% r e s p e c t i v e l y  f o r  DL-valine. 
Although decarboxylation has  apparently no t  been a problem i n  c l i n i c a l  
s t u d i e s  w i t h  DL-valine-1-l1C, the h igh  rate of u r ina ry  e x c r e t i o n  a t  early 
t i m e  per iods  has r e s u l t e d  i n  the  pancreas being obscured by kidney 
a c t i v i t y  w h i c h  does n o t  clear u n t i l  approximately one hour p o s t i n j e c t i o n .  
The lesser rate of u r ina ry  exc re t ion  wi th  DL-trypto han should  he lp  t o  
decrease this problem assoc ia ted  w i t h  DL-valine-l-&. 

Figure 1 shows a r e c t i l i n e a r  scan of a normal dog that w a s  s t a r t e d  
40 m i n  a f t e r  in t ravenous  adminis t ra t ion  of llC-DL-tryptophan. 
is  de l inea ted  much more c l e a r l y  than i n  similar scans of the same dog done 
w i t h  DL-valine-l-lk (Fig. 2 ) .  

The pancreas 

2. Toxic i ty  

L-Tryptophan, of course, is  one of the e s s e n t i a l ,  n a t u r a l l y  
occurr ing  amino a c i d s ,  and, as such, i t  is presen t  t o  the e x t e n t  of 0.274 
(0.269-0.289) mg p e r  100 m l  of normal human blood (18). Assuming that 
blood comprises 7% of t o t a l  human body w e i g h t ,  t he re  is, t he re fo re ,  
% 13.4 mg of L-tryptophan i n  the blood stream of a normal 70 kg human. 
(We propose t o  a d m h i s t e r  no more than a t o t a l  of 7 m g  DL-tryptophan p e r  
70 kg subjec t . )  

Oral doses of L-tryptophan of up t o  15 grams have been administered 
t o  humans wi th  no t o x i c  e f f e c t s  i n  s t u d i e s  of the amino a c i d  as a p o s s i b l e  
n a t u r a l  hypnot ic  subs tance  (19). 

The LD50 of i n t r a p e r i t o n e a l l y  administered L-tryptophan i n  rats 
is  repor ted  as 1632 mg/kg and t h e  D-isomer i s  repor ted  as be ing  even less 
t o x i c  (20). 
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A t  the dose l e v e l  of the drug which we  would use f o r  pancreas  
imaging (0.1 mg/kg o r  less), w e  would expect no  t o x i c i t y ,  s i n c e  we  w i l l  
be  below the LD50 value by a f a c t o r  of approximately 16,000*. 
ORAU/OR-Z, Committee on Human Studies  has  approved t h e  use  of llC-DL- 
tryptophan as  o u t l i n e d  in this app l i ca t ion  (see Appendix f o r  membership 
of  c o d t t e e  and b iog raph ica l  material). 

The 

3. Radiation Dosimetry 

Carbon-11 has a 20.4 min h a l f - l i f e  decaying by p o s i t r o n  emission 
(99+%) t o  s t a b l e  1 1 B .  Because of its s h o r t  h a l f - l i f e  t h e  r a d i a t i o n  dose 
t o  p a t i e n t s  w i l l  be minimal.  
ORAU Padiopharmaceutical I n t e r n a l  Dosimetry Information Center  (headed 
by R. J. Clout ie r )  that the complete decay of 1 m C i  of lk-DL-tryptophan 
uni forn ly  d i s t r i b u t e d  in  a 70 kg human, assuming no excretion, would 
produce a whole body r a d i a t i o n  dose of 0.01 rads or a t o t a l  of 0.30 rads 
p e r  30 n C i  ( the maximum proposed administered dose of 11C-Dktryptophan). 
Table 10 gives d e t a i l s  o f  the expected r a d i a t i o n  dose t o  va r ious  organs 
i n  the human es t imated  from animal da ta .  The MHSD, ORAU Nedica l  Radio- 
nuc l ide  Committee has approved the  use of lIC-DL-tryptophan from a 
p a t i e n t  s a f e t y  s t andpo in t .  

As a guide i t  has been e s t ima ted  by the 

b. Previous Marketing: 

This 'IC-labeled drug has n o t  been marketed before .  

c. Drug Coh ina t ion :  

llC-DL-Tryptophan is n o t  a combination of prev ious ly  marketed drugs. 

7. LABEL aD INFORMATIONAL MATERIAL: 

The l a b e l  t o  b e  used with llC-DL-tryptophan w i l l  have the fo l lowing  form: 

1 1 ~ - ~ ~ - ~ ~ ~ ~ ~ ~ ~  (FOR I. v. INJECTION) 

Assay m C i / m l  as of 

Volume m l :  Batch No. 
Expi ra t ion  Time 

CAUTION : INVESTIGATIONAL NEW DRUG 
CAUTION: RADIOACTIVE MATERIAL 

Oak Ridge Assoc. Univ., Oak Ridge, Tn. 

* 
Suggested average m i n i m a l  d a i l y  d i e t a r y  requirements f o r  L-tryptophan 
are 2.9 ng/kg f o r  men and 2. I ng/kg f o r  women. 
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The i n v e s t i g a t o r s  p repa r ing  and administering this drug are working i n  
c l o s e  co l l abora t ion  in the same i n s t i t u t i o n .  
information material w i l l  be  prepared; however, each p a r t i c i p a n t  w i l l  
of course b e  i s s u e d  a copy of t h i s  appl ica t ion .  

Therefore,  no  formal  

8. SCIENTIFIC TRAINING AND EXPERIENCE OF INVESTIGATORS: 

The sponsor cons iders  the chief  i n v e s t i g a t o r s ,  a l l  of whom are supported 
by competent a s s o c i a t e s ,  t o  be exceedingly w e l l  q u a l i f i e d  f o r  this 
research. 
Hayes, Hzbner, Washburn, and Vieland. 

See b i b l i o g r a p h i c a l  materFal i n  the appendix about D r s .  Andrews, 

9.  PROGRESS OF TKE INVESTIGATION: 

The progress of the i n v e s t i g a t i o n  and evidence of s a f e t y  and e f f e c t i v e -  
nes s  of the drug w i l l  be eva lua ted  by G. A. Andrews, R. L. Hayes, 
K. F. Hzbner, and the sponsor, C. C. Lushbaugh, Ph.D., M.D. , Chairman of 
the ORAU Medical and Health Sciences Division, w i t h  adv ice  from the ORAU 
Medical Advisory Committee and the ORAU/ORNL Committee on Human S tud ie s  
(see a t tached  lists and b iographies  i n  the appendix). 

10. CLINICAL STUDIES: 

Phases I and 11, c l i n i c a l  pharmacology, i n  this s tudy  w i l l  c o n s i s t  of 
observations on the metabolism and t o x i c i t y  o f  llC-DL-tryp tophan toge the r  
w i t h  preliminary observa t ions  on the radiopharmaceutical 's  pancreas- 
l o c a l i z i n g  p rope r t i e s .  

P a t i e n t s  (30) f o r  this s tudy  w i l l  b e  mainly those  r e f e r r e d  by 
D r .  Reid Collmann, a g a s t r o e n t e r o l o g i s t  from Knoxville, Tennessee. 
O t h e r  p a t i e n t  vo lun tee r s  w i l l  b e  r e c r u i t e d  from p a t i e n t s  i n  t h e  Oak 
Ridge Hospi ta l  and surrounding hosp i t a l s .  
evidence of p o s s i b l e  panc rea t i c  d i sease ,  %.e., symptoms and l abora to ry  
f ind ings  sugges t ive  of  p a n c r e a t i c  carcinoma and/or having  a d iagnos is  
of  chronic a l c o h o l i c  p a n c r e a t i t i s .  This latter group of p a n c r e a t i t i s  
p a t i e n t s  should provide  a s u f f i c i e n t  number of  nega t ive  subjects f o r  
us t o  develop reasonable c r i t e r i a  f o r  t he  c h a r a c t e r i s t i c s  of t h e  normal 
panc rea t i c  scan  wi thou t  r e s o r t i n g  t o  normal volunteers .  The 11C-DL- 
tryptophan s tudy  is expected t o  cover a per iod  of 1-1/2 t o  2 years .  
Only a d u l t  s u b j e c t s  w i l l  be  s tud ied .  
that  this i s  an experimental  procedure, t h a t  i t  might have some t o x i c  
effect (although we  know of no s p e c i f i c  t o x i c i t y  t h a t  is a t  a l l  l i k e l y )  
and that the procedure w i l l  cause a r a d i a t i o n  dose of approximately 
3.3 t o  6.0 rads t o  the pancreas, approximately 0.9 t o  1.0 r ads  t o  the 
liver, and 0.3 r a d s  t o  t h e  whole body when 30 nCi of 11C-Dl-tryptophan is 
administered. 
informed consent of the p a t i e n t .  Subjects incapable  of g iv ing  an 
informed consent w i l l  b e  excluded from the  study. A copy of  the 
informed consent form is a t tached .  

They w i l l  b e  s e l e c t e d  f o r  

Each p a t i e n t  w i l l  b e  f u l l y  informed 

No 11C-DL-tryptophan doses w i l l  be given wi thou t  t h e  

For dosimetry purposes and t o  determine optimal t iming  of  scanning, 
blood l e v e l s  of r a d i o a c t i v i t y  w i l l  b e  determined a t  f r equen t  i n t e r v a l s  
during the f i r s t  1 t o  1-1/2 hours  a f t e r  i n j e c t i o n  of the radiopharma- 
ceu t i ca l .  Addi t iona l  information f o r  r a d i a t i o n  dose estimates w i l l  b e  
gathered by whole body counting and determination of the r a d i o a c t i v i t y  

---- 
1 a 0 excre ted  i n  the  ur ine .  
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Since the proposed d iagnos t ic  doses appear w e l l  below any that could 
cause chemical t o x i c i t y  from the DL-tryp tophan o r  de t r imen ta l  r a d i a t i o n  
e f f e c t s  from the l l C  p resent ,  we  w i l l  start our s t u d i e s  us ing  the f u l l  
d i agnos t i c  dose (0.43 &i /kg) ,  bu t  us ing  p a t i e n t s  s t r o n g l y  suspec ted  of 
pancrea t ic  d i sease  who zre, however, considered t o  b e  i n  good gene ra l  
condition. 
made during the f i r s t  5 doses given. A t  least two phys ic i ans  w i l l  b e  
present  during t h e  f i r s t  c l i n i c a l  t r ials.  

Carefu l  observations of pulse  and blood p r e s s u r e  w i l l  b e  

The folluwing l abora to ry  tests w i l l  b e  done both b e f o r e  and 24 hours  
a f t e r  i n j e c t i o n  of t h e  radiopharmaceutical: 
u r i n a l y s i s  and plasma hemoglobin. 

complete blood count, 

I f  any abnormality i n  c l i n i c a l  or l abora tory  observa t ions  is seen ,  
appropr ia te  follow-up s t u d i e s  w i l l  b e  c a r r i e d  out .  
appears s e r i o u s ,  we w i l l  s t o p  a l l  f u r t h e r  clinical trials and immediately 
n o t i f y  the Food and Drug Administration. 

I f  the abnormality 

The p r i n c i p a l  q u e s t i o x  t o  b e  answered are: 

1. 

2. 

3. 

4. 

A r e  t h e r e  any unsuspected t o x i c  e f f e c t s  of  %-DL-tryptophan on 
humans a t  the dose levels proposed? 
W i l l  the uptake of llC-DL-tryptophan i n  the human pancreas be 
s u f f i c i e n t  t o  perinit p a n c r e a t i c  imaging? 
For purposes of r a d i a t i o n  dosimetry, what is t h e  b lood  clearance 
rate and exc re t ion  p a t t e r n  f o r  llC-DL-tryptophan i n  humans? 
What is  t h e  optinam dose and scanning t i m e  f o r  pancreas 
v i s u a l i z a t i o n ?  

11. The sponsor w i l l  no t i2y  the Food and Drug Administration i f  the i n v e s t i -  
ga t ion  is discontinued, and the reason f o r  it. 

12. The sponsor w i l l  n o t i f y  the  i n v e s t i g a t o r s  i f  a new drug a p p l i c a t i o n  is 
approved. 

13. There are no p lans  f o r  s e l l i n g  t h i s  drug; O a k  Ridge Associated 
U n i v e r s i t i e s  i s  a n o a p r o f i t  corpora t ion ,  and our i n t e r e s t  i s  on ly  i n  
the b a s i c  and in t roduc to ry  c l i n i c a l  research  phase of this work. 

The sponsor w i l l  n o t  perinit i n i t i a t i o n  of clinical s t u d i e s  of 'IC-DL- 
tryptophan p r i o r  t o  30 days a f t e r  t h e  d a t e  of r e c e i p t  of n o t i c e  of t h i s  
app l i ca t ion  by the Food and Drug Administration. H e  also w i l l  continue 
t o  withhold o r  t o  r e s t r i c t  c l i n i c a l  s t u d i e s  if reques ted  t o  do so by 
the Food and Drug Administration p r i o r  t o  the  e x p i r a t i o n  of such 30 days. 

14. 
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T a b l e  1 

Tissue D i s t r i b u t i o n  of 14C- and llC-Carboxyl-Labeled DL-Tryptophan i n  

Male Buffalo Rats at 30 Minutes Pos t in jec t ion  

DL-Tryptophan [ s i d e  chain-3J1C J 
Preparat ion 14 T i s s u e  DL-Tryptophan[side chain-3- C ]  

Percent  Administered Dose/ga 
Pancreas 12.4 50.3 12.1 5 0.3 

Liver  

Spleen 

Kidney 

L=g 
Mus cle 

Marrow 

S m a l l  intestine 
Blood 

Pancreas-to-tissue Conc. Ra t ios  

11.4 - + 0.2 

16.2 - + 0.7 

8.4 f, 0.2 

25.6 f, 0 . 8  

51.8 5 1.0 

7.4 5 1.0 

8.4 2 0.3 
43.8 + 1.0 - 

9 . 3  2 0 . 3  

14.8 2 0.9 

7.7 5 0.4 
19.0 2 2.1 

54.5 2 2.5 
- 

7.6 5 0 . 8  

32.3 2 1.4 

Average of 4 animals 2 S.E.; normalized t o  a body w e i g h t  of 250 g. a 



- 14- 

Table 2 

Comparison of the Tissue Distribution of 14C-Carboxyl-Labeled Amino A c i d s  

(0.02 mg/kg) in Male Buffalo Rats at 30 Minutes Postinjection 

Tissue 
Pancreas /Tissue Concentration Ratio 

DL-Tvp topha DL-V d i n e  DL-Leucine 

Liver 11.4 9 - 8  

S m a l l  intest ine 

Blood 
8.4 5 . 7  

43.7 20.3 
Muscle 51.7 33.2 

6 . 4  
4.0 
20.2 
20.6 
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T a b l e  3 

E f f e c t  of Time on the  T i s s u e  D i s t r i b u t i o n  of DL-Tryptophanrside chain-3-14C] 

i n  the R a t  

Tissue 15 min 30 min 60 mi6 

P a n c r e a s  8.88 - + 0.03 12.37 - + 0.25 . 11.84 2 0.64 
L i v e r  1.05 - + 0.04 1.08 2 0.02 0.96 2 0.03 

0.69 2 0.04 0.77 5 0.03 0.66 2 0.01 Spleen 

Kidney 1.63 2 0.09 1.50 5 0.04 1.36 - + 0.14 

Percent Adminis tered Dose/ga 

Lung 0.52 0.01 0.49 2 0.01 

M u s c l e  0.25 - + 0 .01  0.24 - + 0.00 

Marrow 1.64 2 0.03 1.75 - + 0.30 
1.47 3 0.03 Smal l  i n t e s t i n e  

Blood 0.50 - + 0.05 0.28 - 3- 0.01 

1.22 - + 0.04 

0.42 - + 0.01 

0.20 f: 0.01 

1.68 2 0.34 
1.33 2 0.07 
0.26 2 0.02 

Average of 4 a n i m a l s  2 S.E.; normalized t o  a body we igh t  of  250 g. a 

1 0 4 9 0 1 5  
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Table 4 

E f f e c t  of Carrier DL-Tryptophan on the Tissue  D i s t r i b u t i o n  of DL-Tryptophan 

[ s i d e  ~hain-3-’~C] i n  t h e  Rat a t  30 Minutes P o s t i n j e c t i o n  

T i s sue  

a 
Pancreas/Tissue Conc. R a t i o  

0.0004 mg/kgb 0.04 mg/kg 1.0 mg/kg 5.0 mg/kg 

L i v e r  

Spleen 

Kidney 

Lung 

Mus cle 

Small i n t e s t i n e  

Harrow 

Blood 

H e a r t  

9 . 3  2 0.6 

13 .2  + 1 . 3  

6.4 2 1.6 

16.9 2 3.5 

37.9 5 3.2  

8.9 5 0.5 

10.3 2 0.6 

21.2 + 2 .1  

22.9 - + 2.3 

- 

- 

11.4 Ifr 0.2 9 . 4  5 0.5 8 .7  If: 0.2 

16.2 + 0.7 14.0 fr 0 . 8  12.8 2 0.6 

8.4 2 0.2 8.2 +- 0.5 8.5 2 0.6 

25.6 5 0.8 16 .1  + 0.7 14.0 2 0.7 

51.8 2 1.0 46.5 + 2 . 1  35.3 f 1 .9  

- 

- 
- 

8.4 - + 0 .3  7.4 - + 0.6 7 .3  2 0.2 

7.4 - + 1.0 5.0 5 0 .8  4.5 - + 0.6 

43.8 2 1.0 38.2 + 1.4 28.9 2 1.4 - 

a Average of 4 animals  2 S.E. 

DL-Tryptophan[side ~ha. in-2,3-~lI  ( N ) ]  w a s  used t o  a t t a i n  the high 

spe  cif i c  a c t i v i t y  . 
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Table 5 

Tissue Distribution of DL-Tryptophan [ s i d e  chain-3-14C] 

(0.02 mg/kg) in the Rabbit at 30 Minutes Postinjection 

Tissue X l g l 2 . 5  kg 5 S.E. Pancreas/Tissue 

Pancreas 
Liver 

Spleen 

Kidney 

Lung 

Muscle 

S. intestine 

Marrox 

Blood 

Thymus 
Adrenals 

Urine 

0.58 + 0.03 
0.11 + 0.00 

- 
- 

0.12 - + 0.01 

0.09 - + 0.01 
0.19 + 0.01 - 

0.04 - + 0.00 
0.16 - + 0.01 
0.08 + 0.00 
0.06 - + 0.00 
0.07 - f 0.01 

- 

0.10 - + 0.01 
0.36 - + 0.12 

- 
5.4 
4.7 
3.1 

6.5 
16.0 

3.6 

7.4 
9.3 
8.9 
5.6 
1.6 

i 

t 0 4 9 0  t 1 
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Table 7 

Blood Clearance of DL-Tryp tophan[ s i d e  ~ h a i n - 3 - ~ ~ C  J i n  Male 

F i s c h e r  Rats 

T i m e  (min) Remaining i n  Blooda 
Pe rcen t  of Administered Dose 

2 

5 

10 

15 
30 

60 

120 

24.6 - + 1.8 

17.3 2 2 . 1  

12.0 - + 0.9 

10 .3  - + 0.8 

7.6 2 0.5 
5.1 2 0.2 
4.3 - + 0.3 

Average of 4 animals  2 S . E .  a 
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Table 8 
1 4  

Rate of Decarboxylation of DL-Tryptophan[side chain-3- c] 

b y  M a l e  Buffa lo  R a t s  

Time (min) Cumulative Percent  Exhaled as I4COza 

5 0.0 

10 0.2 

15 0.5 

30 1.7 

45 2.8 

60 3.7 
90 5.4 

120 6 . 7  

Average of two animals. a 

,: 
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Total Metabolic 

by Male F i sche r  

Table 9 

Loss of DL-Tryp tophan [ s i d e  chain-3- 11 C] 

Rats 

T i m e  ( e n )  Percent Administered Dose Los ta 

20 4.9 2 0.6 
40 9.4 5 0.6 
60 11.7 f. 0.5 
90 15.5 2 0.6 

17.3 + 1.2 - 120 

-~ -~ 
a 

Average of 5 animals + S.E. - 
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Table 10 

Estimated Radiation Dose t o  Reference Man From 

Intravenous Administration of DL-Tryptophan 

[ s i d e  chain-3-%] 

Radiation Dosea (rads/mCi) 
Organ Rat Rabbit Dog 

T o t a l  body 0.011 0 . o n  0.011 

Pancreas 0.200 0.110 0.120 

Liver 0.029 0.030 0.034 

Spleen 0.011 0.0096 0.010 

Kidney 0.037 0.042 0 .032 

Lung 0.016 0.022 0.016 

Mus cle 0.011 0.013 0.012 

Mar row 0.027 0.017 0.019 

Small i n t e s t i n e  0.040 0 .047  0.039 

Adrenals 0.012 0.027 0.024 

Based on 30-min t i ssue  d i s t r i b u t i o n  of 14C-labeled 

DL-tryptophan i n  the ra t ,  r a b b i t ,  and dog, 

r e s p e c t i v e l y  , following intravenous adminis t r a  t i o n  

(0.04 mg/kg) , assuming i n m e d i a t e  up take by t h e  

organs followed by complete decay i n  s i t u .  

Adrenal dose using r a t  da t a  c a l c u l a t e d  on the b a s i s  

of r a d i a t i o n  from the  surrounding organs only.  

a 
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. Fig .  1. R e c t i l i n e a r  scan of a normal mongrel dog s t a r t e d  40 min a f t e r  

i n t r avenous  a d m i n i s t r a t i o n  of IlC-DL-tryp tophan. 

F ig .  2. R e  c tili 

9 

1 0 4 9 0 2 3  

_- 
.near  scan of a normal mongrel dog (same dog as i n  F ig .  1) 

1 1  

s t a r t e d  40 min a f t e r  i n t r avenous  a d m i n i s t r a t i o n  of DL-valine-l-LLC 

( included f o r  comparison).  
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Brown Univers i ty ,  Ph.D., 1965 
Ministerial Standing, United Church of C h r i s t  
Member of var ious  boards which change from t i m e  to t i m e  

R. L. Hayes 
D i r e c t o r  of Radiopharmaceutical Developinent, Chief S c i e n t i s t  
Un ive r s i ty  of North Carolina,  B . S . ,  1944 
Univers i ty  of North Carolina,  Ph.D., 1952 
Sen io r  Chemist, U.S.  Rubber Co. , North Caro l ina ,  1944 

O I U U  Mzdical Div is ion ,  1950 - presen t  
American Chemical Society,  Soc ie ty  of Nuclear  l k d i c i n e ,  
Re t i cu loendo the l i a l  Soc ie ty  
Development of medical r a d i o i s o t o p i c  agents; r a d i a t i o n  dos ine t ry  

U. S. Army, 1944-46 
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Name : George B. Hutchison 
P0sj.t ion  : Epidemiologist ,  Plichael Reese Elospital, Chicago, 66-present 
Schools : Harvard Univers i ty ,  A. E., 1 9 4 3  

Harvard Univers i ty ,  M.D., 1951 
Harvard Univers i ty ,  M.P.H., 1960 

Assurance SOC., U . S . ,  55-56; Heal th  I n s .  Plan Greater New 
York, 56-57; d i r .  res. C i ty  H e 2 l t ? 2  D e p t . ,  New York, 57-59; 
asst, p ro f .  e p i d e d o l .  sch. pub. h e a l t h ,  Harvard, 60-61; 
assoc. p ro f .  61-66; consu l t ,  Health Ins .  Plan Greater New York, 
5 7-present. 

Asn. Teachers Prev. Med. 

Pos i t i ons :  Fe l .  med. Lahey C l in . ,  52-55; asst. med. d i r .  E q u i t a b l e  L i f e  

Memberships: Fe l .  Am. Pub. Health Asn; Am. S t a t i s t .  A s n ;  l Jor ld  Med. hsn.; 

N a m e  : Karl P. H&ner 
Schools : 2 y e a r s  of  co l l ege  ( las t  2 yea r s  of German "high school") 

1952-54 
Un ive r s i ty  of Heidelberg, Germany, M.D., 1959 

Licensure: Tennessee 
Pos i t i ons :  Sen io r  S t a f f  Wuber wi th  c l i n i c a l  s taff  of the ORAU Medical 

Div is ion ,  1971  t o  p r e s e n t  
Research Assoc ia te  i n  Experimental Immunology, OPAU Medical 
Div is ion ,  19 6 7- 70 
Resident i n  P e d i a t r i c s ,  Univers i ty  of T&ingen, Germany, 

Medical School, 1964-67 
Resident i n  C l i n i c a l  Inves t iga t ion ,  O a k  Ridge I n s t i t u t e  of 

Nuclear S tud ie s  (now Oak Ridge Assoc ia ted  U n i v e r s i t i e s ) ,  
1962-64 

I n t e r n s h i p  ( r o t a t i n g )  a t  2nd General H o s p i t z l  of t h e  U.S. 
Army, and t h e  86th T a c t i c a l  H o s p i t a l  o f  the U. S. Air 
Force, 1960-61 

Memberships: AMA, Tenn. Ned. Association 
I n t e r e s t s  : Clinical immunology, t r e a t m m t  of n e o p l a s t i c  d i s e a s e s  of the 

bone marrow and lymphatic system, w i t h  s p e c i a l  in terest  i n  
immunotherapy and t r a n s p l a n t a t i o n  immunology. 

Kame : John Marshall Johnston 
Pos i t i on :  P r o f e s s o r  of Biochemis t r y ,  Univers i ty  of  Texas (Southwest) 

Scho 01s : B:.A. , Kast ings  Colorado, 1949; Ph.D., Colorado, 1953 
P o s i t i o n s  : Res. ASSOC., Walter Reed I n s t .  R e s ,  53-55; A s s t .  Prof., 

Med. School, Dallas, 1966-present 

Univ. of Texas (Southwest) Pkd ica l  School,  Dal las ,  55-57; 
Assoc. Prof.  57-60; Professor  60-66; K a t .  S c i .  Found. S r .  
R e s .  Fe l . ,  Univ. Lund, 62-63; U . S . A . R .  53-55 

Memberships: U S ;  Am. Chem. SOC.; SOC. ET. Biol. Ned.; Am. SOC. B io l .  
Cinem. 
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P 

Nam : 
P o s i t i o n  : 

S ch oo 1: 

Menherships : 

Name : 
Pos i t ion :  

Schools : 

Licensure  : 
Board : 
Me& e r s h i p s  : 

Namz : 
Pos i t ion :  
S choo 1 : 

Licensure : 
Board: 

Memberships: 

N a m e  : 
Pos i t ion :  

School: 

L icensure  : 
Members1ii.p.s: 

Melvin E. €Coons 
Executive A s s i s t a n t  t o  P res iden t ,  Union Carbide Corpora t ion ,  
Nuclear Division, O a k  Ridge, Tennessee 
Un ive r s i ty  of North Dakota, E.A., 1955; J u r i s  doc to r ,  1961. 
Admitted t o  p r a c t i c e  of l a w :  

North Dakota, 1361; Tennessee, 1964; F e d e r a l  D i s t r i c t  
Court, North Dakota, 1961 ;  E a s t  Tennessee, 1964; U. S, 
Supreme Court, 1966 

American E a r  Association, Pub l i c  Con t rac t s  S e c t i o n ;  Fede ra l  
B a r  Assoc ia t ion ,  Government Con t rac t s  Committee, R f D 
Cont rac ts  Subcommittee; Tennessee B a r  Assoc ia t ion ;  North 
Dakota B a r  Association, Ward County, North Dakota, B a r  
As so ciat  i o n  

Robert Lange 
Research Pro fes so r ;  A s s i s t a n t  D i r e c t o r ,  U n i v e r s i t y  o f  
Tennessee Memorial Research Center 
Macalester College, B.A. ,  1941  
Washington Univers i ty ,  N.D. ,  1944 
Tennessee, Minnesota, Missouri, Georgia 
I n t e r n a l  Medicine 
American Association f o r  t he  Advancement of Sc ience ;  AK4; 
Knoxxille Acad. Med. ; Southern SOC. R e s .  ; C e n t r a l  SOC. 
Clin.  R e s . ;  h e r .  Col l .  Phys ic ians ;  I n t e r n a t i o n a l  SOC. of 
Hematology 

Thomas A.  Lincoln 
Di rec to r ,  Health Division, Oak Ridge N a t i o n a l  Laboratory 
Macalester College, S t .  Paul,  Minnesota, B.A. (Chemistry), 
1946 ; Univers i ty  of Minnesota, Minneapolis,  Minnesota, 
B.S., 1949; M.D., 1950 
Rota t ing  I n t e r n s h i p ,  Ancker Hospital, St. P a u l ,  Minnesota, 
1949-50 
Tennessee, Minnesota 
American Board of Prevent ive  Medicine, by examination, 
June 5, 1963 
Fellow I n d u s t r i a l  Medical Assoc ia t ion ;  P a s t  P r e s i d e n t ,  
Tennessee I n d u s t r i a l  Medical Assoc ia t ion ;  American Academy 
of Occupational Medicine; American Medical Assoc ia t ion ;  
P a s t  P res iden t ,  Roan-Anderson County Medical Soc ie ty ;  
T reasu re r ,  Board of Di rec to r s ,  Ocik  Ridge Regional  l l e n t a l  
Health Center  

Clarence C. Lushbaugh 
Chairman, Medical and Health Sc iences  Div i s ion ,  ORAU 
D i r e c t o r ,  Radiation Emergency Assistance Center /Tra in ing  
S i t e  (REAC/TS) 
Un ive r s i ty  of Chicago, B.S., 1938 (Anatomy) 
Un ive r s i ty  of Chicago, Ph.D., 1942 (Pathology) 
Un ive r s i ty  of Chicago, bl. D. , 19 4 8 (Pathology) 
Tennessee 
American Association f o r  t h e  Advancement o f  Science.; American 
S o c k  ty f o r  Experimental Pathology; Assoc ia t ed  Researchers 
and C l i n i c i a n s  i n  Cancer; Soc ie ty  f o r  Experimental  Biology 
and Medicine; Health Physfcs Soc ie ty ;  R a d i a t i o n  Research 
Soc ie ty ;  Soc ie ty  of Nuclear Pkd ic ine ;  American Medical 
Assoc ia t ion ;  Tennessee S t a t e  Piedical Soc ie ty  
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N c m e  : 
P o s i t i o n  : 
Schools : 

Memberships : 

Interests : 

Name : 
P o s i t  i o n  : 
Schools : 

Menherships : 

Interests : 

NaIIlE.: 
P o s i t  i o n  : 
School: 
Memberships : 

N a m e  : 
P o s i t i o n  : 
Schools : 

Membe r s h i p  s : 

Leonard A. Sagan 
I n t e r n a l  Medicine, Research kdminis t r a t i o n  
Stanford ,  A . B . ,  1950 
Univers i ty  of Chicago, M.D., 1955 
Harvatd, M.P.H., 1965 
Dip:. Amer.  Board I n t e r n a l  Medicine; F e l l o w  American 
Co l l c  ge of Physicians 
L a t e  e f f e c t s  of  r a d i a t i o n  

W i l l i a m  Harold Stone 
Genetics,  Immunology 
Brown Unive r s i ty ,  A . B . ,  1948 
Maine, M.S., 1949 
Wisconsin, Ph.D., 1953 
Genetics SOC.  ; SOC. Hman Genetics; American Assoc. Lmmunology; 
T ransp lan ta t ion  Socie ty ;  Science Research Soc ie ty  Amer. A n i m a l  
Sc ience  
Immunogenetics and immunochemical s t u d i e s  of b lood  groups'; 
immunology of f e r t i l i t y  and s t e r i l i t y ;  t r a n s p l a n t a t i o n  and 
to l e rance  

John B. S t o r e r  
D i rec to r ,  Biology Divis ion ,  Oak Ridge Na t iona l  Laboratory 
Un ive r s i ty  of Chicago, M.D.,  1947 
America Assoc ia t ion  f o r  Cancer Research; American Soc ie ty  
f o r  Experimental  Pa  thol. ogy ; Radia t ion  Research Soc ie ty  ; 
Soc ie ty  f o r  Experimental Biology and Medicine; National 
Council on Radia t ion  P ro tec t ion  and Neasurements 

Joseph F. Volker 
P res iden t ,  Univers i ty  of Alabama, Birmingham, Alabama 
Ind iana  Univers i ty ,  D.D.S., 1936 
Un ive r s i ty  of Rochester, A . B . ,  1938 
Unive r s i ty  of Rochester, M. S .  , 19 39 
Unive r s i ty  of Rochesrer, Ph.D., 1942 
Univ. Med. Sc i . ,  Banlcok, hon. D.Sc., 1967 
Univ. Lund, hon. D r .  Onto l . ,  1968 
Un ive r s i ty  of Alabama, hon. D.Sci., 1970 
Indiana Univ., hon. D. Sc i . ,  1970 
Louis P a s t e u r  Univ., hon. D r . ,  1972 
Mem. U n i t a r i a n  Hed. Teaching l i i s s ion ,  Czech., 1946, Ger., 1948 
S p e c i a l i s t ,  U. S. Dept. State ,  Thailand, 1951-. 
D i r .  Arizona Med. Sch. Study, 1960-1961 
Mem. I n s t .  Ned. N a t .  Acnd. Sc i . ,  1971 
Mem. Order of White Lion, Czech, 1946 
Comdr., Order of Crown, 1959 
Fel. Royal Col. Surg., 1 9 6 1  
Comdr., Order of Falcon, Repub. I ce l and ,  1969 
MAS; SOC. Expl .  Briol .  and Ned.; Int. Assn. Dent, Res. 
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K i m 2  : Lee Cross Washburn 
P o s i t  ion  : Associa te  S c i e n t i s t ,  Medical and IIealth Sc iences  Div is ion  

Schools: Murray S t a t e  Univers i ty ,  B . A . ,  1968 

Membership : American Chemical Soc-iety 
In  teres ts : S y n t h e t i c  o rgan ic  chemistry; chromatography, rad iopharmaceut ica l  

t i s s u e  d i s t r i b u t i o n  s t u d i e s  ; r a d i o p r o t e c t i v e  drugs 

Oak Ridge Associated Un ive r s i t i e s  

Vanderb i l t  Univers i ty ,  Ph,D.,, 1972 

N a m e  : Bruce 1.1. W e l a n d  
Pos i t  ion: 

Schools : 

Membership : 
I n t e r e s t s  : 

S c i e n t i s t ,  Medical and Health Sciences Div i s ion ,  Oak Ridge 
Associated U n i v e r s i t i e s  
Iowa S t a t e  Un ive r s i ty ,  E. S . , 1 9  GO 
Ohio S t a t e  Un ive r s i ty ,  Ph.D., 1973 
Soc ie ty  o f  Nuclear Medicine 
Production and u t i l i z a t i o n  of shor t - l ived  pos i t ron -emi t t i ng  
i s o t o p e s  f o r  n u c l e a r  m e d i c a l  app l i ca t ions .  Development of 
hot c e l l  equipment f o r  the  s y n t h e s i s  of l a b e l e d  compounds. 
I so tope  imaging i n s  t r u m n t a t i o n ,  i nc lud ing  co inc idence  
d e t e c t i o n  and computer r econs t ruc t ion  techniques  f o r  
tomography. 

Name : Joan E. Woods 
P o s i t i o n :  P s y c h i a t r i s t ,  Oak Ridge Hental H e a l t h  Center 
School : Univers i ty  of Chicago School of Medicine, B.S. and M.D., 1960 
Licensure : Tennessee 
BoarZs : 
Menherships: American P s y c h i a t r i c  Association 

American Board of Psychia t ry  and Neurology 

American Mzdical Association and S u b s i d i a r i e s  
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MEDICAL AND KEALTH SCIENCES DLVLSLON 
OAK RIDGE ASSOCIATED LJNLVERSLTIES 

Oak Ridge, Tennessee 

Consent f o r  Experimental  T e s t  

I a u t h o r i z e  the performance upon 
(myself o r  name of p a t i e n t )  

of the fo l lowing  test: 
f o r  pancreas  v i s u a l i z a t i o n .  

Phase I rad iopharmaceut ica l  tests of llC-DL-tryptophan 

The n a t u r e  and purpose  o f  the tes t ,  the risks involved ,  and the p o s s i b i l i t i e s  
of compl ica t ions  have been exp la ined  t o  m e .  I unders tand  that this test is n o t  
a t r ea tmen t  f o r  my d i s o r d e r  n o r  is it b e i n g  done p r i m a r i l y  f o r  my b e n e f i t ,  rather 
that  the test is f o r  exper imenta l  purposes .  Fu r the r ,  I unders tand  that any 
in fo rma t ion  gained from doing  this test  becomes the p r o p e r t y  of ORAU and may b e  
pub l i shed  i n  the s c i e n t i f i c  l i t e r a t u r e  a t  the d i s c r e t i o n  o f  t h e  s t a f f  of the 
Msdical  and Heal th  Sc iences  Div i s ion ,  Oak Ridge Assoc ia ted  U n i v e r s i t i e s .  

DATE 
( P a t i e n t  o r  person  au tho r i zed  t o  consent  f o r  
p a t i e n t )  

WITNESS : 

I have t a l k e d  w i t h  abou t  t h e  proposed 
test t o  b e  given i n c l u d i n g  the fol lowing:  

1. Thi s  i s  a new r a d i o a c t i v e  drug: 'lC-DL-Tryptophan. 

2. The drug con ta ins  t h e  r a d i o a c t i v e  i s o t o p e  'IC and an o r g a n i c  chemical i n  
q u a n t i t i e s  much less than t hose  r e q u i r e d  t o  produce any measurable  chemical 
e f f e c t  i n  the  body. P a t i e n t  shou ld  f e e l  no e f f e c t  from t h e  drug. 

3. The r a d i a t i o n  dose w i l l  b e  approximately 0.3 rad  t o  t he  whole body. 

4. Blood samples (2 m l )  w i l l  be  drawn a t  i n t e r v a l s  du r ing  a p e r i o d  o f  1-1/2 h o u r s  
a f t e r  admin i s t r a t ion .  

5 .  Whole body counts  and s c a n s  w i l l  b e  made over  a 2-hr per iod .  

6 .  The p a t i e n t  may withdraw from the test a t  any t i m e .  

DATE : 
Lnves t i g a  t o r  

5049031 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical  and H e a l t h  S c i e n c e s  D i v i s i o n  

Oak Ridge A s s o c i a t e d  U n i v e r s i t i e s  

PERSON SUBMITTING PROPOSa-r .. ~ m1 PROPOSAL NO.  '7k 7 
DESCRIPTION: Technetium 99m - I r o n  - A s c o r b a t e  - DTPA 

(Renotec ) 
For  r e n a l  scanning .  Dose w i l l  b e  3-5 m i l l i c u r i e s .  For  r a d i a t i o n  
dos imet ry  see a t t a c h e d  copy of  pages from PDR 

W T h e  Committee approves  w i t h  t h e  f o l l o w i n g  l i m i t a t i o n s  : 

Radiopharmaceut ica l  may- may n o t  X b e  a d m i n i s t e r e d  t o  p a t i e n t s  under  
18  y e a r s  of  age.  

Radiopharmaceut ica l  may- may n o t  X be a d m i n i s t e r e d  t o  p r e g n a n t  p a t i e n t s .  

Other:  

a The Committee d i s a p p r o v e s  f o r  t h e  f o l l o w i n g  r e a s o n s :  

MEMBER APPROVAL 

L /  

/' 
/ 

DISAPPROVAL ABSENT DATE 

Q 
W 
hJ Acknowledgement of s u b m i t t e r  Date 

Human S t u d i e s  a p p r o v a l  g r a n t e d  on 
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Squibb & Sons-Cont. 

e. Insert t he  vial containing the w"T~  
sample intu the lead shield and cover 
with t h e  ring and top lids. 
Record the net  count ra te  ccpml of the  
*"TC sample (rms cpm minus back- 
ground cpnil. 
Calculate the "Mo activity as follows: 
*Mo activity = "Mo factor (froni step 
1) x net count rate (cpm) of !+'"Tc sam- 
plr. 

Ezample: If net  count ra te  of *'"'Tc samplr  
(as determined in s tep 2d1 = 1700 cpm arid 
the "Mo factor = 0 M A  pCi/cpm. then the 
"Moactivity = 0.003 pCi/cpm X 1700cpm. 
which q u a l s  5.1 pCi. 

f. Calculate theconcrntrntion of"Mo p r r  
millicurie of ""Tc sample hy dividing 
the %lo activity (from step 2el by the  
total %"Tc activity. Ax:xnnipfe: *Mo 
activity (in pCi1 i *"Tc activity (in 
mCi) = 5.1 + 51, which equals 0.1 pCi 
Molybdenum 99 per mCi Technetium 
Y9m. 

d. 

e. 

B. Al te rna te  Methnd 
1. Place the  Collecting Vial conbining the 

total *"Tc eluate  in a '/,-inch lead con- 
tainer and set this on the  surface of a well. 
type scintillation detector o r  scintillation 
probe. (The lead containrr is pmvided on 
request with t h e  Cesium 137 Standard 
mentioned below.) 

2. Determine t h r  activit? in the  0.61.0 mev 
range. Record net  counts per minute(cpmb 

3. Remove t h e  vial of "'"Tc from the lead con- 
tainer and replace i t  with a Cesium 137 
Standard.  Determine the  activity in the  
0.61.0 mev range. niaintaining conshn t  
geometry with previous count. Record net 
counts per minute (cpml. (The Cejium 137 
Standard is provided on request in a Col- 
lecting Vial with a total volume of 5 ml. I f  
the  Squibb Standard is not used, be certain 
that  the substi tute i3'Csstmdard is uwd in 
a container having the  same gwnnetry as 
the  Collecting Vial.) 

4. Calculate *Mo activity using the  following 
formula: "Mo Activity IpCi/ml.) = ( A  2: R 
x 4.5) + C; where; A = net cpni of *Tc 
sample. B = activity (in microcuries per 
ml.,of i31CsStandard. C = net  cpm of '"Cs 
Standard. and 4.5 = factor for convertinrr 

Product Information 

I :I: Cs activity to rquivnlriit 'NMo activity 
ISCY Tnhle \' hrluwl. 

This p:enern+or is licenwd fur iise by pvnons 
licensrd by the US. Kuclcur Regulatory Cum. 
miision piirsuunt to  k. 35 14 and Sec 35.1OC 
Group I l l  of 10 CFR Part  35 or under tquiva. 
lent licenses of Agreenient States. 
How S u p p l i r d  
Available In potencies of 220 niCi. 4 4 0  nCi .  880 
niCi. 1330 mCi. 1770 mCi. or 2220 niCi "310 
rrswctivrlv.  at calibration time. Coniplete 
assay data for each Generator arc prtrvidrd on 
the lahel; directions for detrrniininp t t ir  activ- 
ity of mntrrial eluted from the gcnrr;itor a r e  
provided in this monogmph. 
Supplied with the  grnerutor a r c  vialsnfsterile. 
non-pyrogenic eluent,  and suilahle equipment 
Tor elutinp. collecting. and assaying t h e  Tech- 
netium 99m. 
A 1'/: lead shield. M A X I  SlfIELDTh'. is also 
dvailable for use with Minitrc (Technetium 
9Ym1 Generator. Maxi-Shield consists of i i  b a e .  
:ap. and interlocking half rings and ih casily 
Iswrnbled un t h e  site. 

RENOTEC'.J) R 

Kirl I (Technetium 99m-iron-Ascorbate-DTPA 

Descript ion 
Renotec (Technetium 99m-lron-Ascorb3te 
UTPA Kit)  provides all the nonradioactive re- 
agrnts  n e e d 4  to prepare a sterile. r ionpym 
genic solution of technetium 99nr.iron-wor.  
batdiethylenetr iamine penhacet ic  acid. 
NOTE- The sterile *"'Tc-stdium p r t cchne ta t e  
to be used in t he  reaction isobtained by elution 
frum a Squibb Technrtium 99m Generator.  
Actions 
The ""Tc-iron-a~orhat~DTFA prepared from 
Renotec is not a t r u r  chelate. I t  h ;e  heen t h w  
rized that  the radioactive component which 
localizes in the kidneys is a hydrolywd form of 
technetium similar to that formed by the 
'"Tc-iron-ascorbic acid complex; both a re  
alike in biological behavior. 
The ?NmTc-iron.axorhate-DTPA is not excretrd 
purely by glomerular filtration as are t h e  c h r  
lates ""Tc-DTPA (Ferrous) and ?HTc-13TPA 
Sni. and  is retained in higher amounts  in the 
kidney. 
4fter intravenous administration, t h e  *"Tc- 
run-aworbate-DTPA is uniformly distributed 
.hroughout most of the  extracellular nuid but 
j w s  not pass t he  blood.brain barrier. I t  dnes 

TABLE V __ _ _  -___._____-_ ___ 
Decay Chart:  Molybdenum 99 half-life. 66.7 hr. 

___-- 
Fraction Fraction Fraction Fraction 

Hours Remaining Hours Remaining Hours Remaining Hours Remaining 

- 48 1.647 36 0.688 120 0.287 204 0.120 
- 44 1.580 40 0.660 194 0.276 208 0.115 
- 40 1.515 44 0.633 128 0.264 212 0.111 
- 36 1.454 48 0.607 132 0.254 216 0.106 
- 32 1.395 52 0.583 136 0.243 220 0.102 
- 28 1.338 56 0.559 140 0.233 224 0.098 
- 24 1.283 60 0.536 144 0.224 228 0.094 
- 20 1.231 64 0 514 148 0.215 232 0.090 
- 16 1.181 6R 0 493 152 0.206 236 0.086 
- 12 1.133 72 0.473 156 0.198 240 0.083 

- 8  1 .OB7 76 0.454 160 0 190 244 0 079 
- 4  1.042 a0 0.436 164 0.182 248 0.076 
0' 1.Ooo 84 0.418 168 0.175 252 0.073 
4 0.959 88 0.401 172 0.167 256 0.070 
8 0.920 92 0.384 176 0.161 260 0.067 

12 0.883 96 0.369 180 0.154 264 0.064 
16 0.847 100 0.354 184 0.148 268 0.062 
20 0.812 104 0.339 188 0.142 272 0.059 
24 0.779 108 0.326 192 0.136 276 0.057 
28 0.748 112 0.312 196 0.130 2Ro 0.035 
32 0.717 116 0.300 200 0.125 2fM 0.052 

288 0.050 

-_ __ -_____.- __ ___ 

'Calibration t ime 

not Ia.id;ie in t he  chorr*id plrxus. s a l 1  

p;larids. ativnach. or thyroid. thus redwin,  
r i idiatiw d o w  and eliminating intrrfrr in  
calizz&~n of radioactivity. Most of t h e  iw 
clears rapidly through t h r  urinary t ract  w 
out entering into inetahilic processes. 
lndicr i t ions 
The  " " T c . i m n - a ~ o r b a t e ~ T f A ,  prep. 
from t h e  Renotec (Technetium 99ni-irol 
corbatc-DTFA Kit,  reagents. is used rn 
agent for imaging the  kidnrys. 
Con t ra ind ica t ions  
At present. there  itre no ktrown contrainti 
lions to t h e  use of *mTc-irun-ascorbatcLDT 
Wnrningsl 
The  contents of t h e  two Ilnimatic'% dispn!,. 
syringes prnvidrd in the  k i t  a r e  intended o 
for use in the preparation of the  *"TC.I 
rtscorbate-DTPA and  are N O T  to be d i m  
in j ec t ed  i n t o  a pat ient .  
Renotec (Technetium 99nr-Iron-Ascrob 
1)TF'A Kit)  is not radioactive. However. a: 
Y'mTr-aodium pertechnetate is added, adequ 
shielding of t h e  resulting preparation must 
maintained. 
This radiopharmaceutical should not be 
ministered to patients who a r e  pregnant 
who may become pregnant o r  during lactat 
unless t h e  information to be gained outwri, 
the pcrssible potential risks from ?he rndint 
pxpasure involved. 
Since ""Tc is excreted in milk during lac 
tinn. formula-feedings should be substi tui  
Tor bre.wt-feedinps. 
Ideally. examinations using radiopharrnac, 
ticals, especially thtne elective in nature ,  o 
WomRn of childbearing capability, should 
performed during t h e  first few (approximat 
10) days following t h e  onset of menses. 
Radiopharmaceuticals should be used only 
physicians who a r e  qualified by sprcific CTY 
,ng in the  safe use and safe handling of 
jionuclides. produced hy nuclear reactor 
:yclotron. and  whose experience a n d  t ra ini  
3ave been approved by the  appropriate fede: 
)r s t a t e  xgrncy authorized to license t h e  use 
.adionuclides. 
P recau t ions  
rhe  components of the kit a r e  steri le and  nc 
iymgrnic. I t  is essential t ha t  the user follc 
he  directions carefully a n d  adhere to str, 
w p t i c  procedures during preparation o f t :  
xoduct.  
ro assure adequate ur inary flow, t h e  patie 
ihould be sufficiently hydrated To rriinimi 
.adintion dose to t h e  bladder, t h e  patie 
Nhould be encouraged to void when t h e  exam 
iation is completed and as often thereaf ter .  
ms ib le  for t h e  next  four to six hours. 
is in t h e  use of any  other radioactive materib 
a r e  should be taken to insure minimum rad1 
ion exposure to  t h e  patient consistent wii 
r o p e r  patient management and  to insure mil 
mum radiation exposure to occupation. 
vorkers. 
Jse the  preparation within six hours  af ter  I.  
weling with *"Tc. 
4dve-e Reac t ions  
it present, adverse reactions have not bee 
eported following t h e  administration of T 
ron-axorbatrDTPA prepared with Renotr  
Technetium 99m-Iron-Ascorbate-DTPA Kit1 
' r epa ra t ion  of -Tc-Iron-Ascorbnt- 
) T P A  
'he directions outlined below mus t  h ca r t  
ully followed for optimum preparation of th. 
echnetium 99m-iron-ascorbate-DTPA. Th 
'Tc-sodium pertechnetate used should b 
bteined by eluting a Squibh Technetium 99r 
knera to r .  See t he  packnge insert  provide 
rith the generotor for complete directions 0' 
lut ing nnd assaying %Tc. Ik, not use t h e  elL 
te if there  is any  evidanceof fomign matter.  I 
'"'Tc-sodium pertechnetate solutions mus t  b 
iluted for use with Renotrr  (Technetium 9% 
ron-ArorbateDTPA Kitl. only Squibb Tech 
- , ; , , - ~ ~ ~ r ~ - ~ - " . ~ - . . , ~ - : ,  -~ . 
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Product Information 

TABLE 1 
Technetium 'Nm 

Principal Radiation Emission Data 
______________--.------I... --. - 

-.-- --- 
Mean 9 per Mean Energy 

Radiation Disintegrat ion (ked  

\I ' a electron, y-1 98.6 1.7 
88.3 140.5 

. i n t  w n .  electron, 7-2 1.1 137.7 
;amma4 0.09 142.7 
< int. con. electron, y-3 0.96 121.7 
i a x-rays 6.5 18.4 

__- - -_--..._-- ---- --.------ . ~ - -  - - - . ~  

t d e l e c t r o n . y . 2  8.6 119.5 

)~l lman LT: Radmnuclidc Decay &hemes and Nuclear Parameterr for Use in Radiation-Dole 
'dmalion. MIRD Pamphlet No. 4. J Nucl Med Suppl2:22,1969 
; p e e i k p m m a  ray con-knt Tor '""Tc is0.72 R/mCi-hr. at 1 cm. The ha1Tvalue layer is 0.25 mm. 
tf W. To facilitate control ofthe mdiation exposure from millicurieamounb of the radionuclide. 
he use of a 4 mm. thickness of lead will attenuate the radintion emilIed by a factor of about 
0,OOO. 

TABLE 11 
Decay Chart: Technetium 99m half-lire. 6.0 hr. 

Ioun Remaining Hnurr Remaining 

_________-___ ~ ___-_______ ____- ---.- .- 

-- -- - .-- -- - ._ - - - . -- - -- - - - . . . - 
Fraction Fraction 

--I - - --- 
-6 1.779 5 ,562 
-4 1.587 6 ,500 
-3 1.414 7 446 
- 2  1.260 8 .397 
- 1  1.122 9 354 

0' loo0 10 315 
1 .891 11 ,281 
2 .794 12 .250 
3 .707 18 .125 
4 .630 24 ,069 

%libration time - 
reparation of -'Tc-iron.aamrbate-DTPA the 
dution will undergo color changes ranging 
-om brown to yellow. 
* U l r  

Swab the rubber closure of the Sterile Re 
action Solution vial with germicide. Race 

I a suitable radiation shield; k e e p  
Qhielded at all times dur ing  the 

1 iration. 
A-pica l ly  inject the propervolume(1 to5 
ml.) of sterile v c  eluate into the Sterile 
Reaction Solution vial. The volume is d e  
t e n n i n d  by thc required d w g e  (in mil- 

- -  licuries) and the activity of the eluatc at 
the time ofadministration (see Step No. 5). 
Relieve the excess pressure in t h e  vial 
by withdrawing a volume of air from 
t h e  vial approrimately equal  to t h e  vol- 
ume of the d u u t e  injected. Shake the 
vial gently to mix the contents. 
Assemble Syringe 1. containing sterile 
0.07N sodium hydroxide (see Directions for 
Assembly of Unimatic Syringe on Csrton). 
and azeptically inject the entire contents 
into the Sterile Reaction Solution vial. Re- 
lieve t h e  excmfi prrasure  in  t h e  vinl by 
withdrawing apprnrimately 2 ml. of 
air. Shake the vial gently to niix the con- 
tents. 
Assemble Syringe 2. containing sterile 
DTPA solution. and aseptically inject i t s  
entire contents into the Sterile Reaction 
Solution vial. Relieve excess prebsure by 
withdrawing approximately 2 ml. of 
air. Shake the vial gently to mix the con- 
tents. 
Calculate the radioconcentration of the  
~ " ' T c - i r o n - ~ c o r l a t ~ ~ T P A  aolution by 
using the following furmula: C = A + (6 + 
VI. where C = radioconcentration of the 
WmTc.iron-aseorbalcl)TPA solutiun 
ImCilml.), A = *"*Tc activity added to 
Sterile Reaction Solutinn vial (mCi). and V 
= volume of94"Tcdunte added to Sterile 
Reaction Solution vial (nil.). 

6. Rcoord the time and date of preparation 
and the radioactivity and volume of the  
sTc-ironJncorbato-DTPA rolution on the 
pmsure-nensitive label supplied Tor each 
kit. Place the label on the radiation shield. 

7. The prepared solution may be stored at 
mom temperature; use within six hours 
after prepration. 

h g e  a n d  Administration ' 

Ttle suggested dose range for the average pa- 
tient (70 kg.1 for kidney imaging is 3 Lo 5 mil- 
licuries of !'!""Tc-iron-uscorbate-IYTPA admin- 
istered intravenously. 
Withdrawals from the Sterile Reaction Solu- 
tion viol should be made with a 22-26 gauge 
needle. 
The patient doreshould he measured by a suit- 
nble radioactivity calibration system immedi- 
ately prior to administration. 
Physicnl Chrracteriut ica 
Technetium 99m decays by isomeric transition 
with a physical half-life of G hours. Photons 
that are useful for imaging studies arc listed in 
Table I. 
To correct for radioactive decay. multiply the 
assay value stated on the label by the fraction 
remaining at the time of administration. The 
fraction remaining a t  selected time intervals 
before and after the calibration time is shown 
in Table 11. 
Radiation Dosi 

doses to an average 70 kg. patient from nn in- 
travrnous injection of n maximum dose of 20 
millicuries of *Tc-iron-ascorbak-DTPA is 
shown in Table 111. 

TABLE 111 
Technetium 99m 

Radiation Doses for 70 kg. Man 
- 

-- -_ ._ ____ . - - - . . ._ - _ _  _- 
Absorbed Dose (rads) 

Tissue 20 mCi **mTc 

ladder 11.1 

- - .- . - - -_ .- -. . .. . . -. . 
idneys 0.64 E 

0 32 
varies 038 

0 32 

&hod of Cnlculation: A Schema Tor A B  
rbcd-l)orr Calculations lor Biologieplly De 
iburcd Radionuclides F7 - Nucl _ _ _ _ _  Med _.. _._- Suppl -- -- 1:7. 

This reagent kit is approved for use by persons 
licensed by the US. Nuclear Regulatory Cam- 
mission pursuant to Sn. 35.14 and .%. 35.100 
Group 111 of 10 CFR Part 35 or under equiva- 
lent licennes of Agreement Stales. 
Storage 
Store in rerrigerator; protect from light. 

How Supplied 
In cartons containing 5 Kits. Each Kit includes 
the following eomponenls: one Sterile Reaction 
Solution vial providing 2 ml. o f a  sterile aque- 
ous solution containing 10 mg. ferric chloride 
(5 mg./ml.l. 5 to 10 mg. ascorbic acid (2.5 to 5 
mg./ml.). and sodium hydroxide to adjust the  
pH to 2.04.0 (the solution contains no preser- 
vative); OM 2 ml. UnimaticO disposable syrin- 
d y r i n g e  l S t e r i l e  0.07N Sodium Hydrox- 
ide Solution-each 2 ml. provides 5.6 mg. ~t 
dium hydroxide (2.8 tng./ml.l in aqueous solu- 
tion; one 2 ml. Unimatic dispasble s y r i n g t  
Syringe "*rile Dirthylenetriamine Pen- 
taacetic Acid Solution-each 2 ml. provides 5 
mg. DTPA (2.5 mg./ml.l in aqueous iiolution; 
and an adequate supply of presunaensi t ive 
labels. 

P - -- -- 

SETWO'FOPEO B 
Selenomethionine So 76 Injection 
Dercription 
%hotope (Selcnomethionine Se 75 Injection) 
is a sterile. nonpyrogenic, aqucous wlution for 
intravenous use, oT Lselenomethionine '%e 
providing a specific ndjvity of not less than 25 
microcuries per microgram nfselenium at the 
time of manufacture. The preparation a h  
contains, in each ml.. not more than 3 mg. L 
methionine as a carrier, not more than 12 mg. 
2aminathanelhiol ss an antioxidant. d i u m  
chloride for irolonicity. and 0.9% (w/v) benzyl 
alcohol as a preservative: the pH has bean ad- 
jusled to 3.5-6.0 with sodium hydroxide or hy- 
drochloric acid. 
Actions 
Slenomrthionine is an analog of the essential 
amino wid. methionine. in which the sulfur 
atom is replaced by a selenium atom. After 
intravenous administration. aelenomethionine 
%e is localized in all organs involved in active 
protein synthesis and is incorporated into 
newly synthesized pruteins. A relatively high 
degree of uptake is found in the pancreaa 
which is relutcd to rapid rate of synthesis of 
digestive enzymes in this organ. The peak of 
pancreatic activity is observed within the first 
half-hour after intrrrvenouk administration. 
Significant uptake also occurs in the liver and 
proximal small intestine, 3s well as several 
other tissues. 
Indications 
Sethotope tSelenomethiunine Se 75 Injection) 
is indicated for paiicreas imaging as an aid in 
the diammis of suspected pancreatic disease. 
Contrnindicntiona 
A t  present, there are no known contraindica- 
lions to the use of Selenoinethionine Se 75 In- 
jection. 
Warnings 
This rndiopharmaceutical should not be ad- 
miniatercd ptieiits who are  pregnant or  
uho  nmy k o m e  pregnant or during lactation 
unless the information la be gained outweighs 

Conrinued on next pegc 
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I. 

MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Divis ion 

Oak Ridge Associated Un ive r s i t i e s  

Gould A. Andrews, M.D. PROPOSAL NO. 7 7- / u 
x PERSON SUBMITTING PROPOSAL 

The Committee approves wi th  t h e  following l i m i t a t i o n s :  

Radiopharmaceutical may- may n o t  / b e  administered t o  p a t i e n t s  under 
18  years  of age. 

Radiopharmaceutical may- may n o t  /be adminis tered t o  pregnant  p a t i e n t s .  

a The Committee disapproves f o r  the following reasons: 
d 
I 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Proposal does I/ does n o t  r equ i r e  approval of Committee on Human Studies .  
_- 

Human Studies  approval granted on 
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i NOTICE OF CLAIMED INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical and Health Sciences Division (MHSD), Oak Ridge 

Associated Universi t ies  (ORAU) , O a k  Ridge, Tennessee 

Apri l  5 ,  1977 

1. NAME OF DRUG: 68GA EDTA. This drug w i l l  be dissolved in a sterile, 
nonpyrogenic s a l i n e  so lu t ion  and administered intravenously.  

2. COMPONENTS : 

68 a. Gallium-68 ethylenediamine-NNN'N'-tetraacetic ac id  ( Ga EDTA). 

b.  

c. Sodium chlor ide.  

Disodium ethylenediamine - NNN'N' - tetraacetic ac id  (Na2 EDTA). 

d. Water. 

3. QUANTITATIVE COMPOSITION : 

Since the 68Ga present  i n  68Ga EDTA is  radioact ive (Ti12 = 68 min.), 
w e  cannot state an exact re la t ionship  between the components of t h i s  
preparat ion a t  the  time of administration. From radiatgon dosimetry 
considerations,  however, we  have determined that the maximum 68Ga 
a c t i v i t y  administered w i l l  no t  exceed 0.23 m C i  per  kilogram of body 
weight (a 15 m C i  dose f o r  a 70 kg subjec t ) .  
sh ip  between 68Ga and the o the r  components i n  the  prepara t ion  w i l l  be  
determined by the tine t h a t  elapses from the e lu t ion  of 68Ga from its 
generator and the administration of the a en t  t o  the p a t i e n t .  Also 
there w i l l  be a gradual decrease i n  the  68Ga y i e l d  of the generator  
as parent  68Ge decays w h i l e  the amount of e lu t ing  Na2 EDTA will remain 
the sme. The composition s t a t e d  below, therefore,  represents  the dose 
limits that w i l l  be adhered t o  f o r  the components i n  this radiopharma- 
ceu t i ca l  preparation: 

a. 

The quant i ta tLve re la t ion-  

68Ga EDTA: 
(15 m C i  t o t a l  f o r  a 70 kg subjec t ) .  

maximum of 0.23 m C i  per  kilogram of body w e i g h t  

b. Disodium EDTA: 
(35 mg t o t a l  fo r  a 70 kg subjec t ) .  
administered (a,  above) w i l l  be negl ig ib le  compared t o  t h a t  of 
Na2 EDTA. 

maximum of 0 . 5  mg per  kilogram of body weight 
The weight of 68Ga EDTA 
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c. 
. 

Sodium ch lo r ide :  
(70 mg t o t a l  f o r  a 70 kg  s u b j e c t ) .  

m a x i m u m  of 1 mg pe r  kilogram of body weight 

'd. Water: maximum of 0.15 m l  p e r  kilogram of  body w e i g h t  (10 m l  
t o t a l  f o r  a 70 kg sub jec t ) .  

4. SOURCE OF NEW DRUG SUBSTANCE: 

The 68Ga w i l l  be sepa ra t ed  as needed from i ts  p a r e n t ,  68Ge, by e l u t i o n  
of a 68Ge, 68Ga genera tor  ob ta ined  from N e w  England Nuclear (NEN), 
Boston, Mass. 
EDTA a d j u s t e d  t o  pH 7.0. 

The e l u e n t  w i l l  b e  a 0.005 M s o l u t i o n - o f  sterile Na2 

5 METHODS , FACILITIES AND CONTROLS 

Gallium-68 w i l l  b e  e l u t e d  from an NEN genera tor  u s ing  10 m l  p o r t i o n s  
of a pH 7.0, 0.005 M Na2 EDTA s o l u t i o n .  These por t ions  of e l u t i n g  
s o l u t i o n  w i l l  b e  conta ined  i n  i n d i v i d u a l  vials (Wheaton Glass Co., 
M i l l v i l l e ,  N . J . )  that have previous ly  been f i l l e d ,  capped and steam 
s t e r i l i z e d .  E a c h  b a t c h  of  vials  w i l l  have been checked before  use 
f o r  s t e r i l i t y  and absence of  pyrogens using s tandard  USP techniques.  
The 0.005 M EDTA s o l u t i o n  w i l l  b e  prepared by d i l u t i o n  of a 0.5 M 
EDTA s t o c k  s o l u t i o n  supp l i ed  by NEN. 
genera tor  y i l l  b e  c o l l e c t e d  i n  a sterile beaker  conta in ing  1 m l  of 
sterile 9% aqueous s a l i n e .  After mixing, the s o l u t i o n  w i l l  be 
f i l t e r e d  through a steri le,  nonpyrogenic 0.22 p m i c r o f i l t e r  (Mil l ipore 
Corp., Bedf ord, Mass .) i n t o  a precapped, p r e s t e r i l i z e d  v ia l  (Wheaton 
Glass). A p o r t i o n  of this f i l t e r e d  s o l u t i o n  w i l l  b e  removed f o r  
rad ioassay ,  USP s t e r i l i t y  t e s t i n g  and pyrogen t e s t i n g  (using the 
P y r o t e s t  Limulus Lysate  technique [Difco Labora tor ies ,  D e t r o i t ,  Mich.]) . 
The s h o r t  h a l f - l i f e  of 68Ga (68 min) precludes pyrogen t e s t i n g  w i t h  
r a b b i t s  i n  the convent iona l  USP manner. 
r e s u l t s  w i l l  become p a r t  of the record.  Radioassay and v e r i f i c a t i o n  
of r a d i o i s o t o p i c  p u r i t y  w i l l  be  c a r r i e d  o u t  us ing  a sodium i o d i d e  
d e t e c t o r  ( c a l i b r a t e d  w i t h  NBS s tandards)  and a mult ichannel  analyzer .  
(A photograph of the gamma ray  spectrum from 0-2 MeV w i l l  b e  made a 
p a r t  of the permanent record.)  
w i l l  then b e  l a b e l e d  as t o  its assay and t o t a l  conten t  (see s e c t i o n  7). 
A f t e r  removal from the vial ,  each 68Ga EDTA dose w i l l  aga in  b e  assayed 
f o r  r a d i o a c t i v i t y  con ten t  j u s t  p r i o r  t o  admin i s t r a t ion  us ing  a Capin tec  
CRC-10 r ad io i so tope  c a l i b r a t o r  (Capintec Inc. ,  Montvale, N. J . )  . 

The e l u a t e  from the 68Ga 

The rad ioassay  and o t h e r  test 

The vial conta in ing  the 68Ga EDTA 

Prepa ra t ion  of  each b a t c h  of  68Ga EDTA f o r  c l i n i c a l  use  w i l l  b e  c a r r i e d  
o u t  in a pos i t i ve -p res su re  clean room equipped w i t h  a v e r t i c a l  laminar 
f low hood w i t h  an a i r  c u r t a i n  (Envirco, Albuquerque, N.M.i .  All glass -  
w a r e  used w i l l  b e  p r e s t e r i l i z e d  by steam. 8Ga EDTA w i l l  
be given a b a t c h  number and a l l  p a r t i c u l a r s  r e l a t i v e  t o  its prepa ra t ion  
and use w i l l  b e  e n t e r e d  i n t o  a master logbook. 

Each b a t c h  of 
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6. STATEHENT OF INFORM4TION AVAILABLE TO THE SPOXSOR: 

W 

a. P r e c l i n i c a l  and Clinical Inves t iga t ions  

1. A n i m a l  s t u d i e s  

Anima l  s t u d i e s  of 65Ga EDTA have been c a r r i e d  o u t  under the  
s u p e m i s i o n  of  R. I,. Hayes (appendix). 
in rats, 68Ga EDTA is  exc re t ed  r ap id ly  through the  kidneys wi th  an 
i n i t i a l  blood h a l f  disappearance time of Q 10 min (1). 
has repor ted  a blood c learance  h a l f  t i m e  i n  the rat of 1 hr over a 1-6 h r  
per iod  using I4C-labeled EDTA. 
exc re t ion  of EDTA 5n the rat  during a 3-hr per iod  (3). 
t r a t i o n s  of  68Ga a c t i v i t y  i n  the rat  through 2 h r s  are shown i n  Table 1 
(our d a t a ) .  
decay) of 68Ga (EDTA) through 2 hrs i n  the rat  as determined i n  a 
geometry-independent small animal whole body counter following removal 
of 68Ga a c t i v i t y  from t h e - u r i n a r y  b ladder  be fo re  assay  (our data also). 
The data i n  Tables 1 and 2 have been used t o  c a l c u l a t e  the r a d i a t i o n  
doses expected t o  occur i n  man (see s e c t i o n  6-a-4). 
of 68Ga EDTA would be  expected t o  occur a t  phys io logica l  pH and conse- 
quent ly  68Ga would be  expected t o  b e  excreted almost completely i n  the 
EDTA form (4). This has been v e r i f i e d  b io log ica l ly  i n  the ra t  (1). It 
is, however, of i n t e r e s t  t h a t ,  although 68Ga iven i n  the EDTA form is  
exc re t ed  r a p i d l y  and almost completely, the 6gGa a c t i v i t y  t h a t  does 
remain is proportioned between' t ransplan ted  tumors and nontumor t i s s u e s  
in much the same way that 67Ga c i t ra te  i s  (see Table 3). This sugges ts  
t h a t  68Ga EDTA may a l s o  be o f  use i n  the de t ec t ion  of e x t r a c r a n i a l  
tumors a t  the  same t i m e  a sea rch  is  being made f o r  i n t r a c r a n i a l  tumors. 

When administered in t ravenous ly  

Foreman (2) 

H e  a l s o  repor ted  over 90% ur ina ry  
Tissue concen- 

Table 2 shows the whole body r e t e n t i o n  ( co r rec t ed  f o r  

L i t t l e  d i s s o c i a t i o n  

2. Human s t u d i e s  

Our research group has had ex tens ive  experience w i t h  t h e  use 
of t he  rad io iso topes  of  gallium. Between 1949 and 1952, we  made an 
ex tens ive  s tudy  of 72Ga (containing s t a b l e  carrier gallium) as a 
p o t e n t i a l  d i agnos t i c  and the rapeu t i c  agent (5), and toward the end of 
that s tudy  our observa t ions  were extended t o  ca r r i e r - f r ee  67Ga (6). 

I n  1966, w e  resumed s t u d i e s  on the rad ionucl ides  of t h i s  element; 
this work involved i n i t i a l l y  68Ga c i t r a t e  w i th  var ious  doses of added 
sta5le gall ium carrier f o r  use as a bone-scanning agent (1, 7) .  Som2- 
what later, as t h e  result of improvements i n  ins t rumenta t ion ,  w e  resumed 
s t u d i e s  w i t h  67Ga c i t ra te  and ou t  of this work grew the  discovsry t h a t  
67Ga ci trate in c a r r i e r - f r e e  form was a va luable  agent f o r  scanning 
s o f t  t i s s u e  tumors (8). 

C l i n i c a l  s t u d i e s  wi th  68Ga EDTA, the radionuclide and drug 
form t h a t  i s  the  s u b j e c t  of t h i s  I N D  application,have been c a r r i e d  o u t  
by a number of workers. 
e t  a l .  (9) used 68Ga versena te  (EDTA) t o  perform 47 b r a i n  scans i n  35 
p a t i e n t s .  
paren t  6aGe r a t h e r  than the KEN alumina-type genera tor  (10) and a l s o  

I n  an e a r l y  r e p o r t  on 68Ga i n  1964, Shealy 

They used an e x t r a c t i o n  technique t o  s e p a r a t e  68Ga from 

1 0 4 9 0 3 8  
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employed s t a b l e  carrier gall ium i n  the sepa ra t ion  procedure.  The 
dose of 68Ga w a s  n o t  s t a t e d ,  b u t  t he  l a r g e s t  amount of stable ga l l ium 
administered p e r  p a t i e n t  was  about 1 mg. No t o x i c  r e a c t i o n s  were 
reported.  Resul t s  w e r e  considered promising. Got t scha lk  et a l . ,  
took advantage of the ann ih i l a t ion  photons from 68Ga t o  use 68Ga EDTA 
i n  scanning f o r  b r a i n  tumors w i t h  the use of an Anger p o s i t r o n  s c i n t i -  
l l a t i o n  camera. They s tud ied  20 p a t i e n t s  w i t h  doses of 700 to 750 pCi 
p e r  p a t i e n t  w i th  moderately good l o c a l i z a t i o n  of b r a i n  tumors, and no 
untoward r e a c t i o n s  (11). A la ter  r epor t  by Schaer e t  al. (12), which 
may have included some of the same cases i n  the preceding  r e p o r t ,  
described r e s u l t s  i n  96 p a t i e n t s .  I n  addi t ion ,  4 1  p a t i e n t s  w e r e  
s tud ied  b u t  n o t  included in  the  r e p o r t  because of inadequate  follow-up. 
The dosage was usua l ly  400 t o  450 V C i .  No untoward e f f e c t s  were 
recorded. Success i n  l o c a l i z i n g  b r a i n  tumors w a s  considered gene ra l ly  
good. 

The blood c learance  and u r ina ry  excre t ion  of 14C-labeled EDTA 

Anger and Gottschalk (13) have reported that they found the 
i n  man has been r epor t ed  by Foreman t o  b e  similar t o  that found i n  the 
r a t  (2). 
t i s s u e  d i s t r i b u t i o n  and u r ina ry  exc re t ion  of 68Ga EDTA i n  the rat  t o  be  
s imilar  t o  that  repor ted  by Foreman, although they gave no d a t a  i n  their 
paper. 
humans was similar t o  that repor ted  f o r  man by Foreman (14) who used 
l4C-labeled EDTA. 

They also found that the u r ina ry  exc re t ion  of 68Ga EDTA i n  

3. Tox ic i ty  

The t o x i c i t y  of 68Ga, when administered as proposed, should b e  
n i l  from a chemical s tandpoin t ,  s i n c e  the 68Ga w i l l  b e  c a r r i e r - f r e e  and 
hence p r e s e n t  i n  t h e  prepara t ion  a t  only the nanogram level. 

As previous ly  s t a t e d ,  the maximum Na2 EDTA t o  be  adminis te red  
w i l l  b e  0.5 mg/kg (35 mg f o r  a 70 kg sub jec t )  which is f a r  below any 
level that should  produce any t o x i c  symptoms (see 6-a-2 above f o r  
r e p o r t s  on absence of'  human r eac t ions '  t o  the a d m i n i s t r a t i o n  of 68Ga EDTA). 

Prolonged EDTA adminis t ra t ion  a t  high dose levels i n  the rat does 
produce a nephro t i c  syndrome, cons i s t ing  of severe hydropic  degenera t ion  
of the proximal tubules  (15). The ED50 ( the  amount o f  EDTA r e q u i r e d  t o  
produce the f i r s t  h i s t o l o g i c a l  evidence of damage i n  50% of the animals 
t r e a t e d  d a i l y  f o r  16 days) w a s  203 mg/kg/day. Prolonged admin i s t r a t ion  
of  l a r g e  doses w a s  requi red  t o  produce lesions and t h e  l e s i o n s  w e r e  
r eve r s ib l e .  
68Ga EDTA p repa ra t ion  w i l l  be  no more than 0.5 mg/kg, adverse e f f e c t s  
in p a t i e n t s  are considered t o  be  h ighly  unlikely.  

Since the Na2 EDTA t o  be  administered i n  the proposed 

The ORAU-ORNL Committee on Human Studies  h a s  approved these  
s t u d i e s  (see appendix f o r  membership). 
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4. Radiation Dosimetry 

d Gallfm-68 has a 68 min h a l f - l i f e  decaying by p o s i t r o n  e d s s i Q n  
t o  s t a b l e  68Zn. 
excre t ion ,  the r a d i a t i o n  dose t o  p a t i e n t s  w i l l  b e  zccep table. 
It has  been es t imated  by the ORAU Radiopharmaceutical Internal Dosimetry 
Information Center (headed by R. J. Clout ie r )  that the complete decay 
of 1 di of 68Ga EDTA uniformly d i s t r i b u t e d  i n  a 70 kg human, assuming 
no excre t ion ,  would produce a whole body r a d i a t i o n  dose of 0.054 rads 
o r  a t o t a l  of 0.8 r a d s  pe r  15 m C i  (the maximum progosed adminis te red  
dose of 68Ga EDTA). 

Because of its s h o r t  h a l f - l i f e  a d  r a p i d  u r i n a r y  

Table 4 g ives  d e t a i l s  of the expected r a d i z t i o n  dose  t o  v a r i o u s  
organs i n  the human es t imated  from the animal d a t a  shown i n  Tables  1 
and 2 using MIRD methods of dos imet r ic  ca l cu la t ion .  The on ly  normal 
t i s s u e  rece iv ing  a l a r g e  dose of r a d i a t i o n  from the maximum dose of 
68Ga EDTA t o  b e  administered (15 m C i )  w i l l  b e  the V a l 1  of the u r i n a r y  
bladder. It is es t imated  that this p a r t i c u l a r  r a d i a t i o n  dose w i l l  b e  
between 15 and 30 rads, depending on the t i m e  i n t e r v a l  between u r ina ry  
b ladder  emptying (0 .5  t o  1.0 hr i n t e r v a l s ) .  
w i l l  be obtained by thoroughly hydra t ing  the p a t i e n t  w i t h  w a t e r  by 
mouth p r i o r  t o  admin i s t r a t ion  of 68Ga EDTA and encouraging t h e  p a t i e n t s  
t o  u r i n a t e  a t  least once during each hour ly  i n t e n d  after 68Ga EDTA 
adminis t ra t ion  through 3 hours. Each u r ina t ion  would be followed by 
consumption of more water by the p a t i e n t  (see a t t a c h e d  p a t i e n t  consent 
form). Before the matdmum dose of 68Ga EDTA (0.23 sCi/kg) is adminis- 
te red ,  a series of 5 p a t i e n t s  w i l l  be s tud ied  a t  a l e v e l  of 1/3 the 
maximum dose t o  determine from the  timing and amouts of 68Ga e x c r e t e d  
whether the estimates in Table 3 for the dose t o  the  u r i n a r y  b l adde r  
w a l l  are e s s e n t i a l l y  co r rec t .  I f  the s tudy  i n d i c a t e s  t h a t  h i g h e r  
bladder w a l l  doses w i l l  probably b e  incurred, t h e  slaximum dose of  68Ga 
EDTA w i l l  be ad jus t ed  downward accordingly. S ince  the b l a d d e r  and 
excre tory  ducts are considered t o  be r a d i o r e s i s t a n t  s t r u c t u r e s  (16), 
we do n o t  cons ider  that a dose of 30 rads t o  t h e  wall of the u r i n a r y  
bladder is excessive. 

This  frequency of u r i n a t i o n  

A small amount of p a r e n t  68Ge (T1/2 = 287 d) leaches from the 
NEN generator when i t  is e l u t e d  w i t h  EDTA and 68Ge w i l l  n e c e s s a r i l y  be 
present  as a contaminant i n  the 68Ga EDTA prepara t ion .  This 68Ge con- 
tamination amounts, in our experience,  t o  % 0.02% of the 68Ga e l u t e d  
on an a c t i v i t y  b a s i s .  In the rat  germanium is a l n o s t  q u a n t i t a t i v e l y  
excre ted  through the kidney w i t h i n  24 hours,  even k-hen admin i s t e red  
intramuscularly (17). 
therefore ,  act only as a t r a n s i e n t  a d d i t i v e  source  of 68Ga. 
that the  b i o l o g i c a l  h a l f  t i m e  of 68Ge is 0.93 days ( I C E  va lue  for 
71Ge) and that a h a l f - l i f e  per iod  of 68 minutes e l a p s e s  a f t e r  68Ga 
e l u t i o n  be fo re  the 68Ga EDTA prepara t ion  is  administered, i t  is estf- 
mated t h a t  t h e  a d d i t ' o n a l  t o t a l  body r a d i a t i o n  dosa produced by the 68Ge 
i n  a 15 mCi dose of  6'Ga would be  approximately 0.06 r a d s .  

The 68Ge p resent  i n  the p r e 3 a r a t i o n  would, 
Assuming 

The ORAU Medical Radionuclide Committee has reviewed o u r  p ro toco l ,  
and approved of the use of 68Ga EDTA from a r a d i a t i o n  dosimetry s t andpo in t .  w 
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7. 
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9. 

10. 

b. Previous Marketing 

Gallium-68 EDTA has  not been marketed before. 

c. Drug Combination 

Gallium-68 EDTA is no t  a combination of previously marketed drugs. 

LABEL AND INFORMATIONAL MATERIAL: 

The l a b e l  t o  be used w i t h  68Ga EDTA w i l l  have the following form: 

GA-68 EDTA (FOR I .V. I N J E C T I O N )  

Assay m C i / m l  as of 

Vo lume m l :  Batch No. 

Expira t ion  Time 
CAUTION : INVESTIGATIONAL NEW DRUG 
CAUTION : RADIOACTIVE 14ATERLAL 

Oak Ridge Assoc. Univ., Oak Ridge, Tn. 

The i n v e s t i g a t o r s  prepar ing  and adminis t e r i n g  t h i s  drug are working 
i n  c lose  co l l abora t ion  i n  the s a m e  i n s t i t u t i o n .  Therefore, no formal 
information material w i l l  be prepared; however, each p a r t i c i p a n t  w i l l  
of course be  i s s u e d  a copy of this app l i ca t ion .  

SCIENTIFIC T R A I N I N G  AND EXPERIENCE OF INVESTIGATORS: 

The sponsor cons iders  the i n v e s t i g a t o r s ,  a l l  of whom are supported 
by competent a s s o c i a t e s ,  t o  be  w e l l  q u a l i f i e d  f o r  this type of 
research. 
D r s .  Andrews, Hayes, H a n e r ,  and Purvis.  

See b i b l i o g r a p h i c a l  material i n  the  appendix about 

PROGRESS OF THE INVESTIGATION: 

The p r i n c i p a l  i n v e s t i g a t o r  w i l l  be D r .  G. A. Andrews. 
of the i n v e s t i g a t i o n  and evidence of s a f e t y  and e f f ec t iveness  of the 
drug w i l l  b e  eva lua ted  by G. A. Andrews, M.D., R. L. Hayes, Ph.D., 
K. F. Hcbner, M.D. and the sponsor, C.  C. Lushbaugh, Ph.D. , M.D., 
Chairman of the ORAU Medical and Heal th  Sciences Division, w i th  advice 
from the ORAU Medical Advisory Committee and the ORAU/ORNL Comnittee 
on Human Studies  (see a t tached  lists and biographies i n  the appendix). 

The progress 

CLINICAL STUDIES : 

Phase I s t u d i e s  are deemed unnecessary, s i n c e  68Ga EDTA has  a l ready  had 
cons iderable  use i n  p a t i e n t s  w i thou t  evidence of t o x i c i t y  (9, 11, 12). 
The ca r r i e r - f r ee  68Ga p r e s e n t  i n  the prepara t ion  is minute i n  weight, 
far  below any chemically t o x i c  l e v e l  and at the a c t i v i t y  l e v e l  planned 
w i l l  d e l i v e r  a r a d i a t i o n  dose gene ra l ly  w e l l  w i th in  acceptab le  l i m i t s  
f o r  a nuclear medical d i a g n o s t i c  s tudy  (0.8 rads t o  t h e  whole body). 
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The r a d i a t i o n  dose t o  the wr.11 of the ur inary  b l a d d e r  (15-30 rads)  
w i l l ,  however, b e  much higher but  the pro tocol  t o  be used w i l l  act 
t o  minimize t h e  dose t o  this r a d i o r e s i s t a n t  t i s s u e  (see s e c t i o n  
6-a-4). 
w e l l  below any known t o x i c  l e v e l .  

A l l  Phase 11 s t u d i e s  of 6SGa EDTA W i l l  take advantage of tomographic 
techniques made p o s s i b l e  by the pos i t ron  emission of 68Ga. 
emission computerized a x i a l  tomograph (ECAT, a v a i l a b l e  from ORTEC Inc ,  , 
Oak Ridge, Term.) w i l l  b e  used in a l l  s tud ie s .  This  instrument is a 
r e f ined  vers ion  of the S t .  Louis PETT I11 (18). Only nonpregnant a d u l t  
p a t i e n t s  capable of g iv ing  informed consent w i l l  be  s t u d i e d  and each 
w i l l  b e  f u l l y  informed concerning the ex ten t  of r a d i a t i o n  exposure 
ihvolved and t h a t  the s tudy  is experimental. 
consent (copy a t tached)  w i l l  b e  obtained from each p a t i e n t .  Blood 
samples w i l l  b e  taken and q u a n t i t a t i v e  measurements of whole body 
r e t e n t i o n  and u r ina ry  exc re t ion  w i l l  be made i n  o r d e r  t o  select optimum 
doses of 68Ga EDTA and the timing f o r  b e s t  imaging. 
dosimetry w i l l  b e  r ev i sed  on the b a s i s  of the data c o l l e c t e d .  

The following Phase I1 s t u d i e s  w i l l  be ca r r i ed  o u t  us ing  68Ga EDTA: 

The amount of EDTA present  i n  the p r e p a r a t i o n  w i l l  a l s o  be  

A p o s i t r o n  

A w r i t t e n  document of 

E s t i m a t e s  of r a d i a t i o n  

a. Imaging of  Kidney and Bladder 

The main o b j e c t i v e  is t o  v i s u a l i z e  the  kidneys w h i c h  concent ra te  
This exc re t ion ,  a l though 68Ga EDTA and excrete i t  i n t o  the urine.  

rapid,  is slow enough t o  permit imaging the 1:idneys as has been 
demonstrated by earlier work (1). Transverse s e c t i o n  ECAT images of 
the body through the kidneys should show tumors and c y s t s  as areas of  
decreased concent ra t ion .  I n t r i n s i c  and e x t r i n s i c  l e s i o n s  may a l s o  b e  
shown due to '  anatomical d i s t o r t i o n s .  

P a t i e n t s  w i l l  a l l  have suspected o r  proven r e n a l  l e s i o n s ,  and will 
be r e f e r r e d  from phys ic ians  in.the-Oak Ridge-Knoxville area and 
poss ib ly  from the E a s t  Tennessee C h e s t  Disease H o s p i t a l  l o c a t e d  in 
Knoxville. 
0.23 mCi/kg o r  less. 
i n  the f i r s t  p a t i e n t s  s tud ied .  O p t i m a l  r e s u l t s  are expected wi th in  1 hour. 
Depending upon the  promise shown by i n i t i a l  r e s u l t s ,  w e  expec t  to  s tudy  
up t o  30 p a t i e n t s  i n  this fashion. Bladder images w i l l  b e  made i n  the 
same group of p a t i e n t s  a t  the completion of t h e  r e n a l  study. This 
research p r o j e c t  is expected t o  be  completed w i t h i n  a per iod  of 1 t o  2 
years.  

The 68Ga EDTA w i l l  b e  given in t ravenous ly  in doses of 
Imaging w i l l  s t a r t  immediately a f t e r  admin i s t r a t ion  

The p r i n c i p a l  ques t ion  t o  be answered is whether t h i s  test is  supe r io r  
t o  intravenous pyelography w i t h  con t r a s t  media as a method of  s tudy ing  the  
kidneys f o r  anatomical l e s i o n s .  

b. Detection and Loca l i za t ion  of  Brain Lesions 

It is known t h a t  68Ga EDTA l o c a l i z e s  i n  some b r a i n  tumors and o t h e r  
(vascular) l e s i o n s  because of  disturbances i n  t h e  blood-brain-barrier,  
and poss ib ly  by o t h e r  mechanisms (11). Because of i t s  p o s i t r o n  emission 
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and the  r e s u l t i n g  improved anatomic l o c a l i z a t i o n  by  new tomographic 
ins t rumenta t ion ,  68Ga EDTA may poss ib ly  b e  s u p e r i o r  t o  99mTc per-  
t echne ta t e  i n  some c l i n i c a l  s i t u a t i o n s .  
i n  t e n s  of b e t t e r  l o c a l i z a t i o n  o r  b e t t e r  d i f f e r e n t i a t i o n  of the type 
of l e s ion ;  the la t te r  would eventua te  i f  there is some unknown chemical 
behavior  unique t o  68Ga EDTA and certain types of l e s i o n s .  

This s u p e r i o r i t y  might b e  

P a t i e n t s  w i l l  b e  those  with known o r  s t rong ly  suspec ted  b r a i n  
l e s ions .  Most of them will be  r e f e r r e d  by D r .  John T. Pu rv i s ,  a neuro- 
surgeon p r a c t i c i n g  i n  Knoxville.  68Ga EDTA will b e  adminis te red  a t  a 
dose level of 0.23 mCi/kg o r  less. Imaging of the b r a i n  w i l l  be s t a r t e d  
immediately a f t e r  the in t ravenous  des? is  given, and i n  the  i n i t i a l  
p a t i e n t s  w i l l  be  continued f o r  as long as s ta t i s t ica l ly  v a l i d  images can 
b e  obtained. Optimum results are expected t o  occur between 30 minutes  
and 2 hours.  Images will b e  compared w i t h  those ob ta ined  with o t h e r  
s tandard  techniques,  such as r o u t i n e  9 9 q c  b r a i n  scans, pneumo- 
encephalograms, and s u r g i c a l  r e s u l t s .  A s p e c i f i c  comparison w i l l  b e  
made i n  as many cases as p o s s i b l e  between p o s i t r o n  computerized trans- 
axial  tomography (ECAT) and X-ray t ransmission computerized axial 
tomography. The la t te r  type s t u d i e s  are a v a i l a b l e  a t  the P r e s b y t e r i a n  
Hosp i t a l  i n  Knoxville where D r .  Purv is  p r a c t i c e s .  A t o t a l  of up t o  30 
p a t i e n t s  w i l l  b e  s t u d i e d  over a 1- t o  2-year pe r iod  u s i n g  th i s  p r o t o c o l .  

The p r i n c i p a l  ques t ion  t o  b e  answered by this s t u d y  is whether the 
proposed new technique w i l l  g ive  s u p e r i o r  d i agnos t i c  i n fo rma t ion  i n  
certain c l in ica l  s i t u a t i o n s .  

c .  Detec t ion  of Obscure S o f t  T issue  Tumors 

Gallium-67 citrate is  of known value  i n  v i s u a l i z i n g  cancers and 
abscesses .  
of the i s o t o p e  from surrounding normal t i s s u e s .  
is known t o  b e  q u i t e  r ap id  (see Table 51, b u t  h igh  67Ga levels bound by 
plasma p r o t e i n s  d i c t a t e  delay of scanning unt i l  48 hours  a f t e r  
admin i s t r a t ion  t o  permit  c learance  of 6 7 G a  from the blood.  
pointed ou t  i n  s e c t i o n  6-a-1, 68Ga EDTA shows a tumor-to-nontumor d i s -  
t r i b u t i o n  p a t t e r n  similar t o  that of 67Ga citrate a l though a b s o l u t e  
t i s s u e  concent ra t ions  f o r  the EDTA form are much lower than they  are 
w i t h  the c i t r a t e  form. Thus i t  is  p o s s i b l e ,  cons ider ing  the r a p i d  
c learance  of 68Ga EDTA from the blood and the e s s e n t i a l l y  uniform 
d e t e c t i o n  of p o s i t r o n  emitters w i t h  r e spec t  t o  depth,  t&t, u s i n g  
p o s i t r o n  tomography, 68Ga EDTA could a l s o  b e  e f f e c t i v e  i n  d e t e c t i n g  extra- 
cranial tumors, i . e  . , fol lowing o r  dur ing  a' 68Ga EDTA b r a i n  s t u d y  . 

Imaging is usua l ly  delayed f o r  48 hours  t o  allow c l e a r a n c e  
Uptake i n  the l e s i o n s  

As w a s  

P a t i e n t s  w i t h  a known diagnos is  of malignant d i s e a s e  w i l l  b e  used. 
Gallium-68 EDTA w i l l  be  given in t ravenous ly  a t  a dose of 0.23 mCi/kg. 
Imaging w i l l  b e  s t a r t e d  w i t h i n  30 minutes after adminis t ra t ion. .  The 
r e s u l t s  w i l l  be compared i n  as many ins t ances  as p o s s i b l e  w i t h  67Ga 
citrate scans ,  and a l s o  w i t h  a l l  o the r  a v a i l a b l e  d a t a  from d i a g n o s t i c  
tests, surgery and autopsy. 

The main ques t ion  to  be  answered is whether t h i s  d i a  o s t i c  procedure 
h a s  c l i n i c a l  va lue  and is  poss ib ly  equal  o r  s u p e r i o r  t o  EGa scanning.  
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11. The sponsor w i l l  n o t i f y  t h e  Food and Drug Adminis t ra t ion i f  the  
i n v e s t i g a t i o n  is discont inued,  and the reason for i t .  

W 
12. The sponsor w i l l  n o t i f y  the i n v e s t i g a t o r s  i f  a new drug app l i ca t ion  

i s  approved. 

13. There are no p lans  f o r  s e l l i n g  t h i s  drug; Oak Ridge Associated 
U n i v e r s i t i e s  is a nonpro f i t  corpora t ion ,  and our interest is only in 
the b a s i c  and in t roduc to ry  c l i n i c a l  research phase of t h i s  work. 

14. The sponsor  w i l l  no t  p e r m i t  i n i t i a t i o n  of c l inical  s t u d i e s  of 68Ga EDTA 
p r i o r  t o  30 days a f t e r  the d a t e  of r e c e i p t  of n o t i c e  of this  a p p l i c a t i o n  
by the Food and Drug Adminis t ra t ion.  He also will cont inue t o  withhold 
o r  t o  restrict  c l i n i c a l  s t u d i e s  i f  reques ted  t o  do so by the Food and 
Drug Adminis t ra t ion p r i o r  t o  the e x p i r a t i o n  of such 30 days. 
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W Table 1 

Tissue Dis t r ibu t ion  of 68GaEDTA i n  COBS Rats 
* 

** 
Percent of in jec ted  dose/gram 

Tissue 30 min. 60 min.. 120 min. * ** 
Liver 0.096 5 0.009 0.11 f 0.019 0.08 2 0.008 
Spleen 
fcidn0,y 

Muscle 

Femur 

Blood 

0.165 f 0.014 0.18 2 0.032 0.30 2 0.028 

1.143 2 0 . 1 6 7  0.68 5 0.040 0.36 5 0.003 

0.042 5 0.003 0.03 f 0.003 0.02 +O.OOO 
0.091 0.013 0.05 2 0.003 0.05 2 0.005 

0.189 2 0.014 0.11 5 0.004 0.04 2 0.004 

* 
5 o r  more animals p e r  group. ** 

*** Normalized t o  body weight of 250 g. 

Standard e r ror .  

Table 2 
* 

Whole Body Retention of 68GaEDTA i n  COBS Rats 

T i m e  ( m i n )  Percent Re ten t ion  

5 92.7 - + 1.80** 

10 60.6 2 1.51 

15 63.6 5 5.45 

30 40.1 f 6.01 

45 23.6 2 2.54 

60 19.4 - + 2.26 

90 9.6 5 0.75 

120 13.7 2 0.53 

180 9.4 f 1.46 
* 
** 5 animals per group. 

Standard e r ro r .  
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Table 3 

Comparison of the Tissue D i s t r i b u t i o n  of 

w i t h  that of 67Ga EDTA i n  Fischer  344 Rats Bearing 

RFT Tumors 

7Ga Citrate 
'U 

Tissue  Citrate EDTA 

Tumor (%/g) 4.2 0.071 
* 

Rat io  tumor to: 

Liver 4 . 3  2.8 

Spleen 3.0 0 . 4  

Kidney 4.6 1.2 

Lung 13 .O 8.9 

Muscle 21.0 18.0 

Femur 2.9 2.1 

Blood 19 .o 12  .o 
* 

Normalized t o  body weight of 250 g; 4 animals  

per group. 

Table 4 

Radiation Dose (Rads) from I . V .  I n j e c t i o n  of 1 m C i  of 68Ga EDTA i n  Man Ext rapola ted  * 
from R a t  Data 

Bladder Wall 
Voiding Time (hr) To t a l  
4.8 1.0 0.5  Body Kidney L i v e r  Spleen Lung Ovary Testes 

0.017 0.083 0 .O 76 5.1 2.0 1.0 0.051 0.063 0.022 0.028 

* 
Dose t o  a l l  organs except  b ladder  w a l l  w a s  ca l cu la t ed  by M I R D  method assuming 

a 4 .8  hour void ing ' in te rva l .  Volume of u r i n e  i n  b ladder  w a s  assumed to b e  200 m l .  
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Table 5 

of 67Ga in RFT Tumor Tissue w i t h  Time 

Time (hr) X Administered 67Ga/g 
1.11 2 0.15 * 2 

4 1.93 fr 0.33 

12 3.35 5 0.37 

24 3.59 5 0.17 

Standard error; 4 animals per group. 
* 
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OAK RIDGE ASSOCIATED US LVERS IT1 ES 
Oak Ridge, Tennessee 

Consent f o r  Expzrinental T e s t  

I authorize the perFormance upon 
(myself or name of p a t i e n t )  

of the  following t e s t :  
ethylenediamine-N,N,N'N'-tetraacctic ac id  (6SSa-EDTA) as a n  agent t o  de tec t  b r a i n ,  

. soft t i s s u e  or kidney tumors, and/or non-tumorous les ions  i n  b r a i n  or kidneys. 

The na ture  and purpose of t he  test, the r i s k s  involved, and t h e  p o s s i b i l i t i e s  
of coapl ica t ions  h a m  bilm explained t o  ne. I u rde r s t and  t h z t  t h i s  tee& is  not a 
treairn?tit f p r  ny disorder nor is i t  being done priinarily €or ny benefit, r a the r  t h a t  
t he  test is f o r  experimental purposes and is being done only f o r  gather ing infonna- 
t i o n  r e l a t e d  t o  my disease,  treatment or  both. Further, I understand that any in- 
formation learned from doing t h i s  test becomes the property of ORAU and may b e  pub- 
l i shed  i n  the  s c i e n t i f i c  l i terature  a t  the d iscre t ion  of t he  s t a f f  of the  Oak Ridge 
Associated Univers i t ies  Medical Division. 

Phase I1 Radiopharmaceutical Tests of '8Ga-labeled 

Date: 
(Pat ient  or  person zuthorized to consent 
f o r  p a t i e n t )  

- Witness: 

I have ta lked with about t h e  proposed t e s t  to be 
given including the  following: 

1. 

2. 

3. 
4. 

5 .  

W 

6 .  

This is  a modified rad ioac t ive  drug: 
ac id  (a chelat ing agent)]  which d i f f e r s  from the  previously known and medically 
approved form of t h i s  drug only by the  f a c t  t h a t  i t  is labeled with C8Ga. 

The drug contains t h e  i so tope  68Ga and a chelat ing agent i n  q u a n t i t i e s  much less 
than those required to produce any measurable chemical e f f e c t  i n  the body. 
P a t i e n t s  should f e e l  no e f f e c t  from the  drug. 

However, untoward e f f e c t s  are remotely possible  with any new drug. 

The rad ia t ion  dose w i l l  be  no more than 0.8 rad t o  the  whole body, and probably 
less. 
(approximately twice t h e  year ly  approved occupational dose.) 
i n  a diagnos t ic  tes t  such a s  t h i s  has  some p o s s i b i l i t y  of cont r ibu t ing  t o  an 
increased incidence of cancer o r  leukemia. 
by the  ORAU Medical Radionuclide Committee and is believed so low as t o  make 
the  possible  bene f i t s  of t h e  test far outweight the  poss ib le  r i s k s .  

Blood samples (2 m l )  will be drawn a t  frequent i n t e r v a l s  during a period 1-1/2 
hours a f t e r  adminis t ra t ion for  research purposes, and ur ine  samples w i l l  also 
be co l lec ted  f o r  e period of 2-3 hours. 
cause some discomfort. 
t h e  isotope and one f o r  an in ly ing  sample co l lec t ing  tube. 

The p a t i e n t  w i l l  be expcsctcd t o  drink severa l  glasses OF water before  and during 
t h e  procedure. 

[ 68 Ga-ethylenediamine-N,N,N'N'-tetraacetic 

The bladder w i l l  receive a higher dose, possibly as much as 30 rads  
All r ad ia t ion  used 

This possibility has been considered 

The venipunctures w i l l  inevi tab ly  
\-!e hope t o  l i m i t  them t o  two - one f o r  administering 

1 0 4 9 0 5 0  
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7. 
8.  

Scans w i l l  be made with a special 

The patient may withdraw from the 
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6 6 ~ a - ~ ~ ~ ~  

tonographic 

test at any 

fege 2 

scanner. 

t iine . 

Date: 
Investigator 
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Consent for Experimental Test 6 6 ~ a - ~ ~ ~ ~  

~ w 7. 

8.  

Scans w i l l  be m a d e  w i t h  a sphial toinographic scanner. 

The patient  may withdraw frclhthe test at any t i m e .  

Date: 
Investigator 
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R. L. Hayes, Ph.D. 
K. F. Gbner, M.D. 
J. T. Purvis, M.D. 

ORAU/OP\NL Committee on Humn Studies: 

Gould A. Andrcz~s , 11. D. (Satriztary) 
Director of Clinical Applications 
Medical and Health Sciences Division 
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P. 0,  Box 117 
Oak Ridge, Tennessee 37830 

A. Bertrand B r i l l ,  M.D., l 5 . D .  
Associate Professor, Dept, of He&cine 
Division of Nuclear Medicine t Physics 
Vanderbilt University Schoctl of Me&& 
Nashville, Tennessee 37203 

Donald W. Goobin, Ph.D, 
Minister, United Church 
Chapel-on- the-Hill 
Oak Ridge, Tennessee 37830 

Karl F, Hibner, M.D. 
Chief of Outpatient C l i n i c a l  Studies 
Medical and Health Sciences Division 
Oak Ridge Associated Universities 
P. 0, Box 117 ’ 

Oak Ridge, Tennessee 37830 

Melvin E. Koons, J.D, 
Y-12 Area ,  Building 9704-2 
Union Carbide Nuclear Coapany 
P. 0. Box Y 
Oak Ridge, Tennessee 37830 

Robert D. Lange, 1I.D. (Chairman) 
Assistant Director 
University of Tennessee 
Hemrial Research Center C Hospital 
1924 Alcoa Highway 
Kno-mi 11 e, Tennessee 379 20 
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W 

Michael S c o t t  Lawer, J .D.  
S t a f f  Attorney , 

Oak Ridge Associated U n i v e r s i t i e s  
P. 0. Box 1 1 7  
Oak Ridge, Tennessee 37830 

Thomas A. Lincoln, M.D. 
D i rec to r ,  Health Divls ion  
Oak Ridge National Laboratory 
Building 4500-N, Room IC-122 
Oak Ridge, Tennessee 37830 

Clarence C, Lcshbaugh, Fh.D., M.D. (Ex o f f i c i o )  
ChaL~-a ,  Ikdical b: Kcalth Scienc2s Division 
O a k  Ridge Associated U n i v e r s i t i e s  
P. 0. Box 117 
O a k  Ridge, Tennessee 37830 

John B. S t o r e r ,  M.D. 
D i rec to r ,  Biology Divis ion  
Oak Ridge Nat iona l  Laboratory 
O a k  Ridge, Tennessee 37830 

Joan B. Woods, M.D. 
Psy chiat ris t 
Veterans Administration Hosp i t a l  
Ifurf reesboro, Tennessee 37130 

ORAU Medical Advisory Committee: 

George B. Hutchison, M.D. 
Profes so r  of Epidemiology 
Harvard Univers i ty  School of P u b l i c  Health 
55 Shat tuck  
Boston, Nassachusetts 02115 

John 11. Johnston, Ph.D. 
Department of Biochemistrg 
Univers i ty  of Texas Medical School 
(Sou thwes tern) 
D a l l a s ,  Texas 75235 

David K u h l ,  M.D. 
Div is ion  of Nuclear Medicine 
Room B2-128 
Center f o r  the Health Sciences 
Univers i ty  of C a l i f o r n i a  
Los Angeles, C a l i f o r n i a  90024 

Leonard A. Sagan, Ph.D. 
I n t e r n a l  Medicine, Research Administration 
Assoc ia te  D i rec to r ,  Dept. of Environmental 1-ledicine 
Palo Alto  l l ed ica l  C l i n i c  

Pa lo  Alto, C a l i f o r n i a  94301 
-W 300 Homzr Avenue 
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W i l l i a r n  If. Stone, 31.3. 
Professor  of Geneiics 
Universi ty  of Wisconsin 
Nadlson, Wisconsin 53706 

Joseph F. Volker, Pi1.3. (Ex o f f i c i o  member from t h e  ORAU Board of Direc tors )  
Pres ident  
Universi ty  of Ala3 a 2  
Birmingham, f lab  

Name : Gould A. h d r e w s  (see a d d i t i o n a l  material a t  end of Appendix) 
Posi t ion:  I n t e r n i s t ,  Director  of Clinical Applicat ions 
School: Univers i ty  of Nichigan, A.B., 1940 

Universi ty  of Michigan, N.D., 1943 
Licensure : Tennessee 
Boards : I n t e r n a l  Xedicine, Nuclear lfedicine 
Memberships: Society of Exper i ren ta l  Biology and bfedicine; American 

Associa t ioz  f o r  Cancer Research; American Thyroid Associat ion;  
Society or' Xuclear Medicine; Southern Socie ty  f o r  Clinica!. 
Research; lnlerican Medical Association; American Assoc ia t ion  
for the Xdvancemnt of Sciences; American Federa t ion  f o r  
Clinical Pssearch; Fellow, Anerican College of Physicians ; 
Americasz Society of Hematology (1968); Health Physics 
Society,  E a s t  Tennessee Chapter; Tennessee Academy of Science; 
Tennesses Blood Club 

Name: A. B e r t r a d  B r i l l  
Posi t ion:  Associate  Professor  of Medicine and Radiology, Vanderbi l t  

School: Gr inne l l ,  X.B., 1949 
School of YAdicine 

University of U t a h ,  X.D., 1956 
u n i v e r s i t y  of Cal i forn ia ,  Berkeley, Ph. D., 1 9 6 1  

Licensure : Tennessee 
Menherships: American Association for the  Advancenent of Science; Soc ie ty  

of  N u c l e v  Xedicine; Radiation Research Society,  American 
Thyroid Association 

Medical E r e c t o r ,  Division of Radiological  Health, 
U. S .  Publ ic  I i e d t h  Service,  1957-1964, Rockville,  Maryland 

Other Indica t ion  of Experience and Competence: 

Name : Donald W. Goodwin 
Pos i t ion  : Minister ,  United Church, Chapel-on-the-Hill 
School: Bangor Theological Seminary, Bachelor of D i v i n i t y ,  1959 

Brown Universi ty ,  Ph.D. , 1965 
Meriberships: M i n i s t e r i a l  Standing, United Cnurch of C h r i s t  

u Addit ional  Member of various boards which change from t i m e  to t i m e  
Information : 
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4 Kame: 
Posit ion: 
Schools : 

Posi t ions:  

Memberships : 

I n t e r e s t s :  

Name : 
Posi t ion  : 
Schools : 

Posi t ions:  

Memberships : 

Name: 
Schools : 

L/ 

Licensure : 
Posi t ions:  

Me& ersh ips  : 
I n t e r e s t s :  

R. L. Hayes 
D i r e c t o r  of Radiopharmaceutical Development, Chief S c i e n t i s t  
Universi ty  of North Carolina,  B.S., 1944 
Univers i ty  of North Carolina, Ph.D., 1952 
Senior  Ccexiat ,  C. S.  Rdiber Co., Xotth Caro l ina ,  1944 
U. S. Arw, 1944-46 
ORAU No-diczl Division, 1950 - present  
American Chemical Society,  Society of Nuclear Medicine, 
Ret icu loendothe l ia l  Society 
Developrent of mcdica l  radioisotopic agents  ; r a d i a t i o n  
dosimetry 

George B, Hutchison 
Epidemiologist, Nichael Reese Hospi ta l ,  Chicago, 66-present 
Harvard Universi ty ,  A.B., 1943 
Harvard University,  MOD., 1951 
Harvard Universi ty ,  M.P.H., 1960 
Fel .  med. Lahey Clin., 52-55; asst. med. d i r .  E q u i t a b l e  Life 
Assurance Soc,, U.S., 55-56; Health Ins. P l a n  Greater New York, 
56-57; dir, res. City Health Dept., New York, 57-59; asst. prof. 
epidemiol. sch, pu3. hezlth, Harvard, 60-61; assoc. p r o f .  61-66; 
Consult, Health Ins. Plan Greater New York, 57-present 
Fel. Am, Pub, Health Asn; Am. Sta t i s t .  Asn; World Med. Asn,; 
Asn. Teachers Prev. Med, 

Karl F. BGbner 
2 years of col lege ( las t  2 years  of Gernan "high school") 
1952-54 
Universi ty  of Heidelberg, Germany, M.D., 1959 
Tennessee 
Senior  Staff Efeder w i t h  c l i n i c a l  staff of the ORAU Medical 
Divis ion,  1971 t o  present  
Research Associate  i n  Experimental Immunology, ORAU Medical 
Division, 19 6 7- 70 
Resident i n  P e d i a t r i c s ,  University of Tzbingen, Germany, 

Resident i n  Cl inical  Invest igat ion,  Oak Ridge Ins t i t u t e  of 
Nuclear S tudies  (now Oak Ridge Associated U n i v e r s i t i e s )  , 
I n t e r n s h i p  ( ro ta t ing)  a t  2nd General H o s p i t a l  of the U. S. 
Army, and the 86th T a c t i c a l  Hospital of the U. S. A i r  Force,  
1960-61 
AHA, Tenn. Ned. Assoc ia t ion .  
C l i n i c a l  i u u n o l o g y  , treatment of n e o p l a s t i c  d i s e a s e s  of the 
bone marrov and lyziphatic system, w i t h  s p e c i a l  interest  i n  
immunotherapy and t ransplan ta t ion  immunology 

Medical School, 1964-67 

1962-64 
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Professor of Biochemistry, Univers i ty  of Texas (Southwest) 
Med. School, Dallas, 1966-present 
B.A., Hastings Colorado, 1949; Ph.D., Colorado, 1953 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Division 

Oak Ridge Associated Univers i t ies  

PROPOSAL NO. 77-2 'ZRSON SUBMITTING PROPOSAL Karl F. Hzbner, M.D. 

DESCRIPTION : 

The Cornnittee approves with t h e  following l imi t a t ions :  

Radiopharmaceutical may- may n o t  ,Yw be  administered t o  p a t i e n t s  under 
18  years of age. 

Radiopharmaceutical may- may n o t  / b e  administered t o  pregnant p a t i e n t s .  

Other: 

a The Committee disapproves f o r  the  following reasons: 

e 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

1' 

Acknowledgement of submi t te r  Date 

Human Studies approval granted on 
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TABLE 1 

Est imated  Radiation Dose t o  Humans from Intravenously Administered 
la * 

Gall ium-trsp,  C i t r a t e  

Rads/mCi Radsl15 mC% ’. .. Tissue 

G a s  t r o in tes  t ina 1 tract  
Stomach 0.042 0.63 

S m a l l  i n t e s t i n e  0.21 3.15 

Upper l a rge  i n t e s t i n e  0.23 3.45 

Lower la rge  i n t e s t i n e  0.094 1.41 

Gonads 
Ovaries 0.048 0.72 

Testes 0.039 0.59 

Kidneys 

Liver 

0.089 1.34 

0.096 1.44 

Marrow 0.10 1.50 

t Skeleton 

Spleen 

Tota l  body f 

0.094 1.41 

0 -13 1.95 

0 .OS2 0.78 

* 
From r e f .  6. A l l  dose calculat ions assume a uniform d i s t r i b u t i o n  

of  a c t i v i t y  i n  an organ. 

Skeleton = bone + marrow. 

Dose calculated assuming a uniform d i s t r ibu t ion  of r ad ioac t iv i ty  

i n  t o t a l  body. 

* 



NOTICE OF CLADED INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical and Health Sciences Division (MHSD), Oak Ridge 

Associated U n i v e r s i t i e s  (ORAU), O a k  Ridge, Tennessee 

Date: May 31, 1977 

1. NAME OF DRUG: GALLIUM-68 CITRATE. This drug w i l l  b e  d isso lved  i n  a 
sterile, nonpyrogenic s a l i n e  s o l u t i o n  and administered intravenously.  

2. COMPONENTS: 

a. Gallium-68 citrate.  

b. Sodium citrate.  

c. Sodium ch lo r ide .  

d. Water. 

3. QUANTITATIVE COMPOSITION: v 

Since the 68Ga p re sen t  i n  68Ga  c i t ra te  i s  rad ioac t ive  (T1/2 = 68 min.), 
we cannot state an e x a c t  r e l a t i o n s h i p  between the  components of this 
prepara t ion  a t  the t i m e  of  adminis t ra t ion .  From r a d i a t i o n  dosimetry 
cons idera t ions  , however, we have determined t h a t  the maximum 68Ga a c t i v i t y  
t o  be  administered w i l l  no t  exceed 0.23 m C i  per  kilogram of body w e i g h t  
(a 15 m C i  dose f o r  a 70 kg s u b j e c t ) .  
68Ga and t h e  o t h e r  components i n  t h e  prepara t ion  w i l l  be determined by t h e  
t i m e  that e l a p s e s  from t h e  e l u t i o n  and prepara t ion  of 68Ga i n  t h e  c i t ra te  
form and i t s  admin i s t r a t ion  t o  the p a t i e n t .  The composition s t a t e d  below, 
the re fo re ,  r ep resen t s  t h e  dose limits t h a t  w i l l  be  adhered t o  f o r  t h e  
components i n  t h i s  radiopharmaceutical  preparation: 

The q u a n t i t a t i v e  r e l a t i o n s h i p  betwesn 

a. Gallium-68 c i t r a t e :  
(15 m C i  t o t a l  f o r  a 70 kg s u b j e c t ) .  

maximum of 0.23 m C i  per  kilogram of body weight 

b. Sodium citrate: 
t o t a l  f o r  a 70 kg  s u b j e c t ) .  

maximum of 0.5 mg per kilogram of body weight (35 mg 

c. Sodium chlor ide :  
(105 rng t o t a l  f o r  a 70 kg s u b j e c t ) .  

maximum of 1.5 mg per kilogram of body weight 

d.  Water: maximum of  0.15 m l  p e r  kilogram of body weight (10 ml t o t a l  
f o r  a 70 kg s u b j e c t ) .  

1 0 4 9 0 b 3  
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4. 

5 .  

SOURCE OF NEW DRUG SUBSTANCE: 

The 68Ga w i l l  be  sepa ra t ed  as needed from i t s  parent ,  68Ge ,  by e l u t i o n  
of a 68Ge-68Ga generator obtained from New England Nuclear (NEN), Boston, 
Mass. 
ethylenediamine te t raace tate (Na 2EDTA) ad j us t ed  t o  pH 7.0. 

The e l u e n t  used w i l l  be  a 0.005 M s o l u t i o n  of sterile disodium 

METHODS, FACILITIES AND CONTROLS: 

Gallium-68 w i l l  be  e l u t e d  from an  NEN generator using 10 m l  p o r t i o n s  o f  
a pH 7.0, 0.005 M Na2 EDTA so lu t ion .  These po r t ions  of e l u t i n g  s o l u t i o n  
w i l l  b e  contained i n  i n d i v i d u a l  v i a l s  (Wheaton Glass Co., M i l l v i l l e ,  N.J.) 
t h a t  have previous ly  been f i l l e d ,  capped and steam s t e r i l i z e d .  Each ba tch  
of vials  wi l l  have been checked be fo re  use f o r  s t e r i l i t y  and absence G Z  
pyrogens us ing  s tandard  USP techniques. The 0.005 M EDTA s o l u t i o n  w i l l  b e  
prepared by d i l u t i o n  of a 0.5 M EDTA s tock  s o l u t i o n  supp l i ed  b y  NEN. 

The e l u a t e  from t h e  68Ga genera tor  w i l l  be  c o l l e c t e d  i n  a beaker  and 
mixed w i t h  a n  equal  volume of reagent  grade concentrated hydrochlor ic  
acid.  The 68Ga contained i n  this Q 6 N H C 1  s o l u t i o n  of 68Ga EDTA w i l l  
be f r eed  of EDTA and traces of aluminum and 68Ge by t h e  an ion  exchange 
technique of Car l ton  and Hayes (1) as modified by f€na,towich (2),  and the  
r e s u l t i n g  s o l u t i o n  of 68Ga c h l o r i d e  w i l l  then be  converted t o  t h e  c i t ra te  
form by the combined procedures ou t l ined  below. 

The 'L 6 N HC1 s o l u t i o n  of 68Ga EDTA from above w i l l  be run  r a p i d l y  through 
a Bio-Rad AG 1-X2, 50-100 mesh, 0.4 c m  x 2.5  c m  anion exchange column 
(ch lo r ide  form) t h a t  has previously been washed thoroughly, f i r s t  w i t h  
pyrogen-free d i s t i l l e d  w a t e r  (water f o r  i n j e c t i o n  b a c t e r i o s t a t i c ,  U.  S .P., 
Parke-Davis, D e t r o i t ,  Mich.) and then wi th  6 N HCL. The Bio-Rad AG 1-X2 
r e s i n  w i l l  b e  obtained from Bio-Rad Labora tor ies ,  Richmond, C a l .  It w i l l  
b e  washed f r e e  of f i n e s  and s t o r e d  i n  0 .1  N €IC1 p r i o r  t o  use  i n  conversion 
of 68Ga EDTA t o  68Ga chlor ide .  
cons t ruc ted  as needed from t h e  b a r r e l  of a steri le 1 m l  g l a s s  s y r i n g e  
(conta in ing  a plug of g l a s s  wool t o  support  t he  r e s i n ) .  
posable p l a s t i c  stopcock (MX401, Medex Inc., H i l l i a r d ,  Ohio) w i l l  be 
a t t ached  t o  the t i p  of the syr inge .  The flow through t h e  exchange column 
w i l l  be  c o n t r o l l e d  by s e t t i n g  the  flow c o n t r o l  on a s p e c i a l  a d d i t i o n  
funnel [l) s o  t h a t  t h e  l e v e l  of the 68Ga EDTA - H C 1  i n  t h e  column is h e l d  
j u s t  above the top of t he  r e s i n  bed. Following the  passage of a l l  t h e  
68Ga EDTA-HC1 s o l u t i o n  i n t o  the ion-exchange column, the  column w i l l  then 
be  washed wi th  four po r t ions  of 6 N H C 1  ( t he  volume of  each wash be ing  
l a r g e r  than  the previous wash t o  in su re  complete r i n s i n g  of a l l  s u r f a c e s  
prev ious ly  i n  contac t  with t h e  68Ga EDTA-HC1 s o l u t i o n ) .  
w i th  a 0.4 n i l  (one void  volume) po r t ion  of pyrogen-free d i s t i l l e d  water 
w i l l  then be  made. (The s o l u t i o n s  pass ing  through the  column,containing 
the  EDTA as well as t r a c e s  of aluminum and 68Ge,will b e  d iscarded . )  

The e l u t i o n  of the  68Ga re t a ined  by the column w i l l  then be  made w i t h  a 
1.0 ml por t ion  of  pyrogen-free d i s t i l l e d  water. 
allowed t o  run  i n t o  a steri le beaker containing a s te r i le  magnetic 
s t i r r i n g  b a r ,  1.5 ml of 2.5% sodium c i t r a t e  s o l u t i o n  (Eli L i l l y  and Co., 
Ind ianapol i s ,  I n d . ) ,  4 m l  of pyrogen-free d i s t i l l e d  water and 4 m l  of 
sterile, nonpyrogenic 0.9% sodium chlor ide  s o l u t i o n  (sodium c h l o r i d e  i n j  . , 

Columns f o r  68Ga EDTA conversion w i l l  b e  

A s t e r i l e  dis- 

A f i n a l  wash 

This s o l u t i o n  w i l l  be 
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b a c t e r i o s t a t i c ,  U.S.P., Abbott Labora tor ies ,  North Chicago, I l l - )  
r e s u l t i n g  s t i r r e d  s o l u t i o n  w i l l  b e  brought t o  a pH of 7.0 2 0.4 wi th  
1.0 N MaOH us ing  a pH meter and a combination e l e c t r o d e .  
e l e c t r o d e  w i l l  b e  s t o r e d  i n  aqueous 0.9% benzyl  a l coho l  between uses . )  
The f i n a l  s o l u t i o n  of  68Ga c i t r a t e  w i l l  then be  f i l t e r e d  through a s ter i le ,  
nonpyrogenic 0.22 p m i c r o f i l t e r  (Mil l ipore Corp., Bedford, Plass . )  i n t o  a. 
precapped, p r e s t e r i l i z e d  vial  (Wheaton Glass) .  A p o r t i o n  of t h i s  f i l t e r e d  
s o l u t i o n  w i l l  b e  removed f o r  rad ioassay ,  USP s t e r i l i t y  t e s t i n g  and pyrogen 
t e s t i n g  (using the P y r o t e s t  l imulus l y s a t e  technique [Difco Labora tor ies ,  
De t ro i t ,  Mich.]). The s h o r t  h a l f - l i f e  of 68Ga (68 min) prec ludes  pyrogen 
t e s t i n g  w i t h  r a b b i t s  i n  t h e  convent ional  USP manner. 

The 

(The t i p  of t he  

Radioassay and v e r i f i c a t i o n  of r a d i o i s o t o p i c  p u r i t y  w i l l  b e  c a r r i e d  out  
by means of a sodium i o d i d e  d e t e c t o r  ( c a l i b r a t e d  w i t h  NBS s tandards)  and 
a mult ichannel  ana lyzer .  (A photograph of the  gamma r a y  spectrum from 
0-2 MeV w i l l  b e  made a p a r t  of t he  permanent record.)  
the 68Ga c i t r a t e  w i l l  then be l abe led  as  t o  i t s  assay  and t o t a l  conten t  
(see s e c t i o n  7 . A f t e r  removal from the  v i a l  and j u s t  p r i o r  t o  adminis- 
t r a t i o n ,  each k8Ga  c i t r a t e  dose w i l l  aga in  b e  assayed f o r  r a d i o a c t i v i t y  
conten t  using a Capintec CRC-10 rad io iso tope  c a l i b r a t o r  (Capintec Inc. ,  
Montvale, N.J.). 

Prepara t ion  of each ba tch  of 68Ga c i t r a t e  f o r  c l i n i c a l  use w i l l  b e  c a r r i e d  
o u t  i n  a pos i t i ve -p res su re  c l ean  room equipped wi th  a v e r t i c a l  laminar  
flow hood with a n  air  c u r t a i n  (Envirco, Albuquerque, N.M.). A l l  glassware 
used w i l l  be p r e s t e r i l i z e d  by steam. Each ba tch  of 68Ga c i t r a t e  w i l l  be 
given a b a t c h  number and a l l  p a r t i c u l a r s  r e l a t i v e  t o  i ts p repa ra t ion  and 
use w i l l  b e  e n t e r e d  i n t o  a master logbook. 

The v i a l  conta in ing  

6. STATEMENT OF INFORMATION AVAILABLE TO THE SPONSOR: W 

a. P r e c l i n i c a l  and C l i n i c a l  Inves t iga t ions .  

1. A n i m a l  and human s t u d i e s  

Gallium-67 citrateras suppl ied  by New England Nuclear (NEE), North 
Billerica,  Mass., i s  an approved new drug f o r  d i agnos t i c  u s e  i n  the  
demonstration of certain malignancies such as  Hodgkin's d i sease ,  lymphomas 
and bronchogenic carcinoma. T h i s  NDA c l a s s i f i c a t i o n  by FDA of N E N ' s  67Ga 
citrate p repa ra t ion  w a s  based a t  least i n  p a r t  on our  i n s t i t u t i o n ' s  
p ioneer ing  work us ing  I N D  5489 (67Ga c i t r a t e ) .  The s c i e n t i f i c  l i terature  
is now replete w i t h  documentation of the  e f f e c t i v e n e s s  of  67Ga c i t r a t e  as 
an agent f o r  d e t e c t i o n  of malignancies i n  humans. It has a l s o  been shown 
t o  b e  of use i n  t h e  d e t e c t i o n  of  abscesses ,  p a r t i c u l a r l y  those i n  the  
ab domen. 

W 

The drug p r e p a r a t i o n  involved i n  t h i s  app l i ca t ion  (Gallium-68 c i t r a t e )  
is  e s s e n t i a l l y  the same as NEN's NDA Gallium-67 c i t r a t e  except  t h a t  67Ga 
w i l l  be  rep laced  w i t h  c a r r i e r - f r e e  68Ga, a pos i t ron  emitrer having a ha l f -  
l i f e  of 68 minutes. Because of th i s  f a c t  i t  is  f e l t  t h a t  t h e r e  is s u f f i -  
c i e n t  in format ion  gene ra l ly  ava i l ab le  i n  the  l i t e r a tu re  on the use of 
c a r r i e r - f r e e  ga l l i um rad ionuc l ides  i n  both  animals and humans t o  preclude 
ou r  submission of d e t a i l e d  information i n  this a p p l i c a t i o n  on the  expected 
t i s s u e  d i s t r i b u t i o n  of gallium-68 c i t r a t e  and t h e  l a c k  of  any p o s s i b l e  
t o x i c  e f f e c t s  that  might r e s u l t  from the  use of i t .  An NEN gallium-67 
c i t ra te  package insert  is a t t ached  f o r  in format iona l  purposes.  
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W 

Our c l i n i c a l  i n v e s t i g a t i o n  of gallium-68 c i t r a t e  w i l l  be c a r r i e d  ou t  w i th  
the use of a pos i t ron  tomograph (ECAT, manufactured by ORTEC Inc , ,  Oak 
Ridge, Tn.). The ECAT i s  a modified vers ion  of the pos i t ron  emission 
t r a n s a x i a l  tomograph (PETT) developed a t  Washington Univers i ty ,  S t .  Louis,  
Mo. ( 3 ) .  Because of t h e  except iona l  r e so lu t ion  and t h r e e  dimensional 
imaging c a p a b i l i t i e s  that are a v a i l a b l e  with the ECAT, i t  is considered 
h igh ly  l i k e l y  t h a t  malignant l e s i o n s  can be  v isua l ized  as w e l l  w i th  pos i t ron  
e m i t t i n g  68Ga (and poss ib ly  even b e t t e r )  than they can be w i t h  gama e m i t t i n g  
67Ga, even though the h a l f  l i f e  of 68Ga (68 min.) w i l l  l i m i t  the  t i m e  
i n t e r v a l  over which imaging can be  c a r r i e d  o u t  (Q 4 h r ) .  
have i n d i c a t e d  that tumor uptake of 67Ga reaches approximately 501: of i t s  
maximum level w i t h i n  2-4 hours a f t e r  adminis t ra t ion  ( 4 ) .  Inflammatory 
processes are w e l l  v i sua l i zed  wi th  6 7 G a  w i th in  2 hours a f t e r  admin i s t r a t ion  
( 5 ) .  
is  now i n  the process of  reviewing t h i s  appl ica t ion .  Gallium-68 c i t ra te  
w i l l  no t  b e  used c l i n i c a l l y  u n t i l  the  approval of bo th  this committee and 
the FDA have been obtained. 

Animal s t u d i e s  

The ORAU-ORNL Committee on Human Studies (see appendix f o r  membership) 

2. Radiation dosimetry 

The r a d i a t i o n  dose t o  t h e  whole body and var ious  organs from t h e  
intravenous adminis t ra t ion  of 68Ga c i t r a t e  has been es t imated  by the  M I X I  
C o m i t t e e  of t he  Society of Nuclear Medicine (6). Data from this  M I K D  
r epor t  on 68Ga ci trate is  shown i n  Table 1. 
Committee has approved the use of 6SGa c i t r a t e  from a r a d i a t i o n  dosimetry 
s t andpo in t  . 

The ORAU Medical Radionuclide 

b . Previous Marketing 

Gallium-68 citrate has  no t  been marketed before .  

c. Drug Combination 

Gallium-68 c i t ra te  is no t  a combination of previously marketed drugs. 

7. LABEL AND INFORMATIONAL MATEECLAL: 

The l a b e l  t o  be  used w i t h  68Ga c i t ra te  w i l l  have the following form: 

GA-68 CITRATE (FOR I . V .  INJECTION) 

Assay m C i / m l  as of 

Batch No. Volume m l  

Expi ra t ion  T i m e  

CAUTION : INVESTIGATIONAL N E W  DRUG 
CAUTION: RADIOACTIVE MATERIAL 

Oak Ridee Assoc, Univ., Oak Ridge, Tn. 

The i n v e s t i g a t o r s  prepar ing  and administering t h i s  drug are working i n  
c l o s e  co l l abora t ion  i n  the  same i n s t i t u t i o n .  Therefore, no formal 
information material w i l l  b e  prepared; however, each p a r t i c i p a n t  w i l l  be  
i s s u e d  a copy of t h i s  app l i ca t ion .  
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SCIENTIFIC TRAINING AND EXPERIENCE OF INVESTIGATORS: 8. 

9. 

10. 

The sponsor considers the i n v e s t i g a t o r s ,  a l l  of whom are supported by 
competent a s s o c i a t e s ,  t o  b e  w e l l  q u a l i f i e d  t o  ca r ry  ou t  this research. 
See b i b l i o g r a p h i c a l  m a t e r i a l  i n  the appendix about D r s .  Andrews, Hayes, 
H;ibner, Purv is ,  Washburn, and Wieland. 

PROGRESS OF THE INVESTIGATION : 

The p r i n c i p a l  i n v e s t i g a t o r  w i l l  b e  D r .  K a r l  F. Hcbner. 
of the i n v e s t i g a t i o n  and evidence of s a f e t y  and e f f e c t i v e n e s s  of t h e  drug 
w i l l  b e  eva lua ted  w i t h  advice from the O M U  Medical Advisory Committee 
and the ORAU/ORNL Committee on Human Studies ,  by G.  A. Andrews, M.D., 
R. L. Hayes, Ph.D., K. F. Hcbner, M.D. and the  sponsor,  C. C. Lushbaugh, 
Ph.D., M.D.,  Chairman of t he  ORAU Medical and Health Sciences Div is ion  
(see a t tached  lists and biographies i n  the appendix). 

The progress  of 

CLINICAL STUDIES : 

a. Objectives - To determine, us ing  pos i t ron  tomography,whether 68Ga ( a  
pos i t ron  emitter w i t h  a h a l f  l i f e  of 68 minutes) can i n  t h e  c i t ra te  
form provide d i a g n o s t i c  information supe r io r  t o  t h a t  t h a t  can b e  
obtained wi th  67Ga citrate.  

b .  Source of p a t i e n t s  - P a t i e n t s  w i l l  come from the East Tennessee Chest 
Disease Hospi ta l ,  Fo r t  Sanders Hospi ta l ,  Univers i ty  of Tennessee 
Memorial Research Center and Hospi ta l ,  and from p r i v a t e  pliysicians.  
A l l  p a t i e n t s  w i l l  have the research na tu re  of the procedure expla ined  
by the  r e f e r r i n g  physician, and, a f t e r  f u r t h e r  d i scuss ion ,  an i c f o m e d  
consent form w i l l  be  signed by each p a t i e n t  a t  ORAU (see a t t a c h e d  
consent form). 

c. Categories of p a t i e n t s  - Five d i f f e r e n t  ca t egor i e s  of p a t i e n t s  w i l l  
be s tud ied :  p a t i e n t s  w i t h  known malignancies i n  whom i t  is 
d e s i r a b l e  t o  determine the s i z e  of the  l e s i o n ( s )  and t h e  presence  of 
metastases (20 t o  30 p a t i e n t s ) ,  (2) p a t i e n t s  w i t h  known o r  s t r o n g l y  
suspected b r a i n  tumors primary o r  m e t a s t a t i c  (10 t o  20 p a t i e n t s ) ,  
(3) p a t i e n t s  w i t h  known or  s t rong ly  suspected abscesses, e s p e c i a l l y  
abdominal, medias t ina l ,  and b r a i n  (15 t o  30 p a t i e n t s ) ,  ( 4 )  p a t i e n t s  
w i t h  systemic symptoms, i . e . ,  fever ,  weight l o s s  and unexplained 
anemia, who are suspected of having o c c u l t  cancer  (15 t o  30 p a t i e n t s ) ,  
and (5) p a t i e n t s  suspected of having inflammatory processes  such as 
p a n c r e a t i t i s  (10 t o  20 p a t i e n t s ) .  
s t u d i e s  w i l l  b e  preceded by a s tandard  67Ga scan.)  

Dose - The dose of 68Ga w i l l  b e  n o t  more than 0.23 mCi/kg. Since 
i t  i s  a c a r r i e r - f r e e  nuc l ide ,  the chemical dose w i l l  b e  exceedingly 
small. W e  w i l l  n o t  use the agent i n  pregnant women, any p a t i e n t s  
under 18 yea r s  of age,  o r  persons incapable of g iv ing  informed 
consent. 

(1) 

( In  most i n s t a n c e s  68Ga c i t ra te  

d. 

e. Blood levels, exc re t ion ,  chemical t o x i c i t y  - A l l  of t hese  problems 
have been worked out  f o r  6 7 G a ,  and i t  i s  known t h a t  6SGa  w i l l  behave 
i n  a f a s ion  i d e n t i c a l  t o  t h a t  of 67Ga. 
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Protocol - The 68Ga ci t ra te  doses, a f t e r  a f i n a l  assay recheck, w i l l  
be i n j e c t e d  intravenously.  
adminis t ra t ion .  
Use of t h i s  machine, b u i l t  by ORTEC Inc. ,  of Oak Ridge, Tn., w i l l  no t  
involve any conceivable mechanical hazard t o  t h e  p a t i e n t .  Scanning 
may continue f o r  an hour o r  s l i g h t l y  more, depending on r e s u l t s .  The 
scan s tudy  w i l l  inc lude  r e c t i l i n e a r  whole body scans  and s e c t i o n a l  
scans through the body. 

Scanning w i l l  be s t a r t e d  1 t o  2 hours a f t e r  
This w i l l  b e  done wi th  the  new ECAT pos i t ron  tomograph. W 

W 

11. 

12. 

13. 

14. 

f .  

g *  

h. 

i. 

Evaluation of results - A l l . o t h e r  r e l evan t  c l i n i c a l  and d i agnos t i c  
information w i l l  be c o r r e l a t e d  w i t h  t h e  scan da ta ,  e s p e c i a l l y  subse- 
quent gross  anatomical and h i s t o l o g i c  data obtained a t  surgery o r  
autopsy. 
tumor scanning whether the  tomographic d a t a  w i l l  more than compensate 
f o r  t h e  l o s s  of c o n t r a s t  r e s u l t i n g  from i n a b i l i t y  to delay the  scanning 
t o  allow f a r  e x c r e t i o n  and decreased blood l e v e l s ,  as is  poss ib l e  wi th  
67Ga because of its longer  h a l f - l i f e .  It is  expected, on the b a s i s  of 
data now available, however, t h a t  abscesses and b r a i n  l e s ions  may be  
w e l l  seen r e l a t i v e l y  e a r l y  a f t e r  adminis t ra t ion  of t h e  agent. 

Eventually i t  should be poss ib l e  t o  determine f o r  gene ra l  

S igni f icance  - 
i n  the  diagnosis and l o c a l i z a t i o n  of c e r t a i n  inflammatory and neo- 
p l a s t i c  l e s ions .  The shor ten ing  of t h e  t i m e  requi red ,  as compared wi th  
67Ga, i s  one advantage. 
l e s ions  may improve s t a g i n g  and planning of radiotherapy. 

T h i s  technique may prove t o  be  a s i g n i f i c a n t  advance 

Improved d a t a  on depth and ex ten t  of n e o p l a s t i c  

Duration of stGdy - W e  a n t i c i p a t e  completion of t h e  inves t iga t ion  o f  
p a t i e n t s  w i t h  malignant diseases wi th in  1 t o  2 years, and f o r  the less 
common cases w i t h  abscesses,  p a n c r e a t i t i s  and o the r  poorly defined 
inflammatory processes ,  the  s tudy  should not  exceed a per iod  of 3 years .  

The sponsor w i l l  n o t i f y  the  Food and Drug Administration i f  the i n v e s t i g a t i o n  
is discontinued, and the reason f o r  it. 

The sponsor will n o t i f y  the  i n v e s t i g a t o r s  i f  a new drug app l i ca t ion  is  
approved. 

There are no p l ans  f o r  s e l l i n g  t h i s  drug; Oak Ridge Associated Un ive r s i t i e s  
i s  a nonpro f i t  corporation, and our  i n t e r e s t  is only i n  t h e  b a s i c  and 
in t roductory  c l t n i c a l  research  phase of t h i s  work. 

The sponsor w i l l  n o t  permit i n i t i a t i o n  of c l i n i c a l  s t u d i e s  of 68Ga c i t ra te  
p r i o r  t o  30 days a f t e r  t he  da te  of  receipt  of n o t i c e  of this appl ica t ion  
by the Food and Drug Administration. H e  a l so  w i l l  continue t o  withhold 
o r  t o  restrict c l inical  s t u d i e s  i f  requested t o  do so by t h e  Food and 
Drug Administration p r i o r  t o  the  exp i r a t ion  of such 30 days. 
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April, 1976 

New England Nuclear 
Atomlight Place 

Nor th Billerica. Mass. C1862 

GALLIUM CITRATE Ga 67 
FOR DIAGNOSTIC USE 

DESCRIPTION: Gallium Citrate Ga 67 is supplied ir, isotonic 
solution as a sterile, non-pyrogenic diagnostic radiopharma- 
ceutical lor intravenous administration. Each milliliter of the 
iso:onic solution contains 2mCi of Gallium Ga 67 on the calitra- 
tion date, as a complex l m c d  trom 9ng gallium ch;oride Ga 67. 
2mg of sodium citrate. 6.8mg sodium chloride. and 0.9% 
benzyl alcohol w/v as preservative. The pH is adjusted Io 
between 4.5-7.5 with hydrochloric aciU andlor sodium hydroxide 
solution. Gallium Ga 67, with a half-lite ol 76 hou:s. is cyclotron 
produced by the proton irradiation of enriched zinc oxide, is 
essentially carrier-free and contains negligible concentrations 
of other radioactive isotopes. 

PHYSICAL CHkRACTERlSTlCS 
Gallium Ga 67 decays to stable Zinc Zn 67 by eleclron c a w r e  
with a physical half-life of 78 hours. 

TABLE 1. Principal Radiatioii Emission Data 
Radiation Mean %per Disintegration Mean Energy (ksV1 
Gemma-2 38.0 93.3 
Gamma-3 23 9 184.6 
Gamma-5 16.1 300.2 
Gamma-6 4 . 3  393.6 

TABLE 2. Gallium Ga 67 Decay Chart 
Half-Lile 78 Hours 

Hours Remaining Hours Remaining Hours Remad;ling 
-48 1 5 3  30 0.77 9@ 0 45 
-36 1 3 8  36 0.73 96 0 4 3  
-24 1.24 42 069 io8 0.38 
- 1 2  1 1 1  48 0 65 120 0.35 - 6 1.05 54 0.62 132 0.31 

0' 1 00 60 0.59 144 0.28 
6 0.95 66 0.56 156 0.25 

Fracfion Fraction Fraction 

12 0.90 72 0.53 168 0.23 
18 0 x 5  78 0.50 
24 0.81 84 47  'Calibra!ion Time. 

EXTERNAL RADIATION 
The specific gamma ray wnstant for Gallium Ga 67 is 1 .GR/mCi-hr. 
at lcm. The first half value thickness of lead is 0.04mm. A 
range 01 values for lhe relative attenuation ot the radiation emitted 
by this radionuclidc that results from interposition of various 
lhicknesses of Pb is shown in Table 3 .  For example. the use of 
8mn; of Pb will decrease the external radiation exposure by a 

TABLE 3. Radiation Atlenuation by Lead Shielding 

mm of Pb AttcnuatJon Factor mm 01 Pb Attenuation Factor 

. 

~ factor 01 61. 

Radiation Radiation 
. __--___-- 

1 4.2 5 22 
, 2 7.0 6 31 

3 1 1  7 44 
4 15 8 61 I 

[ 
i 
I 
! protein. 

I 
' 
! 
I 

, 
! 

CLINICAL PHARMACOLOGY: Carrier-free Gallium Citrate Ga 67 
has been found to concentrate in certain viable primary and 
metastatic tumors. The mechanism of concentration is unknown, 
but investigational studies have sh0.m tha: Gallium Ga 67 
accurnula!es in lysosomes and is bound to a soluble intracellular 

It has heen reported in the scientilic lilerature that foliowiiig 
in:ravenous injection. the highest Itssue concentration of Gallium 
(;a 67 - other than tumo:s - is in the renal cortex. After Ihe 
first day. the maximum concentration shifts to bone and lymph 
nodes. and after the first week, 10 liver and spleen. Galliuni IS 
excreted relztive!)' slowly from the body. The average whole 
body reten:ion is 65% after 7 days, with 26% having been 
excreted in Ihe urine and 9% in the stoo!s. 
INOICATIONS AND USAGE: Gallium Citrate Ga 67 may be useful 
to dmonstratc the p:esence and extent of certain malignancies 
such as Hodgkin's disease, lymphomas. and bronchogenic 
carcinoma. Positive Ga 67 uptake in the absence of prior symp- 
toms warrants l o l l o w q ~  as an indication of a potential disease 
state. 

CONTAAINDICATIONS: None known. 

WARNINGS: Gallium Citrate Ga 67 should not be administered 
to children or to patiznts who are pregnant or to nursing nuthers 
unless Ihe information to be gained outweighs the potenlial 
hazards. Idcally. e~aminations using rad!opharmaceutical d r q  
products, especially those elective in nature of a woman of 
ChildDearing capab!lity should be perforiiied during the first 
few (approximately ten) days following the onset of menses. 
PRECAUTIONS: 

GEfJERA! 
A thorough knowledge o! the normal dibtribulion of intravenously 
administered G ~ l l i ~ n ~  Citrate Ca G7 is essential in order 10 

! 
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accurately interpret pathologic studies. 
The finding 01 an abnormal gallium concentration usually implies 
the existence of underlying pathalogy. but lurther diagnostic 
studies should be done lo distinguish benign from malignant 
lesions. Gallium Citrate Ga 67 is intended tor use as an adjunct 
in the diagnosis of certain neoplasms. Certain pathologic con- 
ditions may yield up to 40% false negative gallium studies. 
Therefore a negative sludy cannot be deliilitively interpreted as 
ruling out the presence of disease. 
Lymphocytic lyniphoma frequently does not accumuldte Gallium 
6a 67 sufliciently lor unequivocal iniaging. and the use of gzllium 
with this histologic type 01 lyniphorna is not recommended at 
lhis time. 
Gallium Citrate Ga 67, as well as other radioactive drugs, must 
be handled with care and appropriate safety measures should 
be used to minimize external radiation exposure to clinical 
personnel. Also, care should be taken to minimize radiation 
exposure to patients consistent with proper patient management. 

CARCINOGEWES!S 
No long term animal studies have been perlormed to eva!uate 
carcinogenic potential. 

FREGNANCY CATEGORY C 
Adequate reproduction studies have not been performed in 
animals to determine whether this drug allects lerlilily in males 
or fenlales. has teratogenic potential. or has other adruse 
effects on the fetus Gallrum Citrate Ga 67 should b~ used in 
pregnan! wonien oiily when clearly needed. 

NURSING MOTHERS 
Gallium Citrate Ga 67 has been found to accumulate in breast 
milk and should not be used in nursing niothers. 

PEDIATRIC USE 
Safety and eflectiveness in children have not been established. 

ADVERSE REACTIONS: Severe itching. erythema and rash 
were observed in one patient of 300 studied. 

DOSAGE AND AOMINISTRATIDN: The recommended adult 
(70kgl dose of Gallium Citrate Ga 67 is 2-5rnCi. Gal!iurn Citrate 
Ga 67 is intended lor intravenous administration only. 
Approximately 10% of the administered dose is excreted in the 
feces during the first week after injection. Daiiy laxatives and/or 
enemas are recommended from the day of injection until the 
finai images are o9:ained in order to cleanse the bowel 0 1  radio- 
active niaterial and minimize the possibility of false positive 
studies. 
Studies indicate the optimal tumor to background concentration 

‘ 

. .  

of ratios are often obtained abou! 48 hours post-injection. How- 
ever, considerable biological variability may occur in individuals. 
and acceplable images may be obtained as early as 6 hours and 

The patient dose should be measured by 2 suitab!e radioactivity 
calibration system immediately prior Io administration. 
Radiopharmaceuticals should be used by persons who are 
qualitied by specilic training in the safe use and handling of 
radionuclides produced by nuclear reactor or panicle accelerator 
and whose experience and training have been appioved by the 
appropriate government agencies authorizsd to license the use 
o! radionuclides. 

RAUlATlON DOSIMETRY 
The dosimetry values listed in Table 4 for Gallium Citrate Ga 67 
are those of the MlRD Committee.’ 

TABLE 4. Uosimetry of Gallium Citrate Ga 67 
tor Maximal Dose of LmCi 

as late as 120 hours after injection. ! 
i 

. .  . .  . .  

Rads/SmCi 
Whole Body 1.30 Testes 

RadslSmCi 
1.20 

Skeleion 2.20 Gastroiniestinal Tract 
1.10 1 iver 2.30 Stomach 
1.80  Bone rkrrow 2.90 Small Intestme 

Spleen 2.C5 Upper Large Intestin? 2.80 
Kidney 2.05 1.0wei Large lnlestine 4.50 
Ovarizs 1.40 
‘L!lHD D:se Er:miaie Reporl KO 7. J tiuci Ued. 14 755.G. (19731 

-- 

HOW SUPPLIED: Gallium Citrate Ga 67 is supplied steri!e and 
non-pyrogenic lor intravenous use. Each mi contains 2rnCi 
of Gallium Ga 67 on the calibration date, 2s a complex formed 
from 9ng gallium chloride Ga 67. 2mg of sodium citrate. 6.8mg 
sodiuni chloride. and 0.9% benzyl 21cohoI w/v as preservative. 
The pH is adjusted to between 4.5.7.5 with hydrochloric acid 
and/oi sodium hydroxide solution. 
Vials are available lroni 3mCi to 18mCi in increments 01 3mCi 
on calibratiori date. 

3 cr!!t?a?m c! !he vi21 arc rcd:caclive and adequate shielding 
and handling precautions must be maintained. 

Catalog Number NRP-121 

@ NEW England Nuclear 
Radiopharmaceutical Division 
Atomlight PlaCc. North Billeilcd. Mass 01662 
Telephone 617-657-9531 

511161 5-1065 P R I K I E D  I N  U.S .A .  
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TABLE 1 

Estimated Radia t ion  Dose t o  Humans from Intravenously Administered 
* 

Gallium-68 Citrate  

Tissue Rads/mCi Rads/lS m C i  

Gas tr o i n t e s  tina 1 t ract  
Stomach 

Small intestine 

0.042 0.63 

0.21 3.15 
Upper l a r g e  i n t e s t i n e  0.23 3.45 
Lower l a r g e  i n t e s t i n e  0.094 1.41 

Gonads 
Ovaries 0.048 0.72 

Testes 0.039 0.59 

Kidneys 0.089 1.34 

Live r  0.096 1.44 

Marrow 

Skeleton t 

Spleen 

T o t a l  body f 

0.10 1.50 

0.094 1.41 

0.13 1.95 , 

0.052 0.78 

* 
From r e f .  6. All dose ca l cu la t ions  assume a uniform d i s t r i b u t i o n  

of a c t i v i t y  i n  an organ. 

Skeleton = bone + marrow. t 

* Dose ca l cu la t ed  assuming a uniform d i s t r i b u t i o n  of r a d i o a c t i v i t y  

i n  t o t a l  body. 

. .  . 



Ident .  No .  

OAK RIDGE ASSOCIATED UNIVERSITIES 
Oak Ridge, Tennessee 

Consent f o r  Experimental T e s t  

'L' I au thor i ze  the performance upon 
(myself o r  name of p a t i e n t )  

of t h e  following test: Phase I1 radiopharmaceutical tests of gallium-68 c i t ra te  as. an 
agent t o  d e t e c t  inflammatory processes and tumors of the b r a i n  and o t h e r  s o f t  tissues. 

The n a t u r e  and purpose of the test, the  risks involved, and the p o s s i b i l i t i e s  of any 
complications have been expla ined  t o  m e .  I understand t h a t  th is  test is n o t  a t rea tment  
for  my d i so rde r  nor is i t  be ing  done pr imar i ly  f o r  my b e n e f i t ,  r a t h e r  that the test is 
f o r  experimental  purposes and i s  be ing  done only f o r  ga ther ing  information r e l a t e d  t o  my 
d isease ,  i ts treatment,  o r  both. 
doing t h i s  test becomes the proper ty  of  ORAU and may b e  published i n  the s c i e n t i f i c  
l i t e r a t u r e  a t  t h e  d i s c r e t i o n  of the s t a f f  of t he  Oak Ridge Associated U n i v e r s i t i e s  Medical 
and Health Sciences Div is ion .  

Fur ther ,  I understand that any information l ea rned  from 

Date: 
(Pa t i en t  o r  person au thor ized  t o  consent 
f o r  p a t i e n t )  

Witness: 

I have ta lked  wi th  about t he  proposed test t o  b e  given 
d l u d i n g  the following: 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

This is a modified form of gallium-67 c i t r a t e ,  a radiopharmaceutical t h a t  has been 
approved by the  Food and Drug Administration as a new drug. 
that the p a t i e n t  w i l l  receive the gallium-67 has been rep laced  by gall ium-68, a 
pos i t ron  emitter. 

The drug a l s o  conta ins  c i t r i c  ac id ,  a normal cons t i t uen t  of the body, i n  q u a n t i t i e s  
much less than those requi red  t o  produce any measurable chemical e f f e c t  i n  t h e  body. 
P a t i e n t s  should f e e l  no e f f e c t  from the drug. 

However, untoward e f f e c t s  a r e  remotely poss ib l e  wi th  any experimzntal  drug. 

The r a d i a t i o n  dose w i l l  be approximately 0.8 rad t o  the  whole body. 
tract  v l l l  recei-,is a h ighe r  dose, approximately 4 rads (roughly one t h i r d  the yea r ly  
permi t ted  occupational r a d i a t i o n  dose).  
as this has  some p o s s i b i l i t y  of con t r ibu t ing  t o  an increased  inc idence  of cancer o r  
leukemia. 
Committee and is be l i eved  s o  low as t o  m a k e  the poss ib l e  b e n e f i t s  of t he  test f a r  
outweigh the  poss ib l e  r i s k s .  

The p a t i e n t  w i l l  be  expected t o  d r ink  s e v e r a l  g lasses  of water be fo re  t h e  gallium-68 
c i t ra te  is administered. 

Scans w i l l  be made w i t h  a s p e c i a l  tomographic scanner t h a t  makes use of t h e  pos i t rons  
emi t ted  by gallium-68. 

The p a t i e n t  may withdraw from t h e  test a t  any t i m e .  

I n  t h e  gallium-68 c i t ra te  

The i n t e s t i n a l  

A l l  r a d i a t i o n  used i n  a d i a g n o s t i c  test such 

This p o s s i b i l i t y  has  been considered by the ORAU Medical Radionuclide 

W 

Date : 
( Inves t iga to r )  

1049013 



APPENDIX 
-12- 

Investigators:  u 
R. F. Hubner, M.D., Pr inc ipa l  Invest igator  
G. A. Andrews, M.D. 
R. L. IIayes, E'h.D. 
J. T. Purvis, M.D. 

W 

OUJJ/Ol34L Commit tee on Human Studies  : 

Gould A. Andrews, M.D. (Secretary) 
D f  rec t o r  of C mica1 Applications 
Medical and Health Sciences Division 
O a k  Ridge Associated Univers i t ies  
P. 0. Box 117 
Oak Edge, Tennessee 37830 

A. Bertrand Brill, M.D., P h . D .  
Associate Professor ,  Dept. of Medicine 
Divis ion of Nuclear Medicine & Physics 
Vanderbi l t  Universi ty  School of  Medicine 
Nashv,ille, Tennessee 37203 

Donald I?. Goohin,  Ph.D. 
Minister, United Church 
Chapel-on- the-Hill 
Oak Ridge, Tennessee 37830 

Karl F. H a n e r ,  M.D. 
Chief of Outpatient Clinical Studies  
l fediczl  and Health Sciences Division 
Oak Ridge Associated Un ive r s i t i e s  
P. 0. Box 117 
O a k  Ridge, Tennessee 37830 

Melvin E. Koons, J.D. 
Y-12 A r e a ,  Building 9704-2 
Un-ion Carbide Nuclear Conpany 
P. 0. Box Y 
Oak Ridge, Tennessee 37830 

Robert D. Lange, M.D. (Chairran) 
Assis t a t  Di rec to r  
Universi ty  of Tcnnessec 
I-Xemorial Xeseard1 Center C l f o s p i t a l  
1924 Alcoa Highway 
Kno-mille,  Tennessee 37920 



-13- 

Michael S c o t t  Lawyer, J .D .  
S t a f f  Attorney 
Oak Ridge Associated U n i v e r s i t i e s  
P. 0. Eox 117  
Oak Ridge, Tennessee 37830 

d 

Thoms A. Lincoln, M.U. 
Di rec tor ,  Health Divis ion  
Oak Ridge Nat iona l  Laboratory 
Building 4500-N, Room K-122 
Oak Ridge, Tennessee 37830 

Clarence C. Lcshbaugh, ?h.D. , M.D. (Ex o f f i c i o )  
Ciaincan, Nedica l  & Kealth Sc iencss  Div is ion  
Oak Mdge Assoc ia ted  U n i v e r s i t i e s  
P. 0. Box 117 
Oak Ridge, Tennessee 37830 

John 8. S t o r e r ,  M.D. 
Direc to r ,  Biology Divis ion  
O a k  Mdge Nat iona l  Laboratory 
O a k  Ridge, Tennessee 37830 

Joan B. Woods, M.D. 
P s y c h i a t r i s t  
Veterans Administration H o s p i t a l  
Murf reesboro, Tennessee 37130 

ORAU Medical Advisory C o m i t  tee: 

George B. Hutchison, M.D. 
P ro fes so r  of Epidemiology 
Harvard Unive r s i ty  School of P u b l i c  Health 
55 Shattuck 
Boston, Massachusetts 02115 

John PI. Johnston, Ph.D. 
Department of Biochemistry 
Univers i ty  of Texas Medical School 
(Southwes tern) 
Dallas, Texas 75235 

David Kuhl, M.D. 
Div is ion  of Nuclear Medicine 
Room B2-128 
Center f o r  t h e  Health Sc iences  
Univers i ty  of C a l i f o r n i a  
Los Angeles, C a l i f o r n i a  90024 

Leonard A. Sagan, Ph.D. 
I n t e r n a l  Medicine, Research Administration 
Assoc ia te  D i rec to r ;  Dept . of Environmental Pfedicinc 
Pa lo  Al to  Medical C l i n i c  
300 Homer Avenue 
Pa lo  Alto, C a l i f o r n i a  94301 



-1 4- 

I ~ l i l l i a m  H. Stone, 31.3. 
P r o f e s s o r  of  Genetics 
Univers i ty  of Wisconsin 
Piadison, Wisconsin 53706 

W 

Joseph F. Volker, T‘n.9. (Zs o f f i c i o  member f r o s  t h e  OXAU Board of D i rec to r s}  
Pres iden  t 
Un ive r s i ty  of Ala3~22 
Eirmingham, Alab 222 

B I O W B I C A L  Pl.AERI.4L 

Name: Gould A .  -?i-?drews 
Pos i t i on :  I n t e r n i s t ,  D i rec to r  of C l i n i c a l  Appl ica t ions  
School: Un ive r s i ty  of Plichigan, A.B. , 1940 

Unive r s i ty  of Michigan, N.D., 1943 
Licensure : Tennessee 
Boards: I n t e r n a l  !-‘edicine , Nuclear Pfedicine 
Memberships : Socie ty  05  E - s r i m n t a l  Biology and Nedicine; American 

A s s o c i a t i o i  for Czncer Research; American Thyroid Assoc ia t ion ;  
Soc ie ty  of Xuclear Medicine; Southern Soc ie ty  f o r  Clinical 
Research; h e r i c a n  14edical Association; American Assoc ia t ion  
for the AZvmcercent of Sciences; American Fede ra t ion  for 
Clinical ?*search; Fellow, Anerican College of Phys ic ians  ; 
A m e r i c a  Soc ie ty  of Hematolo,?. (1968) ; Heal th  Physics 
Soc ie ty ,  Eas t  Tennessee Chapter; Tennessee Academy of Science; 
Tennessee 3lood C l &  

Xame: A. B e r t r c d  B r i l l  
P o s i t  ion : 

s ch 00 1 : G r i n n e l l ,  A . B . ,  1949 

Assoc ia te  3 ro fes so r  of Medicine and Radiology, Vanderb i l t .  
School of Yedicine 

UniversiCjj of U t a h ,  L D . ,  1956 
Unive r s i ty  of C a l i f o r n i a ,  Berkeley, Ph.D. , 1961  

Licensure: Tennessee 
Memberships: American Z s s o c i a t i o s  f o r  t he  Advancenent of Science; S o c i e t y  

of Nuclear Yedicine; Radiation Research Socie ty ,  American 
Thyroid X s s o c i  a t i on 

Pledical X i e ~ t ~ r ,  Div is ion  of Radio logica l  Health, 
U. S. Pub l i c  Healch Serv ice ,  1957-1964, Rockville,  Maryland 

Other I n d i c a t i o n  of E q e r i a n c e  and Competence: 

Wame : Donald 1J. Goodwin 
Pos i t i o n  : Mini s t e r ,  United Church, Chapel-on-the-Hill 
School: Bangor Theological Seminary, Bachelor of D iv in i ty ,  1959 

Brown Unive r s i ty ,  Ph.D., 1965 
Me&erships : M i n i s t e r i a l  Standing, United Cfiurch of C h r i s t  
Addi t iona l  Merher of var ious  boards which change from t i m s  t o  t i m e  

u Information : 



- 15- 

W Name: 
P o s i t i o n  : 
Schools : 

Posi t ions:  

Memberships : 

I n t e r e s t s :  

Name: 
Posi t ion:  
Schools : 

Posi t ions:  

Memberships : 

Name : 
Schools : 

Licensure : 
Posi t ions:  

Memberships : 
I n t e r e s t s  : 

R. L. Hayes 
D i r e c t o r  of Radiopharmaceutical Development, C h i e f  S c i e n t i s t  
Universi ty  of North Carolina,  B . S . ,  1944 
Univers i ty  of North Carolina,  Ph.D., 1952 
Senior  Chemist, U. S. Rubber Co., Rorth Carol ina,  Lo44 
U. S. Arnry, 1944-46 
O U U  Medical Division, 1950 - present  
American Chemical Society,  Society of Nuclear Medicine, 
Ret icu loendothe l ia l  Society 
Developmznt of medical rad io iso topic  agents  ; r a d i a t i o n  
dosimetry 

George B. Hutchison 
Epidemiologist, Kichael Reese Hospi ta l ,  Chicago, 66-present 
Harvard Universi ty ,  A . B . ,  1943 
Harvard Universi ty ,  M.D., 1951 
Harvard Universi ty ,  M.P.H., 1960 
Fel.  med. Lahey Clin., 52-55; asst. ned. d i r .  E q u i t a b l e  Life 
Assurance SOC., U . S . ,  55-56; Health Ins. P l a n  Greater New York, 
56-57; d i r .  res, City Health Dept., New York, 57-59; asst .  prof. 
epidemiol. sch. pub. health, Harvard, 60-61; assoc. prof . 61-66; 
Consult, H e a l t h  Ins. Plan Greater New York, 57-present 
Fel. Am. Pub. Iiealth Asn; Am, S t a t i s t .  Asn; World Ned. Asn.; 
Asn. Teachers Prev. Med. 

Karl F. Hcbner (see a d d i t i o n a l  material a t  end of appendix) 
2 years of co l lege  ( las t  2 y e a r s  of German "high school") 
1952-54 . 
Univers i ty  of Heidelberg, Germany, M.D., 1959 
Tennessee 
Senior  S t a f f  Merrber w i t h  c l i n i c a l  s t a f f  of the ORAU Medical 
Divis ion,  1971 t o  p r e s e n t  
Research Associate  i n  Experimental Immunology, OPAU Medical 
Divis ion,  1967-70 
Resident in P e d i a t r i c s ,  University o f  Tiibingen, Germany, 

Resident i n  Clinical Invss t iga t ion ,  Oak Ridge I n s t i t u t e  of 
Nuclear S tudies  (now Oak Ridge Associated U n i v e r s i t i e s ) ,  

I n t e r n s h i p  ( ro ta t ing)  a t  2nd General H o s p i t a l  of the U, S. 
Army, and the 86th Tactical Hospi ta l  of t h e  U. S. A i r  Force,  
1960-61 
AM4, Tenn. Med. Association 
C l i n i c a l  immunology, treatment of n e o p l a s t i c  d i s e a s e s  of the 
bone marrow and lymphatic system, w i t h  s p e c i a l  interest  i n  
immunotherapy and t ransplan ta t ion  inxmmology 

Medical School, 1 9  64-6 7 
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f o r  Experimental Pathology; Radiation Besearch S o c i e t y ;  
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Mem. U n i t a r i a n  Pled. Teaching Mission, Czech. , 1946, G e r . ,  1948  
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Men. Order of White Lion, Czech, 1946 
Comdr., Order of Crown, 1959 
Fe l .  Royal Col. Surg., 1961 .  
Comdr., Order of Falcon, Repub. Ice land ,  1969 
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Licensure: Tennessee 
Boards: 
Memberships: American Psychiatric AsSociztion 

American Board of Psychiatry and Seurolagy 

American Medical Association and Subsidiaries 

8 



-20- 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Division 

Oak Ridge Associated Un ive r s i t i e s  

Karl F. H a n e r ,  M.D. PROPOSAL NO. 7 7-3 PERSON SUBMITTING PROPOSAL 

DESCRIPTION : 
We propose t o  i n v e s t i g a t e  t h i s  new radiopharmaceutical  agent  f o r  the pos i t ron  tomo- 
graphic  (ECAT) de tec t ion  of tumors i n  humans and t o  compare i t s  e f f i c a c y  i n  t h i s  
regard with that of llC-ACPC (ECAT s t u d i e s  a l so )  and 67Ga citrate (single-photon 
de tec t ion ) .  A t a b l e  of r a d i a t i o n  dose e s t ima tes ,  as ca l cu la t ed  by the ORAU Radio- 

'IC-Carb oxyl-labeled 1-aminocy clobu tanecarboxyl ic  a c i d  ('IC-ACBC) 

I n t e r n a l  Dosimetry Information Center, is a t tached .  The maximum dose 
-ACBC proposed i s  0.714 m C i  p e r  kilogram of body weight (50 m C i  f o r  a 70 kg sub jec t )  
The Committee approves wi th  the  fol lowing l i m i t a t i o n s :  

Radiopharmaceutical may- may no t  d be  administered t o  p a t i e n t s  under 
18 years of age. 

Radiopharmaceutical may- may no t  I/ be  administered t o  pregnant p a t i e n t s .  

Other: 

a The Committee disapproves f o r  the following reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Acknowledgement of submi t te r  Date 

Human Studies  approval granted on 
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APPLICATION FOR INVESTIGATIONAL EXEMPTION FOR A NEW DRUG 

Medical and Health Sciences Division, Oak Ridge Associated 

Univers i t ies ,  Oak Ridge, Tennessee 

October 7, 19 77 

1. NAME OF DRUG: CARBOXYL-LABELED "C+AMINOCYCLOBUTANECARBOXYLIC ACID. 
This drug, dissolved i n  s a l i n e  so lu t ion ,  w i l l  be administered intra- 
venously . 

2. C O e O N E N T S :  

11 a. 

b . 
C a  rb oxy 1- lzb d e  d llC-l-Amino cy clob u t  anec arb oxyl ic  a c i d  ( 

1-Aminocyclabutanecarboxylic acid (ACBC) . 
C-ACBC) . 

C. Sodium chlorirk.  

d. Water, 

3. QUkNTITATIVE C O E O S I T I O N :  Since the 'IC present  i n  the  l abe led  
l - z n i n o c y c l o b u t z n e ~ ~ ~ ~ o ~ ~ c  ac id  is radioactive (T1/2 = 20.4 min) , w e  
car-not s t a t e  an exzct re la t ionship  between the components of this 
preparat ion.  
determined t h a t  the isaxiorum l l C  a c t i v i t y  administered w i l l  n o t  exceed 
0.714 m C i  per k i l o g r m  of body weight (a SO m C i  dose f o r  a 70 kg subjec t ) ,  
The actual amount of s t a b l e  ACBC t h a t  w i l l  be administered w i l l  be  
determined by the amount of llC used in.  l abe l ing  ACBC and a l s o  the t i m e  
t h a t  e lapses  from the t i m e  of llC-ACBC preparation t o  the  t i m e  of i ts 
administration. The composition s t a t e d  below, therefore ,  represents  
the dosage l i m i t s  t ha t  w i l l  be adhered t o  f o r  the  components i n  this  
r a  diopha nnaceu t i c a l  preparation. 

2 , Carboxyl-labeled llC-l-aminocyclobutanecarboxylic a c i d  : maximum 

w 
From radia t ion  dosimetry considerations,  however, we  have 

of 0.714 m C i  per  kilogram of body weight (50 m C i  f o r  a 70 kg subjec t )  . 
b. 1-Aminocyclobutanecarboxylic acid: maximum of 0 .1  mg p e r  kilogram of 

body weight (7 mg f o r  a 70 kg subjec t ) .  

c. Sodium chlor ide:  maximum of 3 mg per  kilogram of body weight 
(210 mg for a 70 kg subjec t ) .  

d. Water: maximum of  0.5 m l  per  kilogram of body weight (35 m l  for a . 
70 kg sub jec t ) .  
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4. SOURCE OF NEW DRUG SUBSTANCE: 

Reference should b e  made t o  the d e t a i l s  of synthesis and p u r i f i c a t i o n  of 
1 k - A C P C  ( I N D  11848 dated 16 September 1975), lk-DL-valine ( I N D  12459 
dated 12 May 1976), and llC-DL-tryptophan (IND 12967 dated 9 November 
1976) , which are s imi l a r ly  prepared radiopharmaceutical agents .  
lk-DL-valine, and 11C-DL-tryptophan have been i n  c l in ica l  use a t  the  
Medical and Health Sciences Division of ORAU s ince  November 1975, J u l y  
1976, and August 1977, respect ively.  

Carboxyl-labeled llC-l-aminocyclobutanecarboxylic a c i d  w i l l  be  synthesized 
in the preparatory h o t  cel l  a t  t h e  86-Inch Oak Ridge Nat ional  Laboratory's  
(OIzryz) 22 Mev proton cyclotron complex using t h e  following series of 
reactions:  

'k-ACPC, 

U 

"B (p , n) "C - B2°3 1% 0 /llco STEP I 

9 00-9 50 OC 
4 

H%N 

0 

W' 

Step I1 

Step 111 

Step I V  

KCN , hX4C 1 \ / 'N-C 
23OoC, 10 min H * O  

0 

NaOH > 
23OoC, 10 min 

H *O 

Step V . 

Targetry and Production of 11C02/11C0 (Step I): B2O3 (Ultrex, J. T. Baker 
Chemical Co., Phi l l ipsburg ,  N.J.) is  fused onto a graphi te  s u b s t r a t e  which 
is mounted i n  an aluminum annulus-type header. 
water coolant flow of 15 l i t e rs /min .  
t u rn  t o  a gas flow loop which has provisions fo r  on-line gas purge o r  

The annulus provides a 
The header assembly is connected i n  

I049090 
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W 

r e c i r c u l a t i o n .  
preparatory h o t  c e l l  ad jacent  t o  t h e  cyclotron. 
H e  (Lif-0-Gen Inc . ,  Cambridge, Md.) is used as the carrier gas  i n  t h e  
loop, a 1 k O 2 / 1 1 C O  r a t i o  of approximately 4 i s  obtained. With a beam 
cur ren t  of 150-175 FA approximately 5 CS, of usable llCO,/llCO i s  produced. 

The o u t l e t  of the loop is  loca ted  i n  the remote c o n t r o l  
During bombardment, when 

11 11 
Production of "CH, and H 
are produced by con tac t  catalysis. 

CN (Steps I1 and IIX): Both l k H 4  and H CN 
A 100 m l / m i n  He stream in t roduced  

. i n t o - t h e  cyc1o;ron gas flow loop is mixed a t  the loop o u t l e t  w i t h  a 
50 ml /& H2 (Lif-0-Gen Inc.) stream and f ed  through a q u a r t z  tube  con- 
t a i n i n g  Ni catalyst on Mese lguhr  (Ventron Alpha Products,  Beverly, Mass.) 
he ld  at a t e m  e r a t u r e  of 370OC. 
( c o n t a i e n g  & H 4 )  is passed through a CaS04/NaOH t r a p  and then mixed w i t h  
a 50 ml/min stream of anhydrous MI3 (Lif-O-Gen Inc . ) .  
then passed through another q u a r t z  tube containing Pt c a t a l y s t  
(Ventron Alpha Products) hea ted  t o  900-950°C t o  complete the conversion 

Synthesh of 11C-AC3C (Steps I V  and V): P r i o r  t o  the s tar t  of a %-ACBC 
production run a stainless s tee l  (type 316) p re s su re  vessel having an  
i n t e r n z l  volume of  3 m l  and f i t t e d  with a needle valve is charged w i t h  a 
mixture of 35 pl (32.8 ng) cyclobutanone (b .p. 99OC, Aldr ich  Chemical Co., 
Inc., YLlzarrkee, W i s . ) ,  72 mg (hX4)2CO3 ( c e r t i f i e d  A.C.S., Mallinckrodt,  
Inc., S t .  Louis, Mo. ) , 6.7 mg NH4Cl and 8.2 mg KCN (both Baker Analyzed 
Reagents, J. T. B a k e r  Chemical Co., Ph i l l i p sburg ,  N . J . ) .  The gas s t r e a m  
from Step 111, conta in ing  H%N, i s  bubbled i n t o  a gas absorp t ion  column 
conta in ing  1 m l  of 0.005 N NaOH. 
the charged r e a c t i o n  vessel and the closed vessel then r ap id ly  hea ted  t o  
a ternperztcre of 230°C and m i n t a i r e d  a t  t h a t  temperature f o r  10 min, 
a f t e r  which it i s  rap id ly  cooled. The valve i s  then opened, 1.0 m l  of 
6.25 N NagH (Fisher S c i e n t i f i c  Co., F a i r  Lawn, N.J.) is in t roduced ,  and 
t h e  c losed  v e s s e l  is a g a h  heated a t  23OOC f o r  another  per iod  of 10 m i n .  

P u r i f i c a t i o n  of llC-ACBC: A f t e r  completion of Step V t h e  cooled r e a c t i o n  
mixture is withdrawn remotely by means of a sy r inge  and then loaded 
d i r e c t l y  onto  a 1.5 c m  (diameter) x 5 cm (length) prewashed AG l-X2, 100- 
200 mesh, anion exchange bed (Bio Rad Laboratories,  Rockville Center, N.Y.) 
i n  the hydroxide form. 
r e t a i n e d  by t h e  column w h i l e  c a t i o n i c  and nonionic components p a s s  through. 
A f t e r  washing r epea ted ly  w i t h  d i s t i l l e d  water (Q 50 m l )  t h e  column is then  
e l u t e d  wi th  1 N HC1, t h e  process be ing  monitored by means of a sh ie lded  
gama  probe. T'ne a c i d i c  e l u a t e  i s  loaded onto a prewashed 1.0 c m  (diameter) 
I I5 cm ( length)  AG 50W-X2, 50-100 mesh, ca t ion  exchange bed (Bio Rad 
Laboratories) i n  the  hydrogen form. Cat ionic  l -k -ACBC i s  r e t a i n e d  w h i l e  
an ionic  material  passes  through t h e  column. A f t e r  washing repea ted ly  w i t h  
d i s t i l l e d  water (Q 30 ml) , t he  column is f i n a l l y  e l u t e d  wi th  0.2 N NaOH, 
the process again be ing  monitored wi th  a sh i e lded  gamma probe to minimize 
the volume of e l u a t e  containing the  product (Q 15 ml). This s o l u t i o n  i s  
co l l ec t ed  i n  a sterile b o t t l e  f o r  t r anspor t  t o  the Medical and Health 
Sciences Div is ion  of  Oak Ridge Associated U n i v e r s i t i e s  (ORAU) f o r  f i n a l  
pro ces s ing .  

The output gas f l o w  from this  conversion 

This mixture is 

of 1 1 ~ ~ 4  t o  H ~ ~ C N .  

This s o l u t i o n  is then introduced i n t o  

Anionic components, i nc lud ing  IIC-ACBC, are 



-4- 

In developmental s t u d c e s  p r i o r  t o  a c t u a l  production of IlC-ACBC, i t  had 
previous ly  been determined by e lementa l  ana lys i s  (carbon, hydrogen and 
n i t rogen)  that the s y n t h e s i s  and p u r i f i c a t i o n  processes  which are used 
d i d  indeed y i e l d  pure ACBC. 

me p u r i t y  of the %-ACBC product has been assessed by th in  l a y e r  
chromatography (t lc) (Eas tman s i l i c a  g e l ,  Chromagram Sheet 13179) us ing  
an n-butanol: water: acetic a c i d  (100:10:5 v/v) s o l v e n t  system. l1C-ACBC 
(from a run  spiked w i t h  K14CN p r i o r  t o  synthesis) gave a t l c  p a t t e r n  t h a t  

w a s  s-ar t o  that  of 14C-labeled ACBC with no i n d i c a t i o n  of  any impur- 
ities when the two t l c  p a t t e r n s  w e r e  viewed w i t h  a s p a r k  chamber. 
Ninhydrin development of the t l c  chromatograms a l s o  gave similar r e s u l t s .  

Pyrogenic i ty  tests of t h e  %-ACBC product by s t anda rd  USP ' techniques have 
been negat ive .  
llC-ACBC as the r e s u l t  o f  r a d i o l y s i s .  

There has a l s o  been no i n d i c a t i o n  of decomposition of 

W' 

5. METEODS , FACLLITIES AND CONTROLS : 

The s o l u t i o n  conta in ing  the p u r i f i e d  l1C-ACBC w i l l  b e  t r anspor t ed  from 
the  OREL cyclo t ron  complex t o  the ORAU Medical and Health Sciences 
Div is ion  loca ted  on Vance Road i n  Oak Ridge ( t r i p  t i m e ,  6-8 min). Af t e r  
be ing  tra;?sferred t o  a magnetically s t i r r e d  conica l  beaker,  
the s o l u t f c n  w i l l  5e a d j u s t e d  t o  7.0 50.2 with 1 N HC1 us ing  a com- 
b i c a t i o n  e l e c t r o d e  and pH meter. (The s t e m  of t he  e l e c t r o d e  w i l l  b e  
s t o r e 8  i n  0.9% b e n y l  a l coho l  and w i l l  b e  r insed  repea ted ly  w i t h  sterile 
w a t e r  b e f o r e  each p r e p a r a t i v e  use.) The so lu t ion  w i l l  then b e  f i l t e r e d  
thraugh a steri le 0 -22  y m i c r o f i l t e r  (Mill ipore Corp., Bedford, Mass.) 
i r t o  a precappec?, ?=as t e r i l i z e d  v ia l  (multipuncture type,  Wheaton Glass 
Co., Mi l lv i l ie ,  N.2.j .  A por t ion  of the so lu t ion  w i l l  be  t e s t e d  f o r  
pyrogens us ing  the  P y r o t e s t  Limulus Lysate technique (Difco Labora to r i e s ,  
D e t r o i t ,  Mich.). The s h o r t  h a l f - l i f e  of llC (20.4 min) prec ludes  t e s t i n g  
wi th  r a b b i t s  i n  t h e  conventional USP manner, and, although this p a r t i c u l a r  
l imulus technique normally r equ i r e s  an hour f o r  completion, i t  acts as a 
test f o r  gross  pyrogenic contamination during the  pe r iod  of  time (Q 15 min) 
r q u i r e d  f o r  t r anspor t  of t h e  p repa ra t ion  t o  the  si te of a d m i n i s t r a t i o n  (1). 
Tne test w i l l  become p a r t  of the  record.  
assayed f o r  r a d i o a c t i v i t y  content j u s t  p r i o r  t o  admin i s t r a t ion  by means 
of a Capintec CRC-10 r ad io i so tope  c a l i b r a t o r  (Capintec, Inc . ,  Montvale, 
N . J . ) .  
the cyc lo t ron  f a c i l i t y .  ) The vial  conta in ing  the  11C-ACBC w i l l  f i n a l l y  
be l abe led  as t o  i t s  assay  and t o t a l  content (see Sec t ion  7). 

Prepara t ion  of each b a t c h  of 'k-ACBC f o r  c l i n i c a l  use w i l l  be c a r r i e d  
out  i n  a p o s i t i v e  p r e s s u r e  c lean  room equipped wi th  v e r t i c a l  laminar flow 
hoods having a i r  c u r t a i n s  (Envirco, Albuquerque, N.M.) . A l l  glassware 
used w i l l  be p r e s t e r i l i z e d  by steam. 
a batch number and a l l  p a r t i c u l a r s  r e l a t i v e  t o  i t s  p repa ra t ion  and use w i l l  
be en te red  i n t o  a master l o g  book. 

the pH of 

Each llC-ACBC dose w i l l  be 

(A previous pre l iminary  i o n  chamber assay w i l l  have been made a t  

Each ba tch  of 11C-ACBC w i l l  b e  given 
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6. STATEMENT OF INFORMATION AVAILABLE TO SPONSOR: 

a. Preclinical I n v e s t i g a t i o n s  

1. hima1 s t u d i e s  

A l l  animal s t u d i e s  w i t h  14C- and llC-carboql-labeled ACBC w e r e  
d i r e c t l y  superv ised  by L. C. Washburn and R. L. Hayes. 
p a r t i c i p a t e d  i n  t h e  eva lua t ion  of the d a t a  (see Appendix on Biographical 
Mater ia l ) .  

K. F. H;bner 

The i n s e r t i o n  of  r a d i o i s o t o p i c  l a b e l s  i n t o  the i n t r i n s i c  s t r u c t u r e  
of organic compounds and b i o l o g i c a l  substances that have high a f f i n i t i e s  
for s p e c i f i c  t i s s u e s  is an i d e a l  method of l abe l ing ,  s i n c e  s t r u c t u r e s  are 
no t  a l t e r e d .  The radionucl ides  I%, 13N, and l5O are a l l  candida tes  f o r  
use i n  l a b e l i n g  such agents f o r  nuc lea r  medical d iagnos is  by scanning. 
Tneir decay is accomplished by photon emission i n  t h e  form of p o s i t r o n  
ann ih i l a t ion  r a d i a t i o n  which can b e  u t i l i z e d  f o r  convent iona l  r e c t i l i n e a r  
scz;llnba o r  f o r  coincidence de tec t ion  techniques such as p o s i t r o n  emission 
cosnputerized axial tomography. This la t ter  method i s  a n  ins t rumenta t ion  
ted?nic_us which h a s  r ecen t ly  come i n t o  its own i n  n u c l e a r  medical tech- 
nology <2,3) .  
a l a b e l  b s c z w e  of its longer  h a l f - l i f e  (20.4 min), al though, even w i t h  
this rad ionucl ide ,  r a p i d  t i s s u e  d i s t r i b u t i o n  is n e c e s s a r i l y  requi red  of  
a - y  radiopharmaceutical  agent t h a t  is l abe led  w i t h  i t .  

O f  t hese  three rad ionucl ides ,  "C is the  obvious choice as 

The unnatura l ,  a l i c y c l i c  amino ac id  , 1-aminocyclopentanecarboxylic 
ac id  (ACPC, a l s o  r e f e r r e d  t o  as "cycloleucine") w a s  r epor t ed  by Ber l ingue t  
e t  21. (4) t o  c c a c i n t r a t e  r ap id ly  a t  h igh  l e v e l s  i n  the  tumor t i s s u e  of 
n i c e  bea r ing  sarcona-180 tumors. Their i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  auto- 
rad iographica l ly  w i t h  14C-labeled ACPC and w a s  prompted by the f a c t  t h a t  
this compound had shown chemotherapeutic p o t e n t i a l  a g a i n s t  animal tumors 
(5,6). We synthes ized  llC-carboxyl-labeled ACPC and found i t  t o  have 
s i g n i f i c a n t  p o t e n t i a l  as an agent f o r  imaging s o f t - t i s s u e  tumors (7). 
Clinical  t r i a l s  of llC-ACPC f o r  tumor imaging have been i n  progress a t  o u r  
i n s t i t u t i o n  s i n c e  November 1975, and t h e  agent  has  been shown t o  l o c a l i z e  
i n  a v a r i e t y  of human tumor types (8,9). I n  add i t ion ,  the method which 
w e  developed f o r  syn thes i z ing  llC-ACPC, a rap id ,  high-temperature, high- 
pressure  modi f ica t ion  of t he  Bkherer-S trecker amino a c i d  s y n t h e s i s  , h a s  
been found t o  b e  appl icable '  t o  t he  syn thes i s  of a v a r i e t y  o f  l k - l a b e l e d  
aznino acids (7,10), i nc lud ing  three which we are now s tudy ing  c l i n i c a l l y  - 
'lC-DL-valine and lk-DL-tryptophan i n  a d d i t i o n  t o  l1C-ACPC, 

I n  o rde r  t o  assess the  importance of s t r u c t u r a l  modi f ica t ion  on 
the  tumor s p e c i f i c i t y  of a l i c y c l i c  amino acids, a series of  14C-labeled 
amino acids con ta in ing  3-, 4-, 5-, and 6-membered a l i c y c l i c  r i n g  systems 
(ACPRC, ACBC, AC?C, and ACHC, r e spec t ive ly )  (Fig. 1) w a s  synthes ized ,  and 
their t i s s u e  d i s t r i b u t i o n s  were compared a t  30 minutes p o s t i n j e c t i o n  i n  
r a t s  bea r ing  Morris 5123C hepatomas (Fig. 2 ) .  14C-ACBC c l e a r l y  had t h e  
g r e a t e s t  tumor s p e c i f i c i t y  of the  f o u r  a e n t s  s tud ied .  Th i s  sugges ts  the 
p o t e n t i a l  s u p e r i o r i t y  o f  11C-ACBC over 1fc-AcPc a s  a tumor-imaging agent .  
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The t i s s u e  d i s t r i b u t i o n  of 14C-ACBC i n  rats bea r ing  Morris 5123C 

The presence 
hepatomas w a s  complete a t  30 minutes p o s t i n j e c t i o n  (Fig. 3 ) ,  w h i c h  is 
compatible w i t h  the s h o r t  h a l f - l i f e  of l l C  (20.4 minutes). 
of stable ACBC (through 5 mg/kg) had no e f f e c t  on the t i s s u e  d i s t r i b u t i o n  
of 14C-ACBC (Table 1). 
3.6% i n  2 hours (Table 2 ) .  

T o t a l  exc re t ion  of l1C-ACBC i n  the rat  w a s  low, 

"C-ACBC was used for  rectilinear scanning o f  rats b e a r i n g  trans- 
plan ted  hepatomas, and a l l  three tumor types s t u d i e d  showed p o s i t i v e  
uptakes of the agent  (Fig. 4 
same three tumor types w i t h  "C-ACBC gave d a t a  c o n s i s t e n t  w i t h  the scan  
images (Table 3 ) .  
no tumor s p e c i f i c i t y  w i t h  I4C- and llC-ACE'C (7). 

Tissue  d i s t r i b u t i o n  comparisons of t h e  

I n  earlier s t u d i e s  the Morris 7777 hepatoma had shown 

2. Toxic i ty  

ACBC i s  an unnatural ,  a l i c y c l i c  amino a c i d  which i s  very s i m i l a r  
s t m c t u r a l l y  t o  ACPC, an  agent which has been s tud ied  q u i t e  ex tens ive ly  
i n  humans as a chemotherapeutic drug and which, when l a b e l e d  w i t h  l l C ,  is 
beir,g used zs a radiopharmaceutical agent f o r  tumor imaging. 
ACEC is  zonsiderzbly less t o x i c  than  ACPC. I n  1960, Connors and co-workers 
(11) reporred t h e  tumor growth i n h i b i t o r y  a c t i v i t y  and t o x i c i t y  of a number 
of a l i c y c l i c  a-zrrizlo acids and r e l a t e d  compounds i n  the  ra t ;  inc luded  were 
both ACBC and ACPC. 
dose of 500 mg/kg, k i l l i n g  a l l  three animals s t u d i e d  and only a t  lower 
doscs (75 t o  125 ng/icg) w a s  s i g n i f i c a n t  tumor growth i n h i b i t o r y  a c t i v i t y  
seen. On the o*S-ier hznd ACBC showed no tunior growth i n h i b i t o r y  a c t i v i t y  
azd z l s o  no t o x i c i q  a t  an i n t r a p e r i t o n e a l  dose of 500 mg/kg, caus ing  no  
dea ths  i n  the  three ar,inals s tud ied .  

However, 

ACPC showed extreme t o x i c i t y  a t  a n  i n t r a p e r i t o n e a l  

W 

A similar lack of t o x i c i t y  of ACBC w a s  observed i n  o u r  s t u d i e s  
w i n g  mice and dogs, as w e l l  as i n  a s tudy  involv ing  one marmoset. 
group of 10 mice w e r e  each administered an  intravenous dose of 2000 mg/kg 
(20,000 times h ighe r  than the proposed human dose) , and no dea ths  were 
observed wi th in  60 days. I n  f a c t ,  t he  dose w a s  very w e l l  t o l e r a t e d .  One 
mouse w a s  given 2900 mg/kg and t h i s  too w a s  w e l l  t o l e r a t e d .  The one mouse 
w h i c h  w a s  administered 4000 mg/kg intravenously (40,000 t i m e s  h i g h e r  t han  
the proposed human dose) d ied  immediately a f t e r  t h e  completion o f  i n j e c t i o n ,  
perhaps i n  p a r t  because of hypervolemia. 
of s o l u t i o n  in t ravenous ly . )  

A 

(The 27 g mouse w a s  given 0.86 m l  

A s tudy  of fou r  laboratory-grade beagle dogs (Ridglan Research 
Farms, Inc. ,  M t .  Horeb, W i s . )  and one marmoset (from the ORAU marmoset 
colony) a t  intravenous dosage l e v e l s  of 200 mg/kg (2000 t i m e s  h i g h e r  than 
t h e  proposed dose) produced a similar lack of t o x i c i t y .  I n  b o t h  cases 
complete hematology and c l i n i c a l  chemistry determinations w e r e  done. 

I n  the  s tudy  us ing  dogs, two complete base l ine  de te rmina t ions  w e r e  
done dur ing  the week p r i o r  t o  adminis t ra t ion ,  and s i m i l a r  de te rmina t ions  
w e r e  done on days 1, 7, 14,  and 28 pos tadminis t ra t ion .  There w a s  no 
change i n  either the  hematologic o r  enzyme va lues ,  and c l i n i c a l  eva lua t ion  
of the animals remained normal throughout the test. 

\cj 
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'4 

. .  

In  the  s tudy w i t h  a s i n g l e  marmoset, one complete base l ine  
determination was  done a t  7 days p r i o r  t o  administration of ACBC, and 
similar d e t e d n a t i o n s  were done on days 1, 14, 28, and 42 postadminis- 
t r a t ion .  There was  no change i n  the hematologic values,  b u t  i t  w a s  no t  
possible  t o  eva lua te  the enzyme values i n  this case. However, the 
c l i n i c a l  evaluat ion remained normal throughout the test. 

A t  the dosage l e v e l  w h i c h  w e  propose t o  use f o r  tumor scanning 

The ORAU/ORNL 
(0.1 mg/kg or less), w e  would expect no tox ic i ty ,  s i n c e  we w i l l  be  below 
the threshold of t o x i c i t y  by a f a c t o r  of a t  least 2000. 
Conmittee on Human Studies has approved these s t u d i e s  (see Appendix for 
membership). 

3. Radiation Dose 

Carbon-11 has a 20.4-minute ha l f - l i f e  decaying by pos i t ron  
edss im (99+ %) t o  s t a b l e  l lB .  
r ad la r foa  dose t o  p a t i e n t s  w i l l  b e  minimal. 
es t inazzd by the ORAU Radiopharmaceutical I n t e r n a l  Dosimetry Information 
Center (ineaded by R. J. Clout ier)  that the complete decay of 1 m C i  of 
llC-ACEC uniformly d i s t r ibu ted  i n  a 70 kg human, assuming no excret ion,  
would Frduce a whole body rad ia t ion  dose of 0.011 rads o r  a t o t a l  of 
0.55 rds  per  50 nCi (the m a x i m u m  administered dose of %-ACBC). Table 4 
gives details of t h e  expected r ad ia t ion  dose t o  var ious organs i n  the  human 
estimated from a n i m a l  :data. (The se l ec t ive  uptake of a l i c y c l i c  amino acids 
by the pancreas appears t o  b e  rodent spec i f i c ,  and the actual r ad ia t ion  
dose t o  the human pancreas i s  expected to  be much lower than t h a t  ca lcu la ted  
from the  rat data.)  
a??rov& tke use of '%ACPC from a pat ien t  s a f e t y  standpoint.  

Because of its s h o r t  h a l f - l i f e  the 
A s  a guide i t  has been 

e MIiSD, ORAU Medical Radionuclide Committee has  

b. Previous Marketing: 

This llC-labeled drug has not  been marketed 

c. Drug Combination: 

'IC-ACBC is  not  a combination of previously 

before .  

marketed drugs. 

7. LABEL AND INFORMATIONAL MATERIAL: 

The l a b e l  t o  be used w i t h  'IC-ACBC w i l l  have the  following form: 

"C-~-AMINOCYCLOBUTANECARBOXYLI c ACID 
(FOR I.V. INJECTION) 

Assay m C i / m l  as of 

Volume ml: Batch No. 
Expiration T i m e  

CAUTION : INVESTIGATIONAL NEV DRUG 
CAUTION : RADIOACTIVE MATERIAL 
O a k  Ridge Assoc. Univ., Oak Ridge, Tn. 



W 

-8- 

The i n v e s t i g a t o r s  prepar ing  and administering t k i s  drug are working i n  
c lose  co l l abora t ion  i n  t h e  same i n s t i t u t i o n .  
in format iona l  material w i l l  be prepared; however, each p a r t i c i p a n t  w i l l  
be i s s u e d  a copy of t h i s  app l i ca t ion .  

Therefore,  no formal 

8. SCIENTIFIC TRAINING AND EXPERIENCE OF INVESTIGATORS : 

The sponsor cons iders  t h e  ch ie f  i n v e s t i g a t o r s ,  all of whom are supported 
by competent a s s o c i a t e s ,  t o  b e  exceedingly w e l l  q u a l i f i e d  f o r  this research. 
See b iog raph ica l  material in the Appendix about D r s .  Hayes, H a n e r ,  
F.lashburn, and Wieland. 

9 .  PROGRESS OF TtlE INVESTIGATION: 

The progress  of the  i n v e s t i g a t i o n  and evidence of s a f e t y  and e f f e c t i v e n e s s  
of  t h e  drug w i l l  be  eva lua ted  by K. F. Hibner, R. L. Hayes, and the sponsor,  
C. C. Lushbaugh, Ph.D., M.D., Chairman of t h e  ORAU Medical and Health 
Sciences Div is ion ,  w i t h  advice from the ORAU Medical Advisory Committee and 
t h e  ORAU/OREuL Comnittee on Human Studies  (see a t t ached  lists and bio- 
graphies  I n  the Appendix). 

10. CLINICAL STUDIES : 

Phases I . z ~ d  11, c l l r d c a l  pharmacology, i n  t h i s  s tudy  w i l l  c o n s i s t  o f  
observations on the roetabolism and t o x i c i t y  of llC-ACBC toge the r  w i t h  
p re l iminary  observa t ions  on its tumor-localizing p r o p e r t i e s .  
K. F. HGbner, M.D., w i l l  b e  i n  charge of t h e  i n i t i a l  phase of t h e  c l in ica l  
i n v z s t i g a t i o n  which w i l l  b e  done on an  out-patient b a s i s  a t  t h e  ORAU 
Ms6ical and Xealth Sciences Division, Vance Road, Oak Ridge, Tennessee. 

A t o t a l  of 30 p z t i e n t s  w i t h  known o r  suspected cancer w i l l  b e  s t u d i e d .  
They w i l l  be a d u l t  p a t i e n t s  r e f e r r e d  f o r  tumor scans by phys ic ians  i n  
the Oak Ridge Hospi ta l ,  E a s t  Tennessee Chest Disease Hosp i t a l  (Knoxville), 
and t h e  Univers i ty  of Tennessee Memorial Hospi ta l  (Knoxville) and by 
o the r  p r a c t i c i n g  phys ic ians  i n  the  E a s t  Tennessee area. The ik-ACBC 
study is expected t o  cover a per iod  of 1-1/2 t o  2 y e a r s .  Each p a t i e n t  
w i l l  be  f u l l y  inforrned that tSis is an experimental  procedure, that  i t  
might have some t o x i c  e f f e c t  (although none is e4xpected a t  t h e  dosage 
l e v e l  t o  b e  used), and t h a t  t h e  procedure w i l l  cause a r a d i a t i o n  dose 
( f o r  t h e  m a x i m u m  50 m C i  dose) of approximately 0.55 rad  t o  the  whole 
bod , 1.1 rads t o  the s m a l l  i n t e s t i n e ,  and 1.0 rad  t o  the bone marrow. 
No glC-ACBC doses w i l l  be given without t h e  informed consent of t h e  
p a t i e n t .  Subjec ts  incapable  of giving an  informed consent w i l l  b e  ex- 
cluded from the study. No inducement w i l l  be  o f f e r e d  t o  ob ta in  vo lun ta ry  
consent. P a t i e n t s  w i l l  be  r e c r u i t e d  s p e c i f i c a l l y  f o r  the test  w i t h  no  
promise of medical care. A copy of the  informed consent form is a t t a c h e d  
as an Appendix. 

For p a t i e n t s  without known malignancy, c a r e f u l  s e l e c t i o n  w i l l  b e  made t o  
avoid g iv ing  unnecessary r a d i a t i o n  exposure t o  p a t i e n t s  i n  t h e  younger 
age group, p a r t i c u l a r l y  e a r l y  i n  the s tudy  before  the  d i agnos t i c  va lue  
of the procedure i s  e s t a b l i s h e d .  Pregnant women w i l l  no t  be  used. 
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While i t  is not  a n t i c i p a t e d  t h a t  t h e r e  w i l l  be any t o x i c  e f f e c t  of 
11C-ACBC a t  t h e  doses t o  b e  used i n  t h i s  study (see s e c t i o n s  3 and 6-a-2), 
t h e  f i r s t  four  p a t i e n t s  s t u d i e d  w i l l  r ece ive  reduced doses  of s t a b l e  ACBC 
as a precautionary measure. 
mum of 0.01 mg/kg and t h e  next  two p a t i e n t s  w i l l  r e c e i v e  a max imum of 
0.05 mg/kg. 
i n  t h e  syn thes i s  of llC-ACBC by f a c t o r s  of 10 and 2, r e s p e c t i v e l y .  
procedure does no t  i n  any way compromise t h e  q u a l i t y  of t h e  pharmaceutical  
p repara t ion ;  r a t h e r  i t  simply produces a p repa ra t ion  of h ighe r  s p e c i f i c  
a c t i v i t y  a t  the expense of a somewhat lower chemical y i e l d .  . Since animal 
s t u d i e s  (see s e c t i o n  6-a-1) have shown that  t h e  l e v e l  of carrier ACBC 
does no t  a f f e c t  t h e  tumor s p e c i f i c i t y  of t h e  agent,  th is  a l t e r a t i o n  i n  
procedure i s  not  expected t o  have any e f f e c t  upon the q u a l i t y  of the 
images obtained i n  these  four  p a t i e n t s .  

\c/ 
The f i r s t  two p a t i e n t s  w i l l  r e c e i v e  a maxi- 

This w i l l  be  done by decreasing t h e  l e v e l  of s t a b l e  KCN used 
Th i s  

. 

A t  s h o r t  t i m e  i n t e r v a l s  a f t e r  drug adminis t ra t ion  (% 15 minutes),  scanning 
bill k g i n  using t h e  ECAT (Emission Computerized Axial Tomographic) i n s  tru- 
m e r r t  o r  o t h e r  appro r iate nuclear  medical instrumentation. Due t o  t h e  
s h o r t  h a l f - l i f e  of ( 2 0 . 4  minutes),  o t h e r  s t u d i e s  are f e a s i b l e  a f t e r  
s h o r t  zime i n t e r v a l s  (2-3 hours).  Whenever poss ib le ,  t h e  same p a t i e n t  
w i l l  b s  s t u d i e d  on t h e  same day us ing  llC-ACPC by t h e  p r o t o c o l  w h i c h  has 
be- prev5ously approved f o r  t h a t  agent  (IhV 11845, da ted  16 September 
1975). Also, whenever i t  is  f e a s i b l e ,  a conventional n u c l e a r  medical scan 
w i l l  b e  obtained uslng IDA 67Ga-citrate, so that a d i r e c t  comparison of t h e  
t h r e e  tumor-imagino agen t s  can be  made. It is r e a l i z e d  that ,  f o r  the com- 
p a r a t i v e  s tudy  of 'IC-ACBC, IlC-ACPC, and 67Ga-citrate, the r a d i a t i o n  dose 
w i l l  becone of g r e a t e r  concern. Therefore,  i n  t hese  cases, t h e  dose of  
each r a d i o ? h a r a c e n t i c a l  w i l l  be ad jus t ed  downward by a f a c t o r  adequate t o  
a l l e v i a t e  p rob lem of r a d i a t i o n  dose. 

For dosimetry purposes and t o  determine optimal t iming of scanning, blood 
l e v e l s  of r a d i o a c t i v i t y  w i l l  be  determined a t  f requent  i n t e r v a l s  dur ing  
t h e  f i r s t  1 t o  1-1/2 hours  a f t e r  i n j e c t i o n  of t h e  radiopharmaceutical .  
Addi t iona l  information f o r  r a d i a t i o n  dose estimates w i l l  b e  gathered by 
whole body counting and determination of the r a d i o a c t i v i t y  exc re t ed  i n  t h e  
urine.  

The following l abora to ry  tests w i l l  be  done both b e f o r e  and 24 hours a f t e r  
i n j e c t i o n  of t he  radiopharmaceutical: complete blood count, u r i n a l y s i s  and 
plasma hemoglobin. Ca re fu l  observation of the pu l se  rate w i l l  be made 
dur ing  t h e  f i r s t  6 doses given. 

I f  any abnormality i n  c l i n i c a l  o r  l abora to ry  observa t ions  is seen ,  
appropr i a t e  follow-up s t u d i e s  w i l l  be  c a r r i e d  out.  
appears s e r i o u s ,  w e  w i l l  s t o p  a l l  f u r t h e r  c l i n i c a l  t r i a l s  and immediately 
n o t i f y  the  Food and Drug Administration. 

I f  the abnormality 

The p r i n c i p a l  ques t ions  t o  b e  answered are: 

1. Is the re  any unsuspected t o x i c  e f f e c t  of ACBC on humans a t  t h e  chemical 
dose levels  proposed? 
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2. \ ? i l l  the uptake of "C-ACBC i n  human tumors be  s u f f i c i e n t  t o  permit 
. tumor de t ec t ion  by scanning? 

3. For purposes of r a d i a t i o n  dosimetry, what is the blood c learance  rate 
and exc re t ion  p a t t e r n  f o r  llC-ACBC i n  humans? 

4. What is the optimum dose and scanning time f o r  tumor imaging? 

11. The sponsor w i l l  n o t i f y  the Food.and Drug Administration i f  the i n v e s t i -  
ga.tion i s  discontinued, and the reason f o r  it. 

12. The sponsor w i l l  n o t i f y  the i n v e s t i g a t o r s  if a new drug a p p l i c a t i o n  is 
approved. 

13. There are no p l ans  f o r  s e l l i n g  this drug; O a k  Ridge Associated U n i v e r s i t i e s  
is a nonprof i t  corpora t ion ,  and our  i n t e r e s t  is only i n  the b a s i c  and' 
in t roductory  c l i n i c a l  research phase of this work. 

14. "he sponsor w i l l  n o t  permit i n i t i a t i o n  of c l i n i c a l  s t u d i e s  of 'IC-ACBC 
p r i o r - t o  30 days z f t e r  t h e  d a t e  of r e c e i p t  of n o t i c e  of this a p p l i c a t i o n  
by the Food and Drug Administration. 
o r  t o  res t r ic t  cliniczl s t u d i e s  i f  requested t o  do so by the Food and Drug 
A d d i s t r a t i o n  p r i o r  t o  the exp i r a t ion  of such 30 days. 

He  a l s o  w i l l  cont inue  t o  withhold 
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TABLE 1 

W Effect of Carrier ACBC on the Tissue Distribution of 14C-ACBC i n  Male 

Buffalo Rats Bearing Morris 5123C Hepatomas at 30 Minutes Postinjection. 

Tumor/Tissue Conc. Ratioa 
Tissue 0.09 mg/kg 1 . 0  mg/kg 5.0 mdkg 

Liver 
Spleen 

Kidney 

Lung 
Muscle 

Mar row 

Sma 11 in tes t ine 

Blood 

Pancreas 

9.5 & 0.5 
5.8 2 0 . 2  

6 . 2  2 0 . 2  

5.4 2 0 . 7  

12.7 2 0 . 1  

4 .7  2 0 . 2  

3.9 2 0 . 2  

13.2 2 0 . 3  

1 . 3  2 0.1 

8.9 f- 1.3 
6.4 5 0.7 
6.5 2 0.6  

6.9 & 1.1 

17.5 f- 2 .4  

5.5 5 0 . 3  

4.0 f: 0.4 
13.3  5 1 . 7  

1 .3  - + 0 . 2  

10.8 3 1.4 
7 . 3  5 0 . 9  

7.5 f- 0 .9  

5.4 5 1 . 0  

16.6 5 2.2  

5.7 2 0 . 3  

4.8 5 0 .2  

15.4 5 2.2 

1 . 4  f- 0.2  

Averzge of 4 zninals  5 S . E .  a 

TABLE 2 

Total Excretion of "C-ACBC by Male Fischer Rats 

Time (min) X Administered "C Losta 

20 1.6 - + 0.4 
40 2 . 3  5 0 . 7  

60 2 .5  5 0 . 6  

90 3.3 2 0.6  

120 3.6 - + 0.5 
Average of 5 animals + S.E. a - 
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TABLE 3 

E f f e c t ' o f  Tumor Type on the Tissue D i s t r i b u t i o n  of 14C-ACBC (0.09 mglkg) 
u 

a t  30 Minutes Pos t in j ec t ion .  

a Tumor/Tissue Conc. Ratio 
Morris 5123C Morris 7777 Reuber H-35 Tissue  

Wier 
Spleen 

Kidney 

Lung 

Muscle 

Marrov 

Small intesrine 

Blood 

Pancreas 

9.6 2 1.0 

7.6 k O . 6  

6.8 k 0.1 

8.0 2 0.2 

16.3 L 1.0 

7.3 2 0.6 
4.3 2 0.3 

15.1 1.7 

1.3 20.1 

1.7 2 0 .1  

. 1.4 f: 0.1  

1.5 - 4- 0.1 

3.7 5 0 . 1  

1.2 f: 0.2 

0.9 - + 0.0 

1.6 2 0.2 

2.6 f: 0.2 

0.3 2 0.0 

6.3 2 0.5 

3.9 Ifr 0.2 
5.1 Ifr 0.2 

5.8 2 0.4 
10.3 2 0.5 

4.2 5 0.4 
3.9 20.3 

11.5 5 0 . 7  

0.8 5 0.1 

Average of 4 animals f: S.E. a 

TABLE 4 

Estimated Radia t ion  Dose from ''C-ACBC t o  Organs i n  Mana 

Tissue Radiation dose (rads /mCi) 

To ta  1 b o dy 0.011 

Liver 0.015 

Spleen 

Kidney 

Lung 
Muscle 

Marrow 

Small  i n t e s t i n e  

Pancreas 

Testis 

Ovary 

0.019 

0.019 

0.016 

0.011 

0.020 

0.022 

0.078 

0.009 

0.021 

Based on 30-minute t i s s u e  d i s t r i b u t i o n  of 14C-ACBC 
(2.3 mg/kg) i n  t h e  rat  following intravenous admin i s t r a t ion ,  
assuming immediate uptake by the organs followed by complete 
decay i n  s i t u .  

a 
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Fig .  4. Rectilinear scan of rats bearing three types of transplanted 
hep a tomzs . 
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MEDICAL AND IIEALTH SCIENCES DIVISION 
OAK RIDGE ASSOCIATED UNIVERSITIES 

OAK RIDGE, TENNESSEE 

I au thor i ze  the performance upon 
myself o r  name of p a t i e n t  

the following test: 
lk-l-aminocyclobutanecarboxylic a c i d  f o r  tumor de tec t ion .  

Phase I and I1 radiopharmaceutical tests of carboxyl-labeled 

The n a t u r e  and purpose of the tes t ,  the risks involved, and the  p o s s i b i l i t i e s  
of complications have been explained t o  me.  It has been made clear t o  m e  that I 
may ask ques t ions  about it, and I have no unanswered ques t ions .  
that this test i s  n o t  a t rea tment  f o r  my d i so rde r  nor  is  i t  be ing  done p r imar i ly  
f o r  my b e n e f i t ,  rather that the test  is f o r  experimental purposes,  t o  eva lua te  
the e f f i c i e n c y  and s a f e t y  of the procedure, and that i t  may b e n e f i t  o the r s .  Fu r the r  
I understand t h a t  any information from the test becomes t h e  proper ty  of ORAU and may 
be  published i n  the s c i e n t i f i c  l i t e r a t u r e ,  without use of my name, a t  the d i s c r e t i o n  
of the  s t a f f  of CPMJ. 

I understand 

Date 
( p a t i e n t  o r  person au thor ized  t o  consent f o r  
pa t i e n  t ) 

Witness : 

w 

I have t a lked  w i t h  about the 
proposed test t o  be given includiDg the  following: 

1. This  is a new rad ioac t ive  drug: Carboxyl-labeled "C-1-aminocy clobutane- 

2. The drug conta ins  t h e  r ad ioac t ive  i so tope  C and an organic  chemical i n  

carboxyl ic  acid.  

q u a n t i t i e s  much less than those required t o  produce any measurable chemical 
e f f e c t  i n  the body. P a t i e n t s  should f e e l  no e f f e c t  from t h e  drug. 

11 

3. The r a d i a t i o n  dose w i l l  b e  n o t  more than approximately 0.5 rad t o  t h e  whole body. 

4. mole body counts and scans w i t h  a conventional and poss ib ly  w i t h  an  experimental  
s c a m i n g  device w i l l  b e  made over a two-hour period. 

The p a t i e n t  may withdraw from the test a t  any t i m e .  5. 
6 .  I have o f fe red  t o  answer any ques t ions  the  p a t i e n t  may have. 

Date: 
I n v e s t i g a t o r  

W 

Revised September, 19 77 



MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Heal th  Sc iences  Divis ion 
Oak Ridge Associated U n i v e r s i t i e s  

PERSON SUBMITTING PROPOSAL Karl F. H a n e r ,  M.D. PROPOSAL NO. zr- / 
\rj DESCRIPTlON : 

A 6 8 ~ ~ - ~ ~ ~ ~ ~  MICROSPHERE PREPARATION FOR THE STUDY OF LUNG 
PERFUSION IN SUBJECTS WITH PNEUMOCONIOSIS. Dose no t  t o  exceed 
1 m i l l i c u r i e  pe r  70 kg body weight.  

d ’ * T h e  Committee approves w i t h  t h e  fo l lowing  l i m i t a t i o n s :  

Radiopharmaceutical  may- may n o t  b e  adminis te red  t o  p a t i e n t s  under 
18 years  of age. 

Radiopharmaceutical  may- may n o t  V b e  adminis te red  t o  pregnant  p a t i e n t s .  

The Committee disapproves f o r  the  fo l lowing  reasons:  

\ 

MEMBER APPROVAL DISAPPROVAL, ABSENT DATE 

Acknowledgement of s u b m i t t e r  d& ’tc. -h-Ld Date ( 0 7 6  I478 

‘\si Human Stud ies  approval  gran ted  on 
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APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 

TO: COMMITTEE ON HUMAN STUDIES 
Oak Ridge 'Associated Un ive r s i t i e s  and 
Oak Ridge National Laboratory 

Date: June 26, 1978 

P r i n c i p a l  Inves t iga to r :  Karl F. Hcbner, M.D. 

Co-Investigator: Raymond L. Hayes, Ph.D. 

T i t l e  of Pro jec t :  A 68GA-LkBELJZD MICROSPHERE PREPARATION FOR THE STUDY 
OF LUNG PERFUSION IN SUBJECTS WLTE PNEUMOCONIOSIS 

I. Objectives of  Experiment: 

The b a s i c  o b j e c t i v e  of t h i s  s t u d  
may be derived from t h e  use  of 6gGa-labeled 3M Microspheres i n  t h e  
q u a n t i t a t i v e  assessment of t he  degree of per fus ion  impairment i n  
p a t i e n t s  a f f l i c t e d  w i t h  d i f f e r e n t  s t a g e s  of pneumoconiosis. 

i s  to determine t h e  b e n e f i t s  t h a t  

Gallium-68 is  a p o s i t r o n  emitter w i t h  a 68-min h a l f  l i f e  t h a t  is 
available from a long-lived (T1/2 = 287 d) 68Ge genera tor .  Tin-treated 
albumin Microspheres (3M Company, St. Paul, Minn.) can be  labe led  wi th  
68Ga by a s u i t a b l e  adjustment of t h e  pH of Microsphere suspensions con- 
t a i n i n g  68GaCl3. 
p r e f e r e n t i a l l y  i n  t h e  lungs (see Appendix). 
pos i t ron  tomograph, i t  w i l l  b e  poss ib l e  t o  ob ta in  c ross -sec t iona l  
images of t h e  lungs which can then be  evaluated q u a n t i t a t i v e l y  f o r  
perfusion de fec t s .  

This p repa ra t ion  has  been shown i n  animals t o  l o c a l i z e  
By us ing  t h e  ORTEC ECAT 

X I .  Methods of Procedure: 

3M Microspheres (obtained i n  k i t  form) w i l l  be l abe led  w i t h  68Ga by 
incubation of suspended Microspheres i n  the  
pH 4.5. The 6SGaC1 w i l l  be produced from 6&hEDTA which i n  tu rn  will 
be obtained from a 28Ge genera tor  (procedure covered i n  IND 13,533 for 
68Ga ci t ra te) .  

resence of 68GaC13 a t  
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The intravenously i n j e c t e d  volume of t h e  p repa ra t ion  w i l l  n o t  exceed 
5 m l  nor contain more than 2 mg of albumin (360,000 p a r t i c l e s ) .  The 
s i z e  range of t he  p a r t i c l e s  w i l l  be  checked wi th  a hemocytometer and 
t h e  prepara t ion  r e j e c t e d  i f  clumping o r  p a r t i c l e s  exceeding 100 y are 
present.  The amount of 68Ga i n j e c t e d  w i l l  n o t  exceed 1 m C i / 7 0 k ~ .  

A t o t a l  of 20 p a t i e n t s  w i l l  be studied. H a l f  of t hese  p a t i e n t s  w i l l  
have chronic  obs t ruc t ive  lung d i sease  o r  pneumoconiosis (black lung). 
The o t h e r  ha l f  will be p a t i e n t s  who have had r a d i a t i o n  therapy f o r  
treatment of b r e a s t  cancer w i t h  p o t e n t i a l  complications from radiation- 
induced pneumonitis o r  pulmonary f i b r o s i s .  
a c t  as a model f o r  pneumoconiosis i n  its earliest s t age .  These subjec ts  
w i l l  be p e r i o d i c a l l y  examined w i t h  68Ga-labeled Microspheres during 
and following conventional f r a c t i o n a t e d  radiotherapy. 

The la t ter  condi t ions  w i l l  

The schedule f o r  scanning t h e  radiotherapy p a t i e n t s  with 68Ga-labeled 
Microspheres w i l l  be t h e  following: 
o r  2/3 of the way through the treatment period, (3) a t  the end of 
therapy, and ( 4 )  a t  monthly i n t e r v a l s  f0 r . a  per iod  of 9 months following 
completion of radiotherapy. A l l  p a t i e n t s  w i l l  receive, i n  add i t ion  t o  
t h e  68Ga Microsphere scans, 133Xe v e n t i l a t i o n  s t u d i e s ,  9gnTc 3M Micro- 
sphere  per fus ion  s t u d i e s ,  and conventional pulmonary func t ion  s tud ie s .  

(1) befo re  therapy, (2) a t  4 weeks 

P a t i e n t s  w i l l  be  r e f e r r e d  t o  the Medical and Health Sciences Division 
by Drs. Spencer B e l l  (lhoxville) and Frank Comas and Thomas Sullivan 
of t h e  Univers i ty  of Tennessee Memorial Hospi ta l .  

I 111. Poss ib l e  Hazards and t h e i r  Evaluation: 

1. Toxic i ty  of albumin Microspheres. W 

It has been shown that t h e  t o x i c i t y  of macroaggregated albumin ( M U )  
increases wi th  inc reas ing  p a r t i c l e  s i z e .  ' T a p l i n  et al . ,  found no change 
i n  systemic o r  pulmonary arterial  blood pressure  of dogs when suspensions 
of MAA smaller than 35 ~r i n  diameter were administered i n  doses as high 
as 40 mg/kg. 

Abrupt increases i n  pulmonary arterial pressure ,  followed by decreases 
i n  systemic arterial  pressure ,  w e r e  found wi th  suspensions of p a r t i c l e s  
up t o  80, 150 and 300 p i n  diameter a t  doses of 20-25, 1 0  and 5 mg/kg 
r e spec t ive ly .  U s e  of suspensions with s i g n i f i c a n t  numbers of p a r t i c l e s  
exceeding 100 1.1 i n  diameter should be  avoided. 
pensions t h a t  con ta in  any par t ic les  >lo0 i n  diameter. Each prepara t ion  
w i l l  be checked be fo re  i n j e c t i o n .  Furthermore, t he  t o t a l  dose of albumin 
w i l l  n o t  exceed 2 mg/70 kg. 

W e  w i l l  no t  use sus- 

2. Hazards i n  p a t i e n t s  wi th  pulmonary arterial  hyperterzsion o r  l e f t  t o  
r i g h t  shunt. 

A t y p i c a l  dose of 100,000 t o  500,000 p a r t i c l e s  o b s t r u c t s  w e l l  under 
1/1,000 o f  t h e  cross-section of t he  pulmonary vasculature of a a o r m l  
i n d i v i d u a l  (Roger H. Secker-IJalker, Lung Scanning. 
Nuclear Medicine, A. Got t scha l f  and E. J. Potchen, e d y ,  The Williams 
& Wilkins Company, Baltimore, 1976, pp. 341-396) .  

In Diagnostic 
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The c o n t r o l  of p a r t i c l e  s i z e  i s  p a r t i c u l a r l y  important i n  p a t i e n t s  wi th  
pulmonary a r te r ia l  hypertension. 
muscular pulmonary arteries of these  ind iv idua l s  may b e  reduced t o  10- 
20% of the normal. 
pulmonary arterial  tree than i n  normal lungs and o b s t r u c t  a l a r g e r  
f r a c t i o n  of t h e  c ross -sec t iona l  area of the  pulmonary vascu la tu re ,  which 
a l ready  has  been reduced by disease.  

The diameter of t h e  lumen of t h e  small 

P a r t i c l e s  thus w i l l  lodge more proximally i n  t h e  

In p a t i e n t s  w i th  r i g h t  t o  l e f t  shunts ,  pe r iphe ra l  ar ter ia l  embolism 
could b e  a problem e s p e c i a l l y  w i t h  l a r g e  p a r t i c l e s .  
p a t i e n t s  history and d iagnos is  and again s t r i c t  c o n t r o l  of  p a r t i c l e  
s i z e  should avoid any complications such as i a t r o g e n i c  pulmonary 
embolism. 

At t en t ion  t o  t h e  

I V .  Radioisotopes and New Drugs: 

This proposal w i l l  be  submitted t o  the  ORAU Medical I s o t o p e s  Committee 
on J u l y  5 ,  1978. 
t h e i r  a c t i o n  when the  Committee meets on Ju ly  10, 1978. The ORAU 
I n t e r n a l  Dose Information Center estimates the r a d i a t i o n  dose from 68Ga 
Microspheres t o  b e  2.8 rads/mCi, assuming complete depos i t i on  i n  the 
lungs wi th  no loss from that organ during decay. 

The drug used i n  this 68Ga p repa ra t ion  w i l l  be 331 Company's I n s t a n t  
Microspheres produced from human serum albumin and dispensed i n  kit 
form f o r  l a b e l i n g  w i t h  "9c .  The manufacturer claims a p a r t i c l e  
s i z e  range of 95% 10-45 )J with a l l  p a r t i c l e s  having a diameter of 
less than 50 p. 
i n  a 68Ga l a b e l i n g  e f f i c i e n c y  of g r e a t e r  than 95%. 

The Committee on Human Studies w i l l  be n o t i f i e d  of 

Our procedure using 68Ga r a t h e r  than 99mTc r e s u l t s  

V. Respons ib i l i t y  of P r i n c i p a l  Inves t iga to r :  

The p r i n c i p a l  i n v e s t i g a t o r  w i l l  follow t he  procedures of t h e  Conunittee 
on Human Studies  i n  obta in ing  "informed consent" from t h e  s u b j e c t s  
under study. The i n v e s t i g a t o r  recognizes t h a t  he r e t a i n s  t h e  primary 
r e s p o n s i b i l i t y  f o r  safe-guarding t h e  i n t e r e s t s  of t h e  p a r t i c i p a n t s  
under s tudy .  Any s i g n i f i c a n t  changes i n  methods of procedure o r  of 
the development of unexpected risks w i l l  be inmediately brought t o  
t h e  a t t e n t i o n  of t h e  Committee on Human Studies. 

S t a r t i n g  Date August 20, 1978  

I n v e s t i g a t o r  

4 
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DIVISIOH REVIEW: 

The application described above has been reviewed and approved. 

Off ic ial  signing for the inst i tut icn:  

Signature 

T i t l e :  Chairman, Medical and Health Sciences Division 

Institution: Oak Ridge Associated Universities 

Date: June 26, 1978 
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A n t e r i o r  rect i l inear  lung s c a n  of a dog tha t  had r ece ived  68Ga-labeled 
Microspheres  'L45 minutes  p rev ious ly .  
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R.LI Hayes - 

b r c h  16, 1978 

RADIATION DOSE FROM 68GA 

Evelyn E. Watson 

F i l e  

As you requested, I have calculated the radiation dose to  a patient 
from one mil l icurie  of 6SGa, 
administered ac t iv i ty  goes to the lungs and renains there u n t i l  
decay is complete, the dose t o  the  lungs would be 2.8 rads/millicurie 
administered and the dose to the to ta l  body would be 0.054 rads/ 
mil l icurie  administered. 

If w e  assume that  100% of the 

EEIJ: np 



MEDICAL RADIONUCLIDE COMMITTEE 
Medical and H e a l t h  Sciences Division 

Oak Ridge Associated Un ive r s i t i e s  

78-1A 'd PERSON SUBMITTING PROPOSAL F o  Hi;bner* PROPOSAL NO. 

DES CRIPTION : 
GA-68-LABELED 3M MICROSPHERES 

Change previous approved level of 68Ga from 1 m C i  pe r  70 kg t o  1.4 m C i  p e r  70 kg 
(20 uCi/kg) based on new assessment of r a d i a t i o n  dose (see a t tached  t a b l e ) .  

@ The Corni t tee  approves with the  following l i m i t a t i o n s :  

Radiopharmaceutical may- may n o t .  / be administered t o  p a t i e n t s  under 
18  years of age. 

Radiopharmaceutical may- may n o t  u/ be administered t o  pregnant p a t i e n t s .  

Other: 

a The Committee disapproves f o r  the following reasons: 

'G 

MEMBER,, 

- 
N 

APPROVAL DISAPPROVAL 

t, 

n°C %==- 

ABSENT DATE 

/ / /7 f  3/22 

L. Acknowledgement of submi t te r  \ c d  7 .  k-LJ Date 3\\4(74 



Oak Ridge Associated Universities 
MEMORANDUM 

FROM Jack Coffey 9 Dr .  Ray Hayes 

U DATE March 1, 1979 COPIES TO F i  1 e 

SUBJECT RADIATION DOSE FROM Ga-68 MICROSPHERES 

Below i s  a t a b l e  of dose est imates f o r  Ga-68 microspheres based on t h e  
i n fo rma t ion  you gave me by phone. I f  you have any quest ions,  j u s t  g i v e  
me a c a l l .  

Rad ia t i on  Dose (rad/mCi) f rom IV I n j e c t i o n  
o f  Ga-68 m i  crospheres 

Organ 

Kidneys 

L i v e r  

Lungs 

Ovaries 

Spleen 

Testes 

To ta l  Body 

Rad ia t ion  Dose 

0.062 

0.068 

2.1 

0.014 

0.037 

0.014 

0.054 

3a h 

. - 1 ; .  



PERSON &'FITTING 

MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences  Div is ion  

Oak Ridge Associated U n i v e r s i t i e s  

PROP OS AI, Karl F. HGbner, M.D. PROPOSAL NO. 79-1 

DESCRIPTION : 
68Ga-EDTA ae roso l  for lung v e n t i l a t i o n  s t u d i e s  by p o s i t r o n  tomography. 
s tudy  no t  t o  exceed 1.5 m C i .  
3 mg. 

Dose p e r  
The chemical q u a n t i t y  of Na2-EDTA w i l l  no t  exceed 

d The Comnittee approves w i t h  t h e  fo l lowing  l i m i t a t i o n s :  

Radiopharmaceutical  may- may not x be adminis te red  t o  p a t i e n t s  under 
18 years  of age. 

Radiopharmaceutical  may- may n o t  X b e  adminis te red  t o  pregnant  p a t i e n t s .  

Other: 

a The Committee disapproves for the fo l lowing  reasons: 

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Acknowledgement of submi t t e r  k d  7 .  k,L J Date 51 70(7q 

Proposa l  does / does n o t  r e q u i r e  approval  of Cormnittee on Human Studies .  
W 

Human Studies  approval  gran ted  on 
/ 
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DOSE ESTIMATES FOR 6 8 ~ ~  AEROSOL 

. Organ 

Kidneys 

Liver 

Lungs 

Ovaries 

Spleen 

Testes 

Total Body 

Radiation Dose (Rads) 
Per 1.5 mCi 

0.066 

0.073 

3.15 

0.015 

0.040 

0.015 

0.058 



AMENDMENT TO IND 13,383 

Use of 68Ga-EDTA Aerosol for Quantitative Ventilation Studies by Positron 
Emission Computed Tomography (ECT) 

We propose to test the use of 68Ga-EDTA for diagnostic evaluation of 
lung air spaces by positron emission computed tomography (ECT). 
advantage of any 68Ga labeled radiopharmaceutical (unlike 13N and llC agents), 
if proven useful, is that 68Ga (T-1/2 68 rnin) is readily available from a 
68Ge-generator with a 287 day half life. 
68Ga-EDTA aerosol ECT would complement perf usion studies with 68Ga-labeled 
microspheres (3M) as described in our IhQ 

One distinct 

Clinical diagnostic applications of 

Preparation and Administration of 68Ga-EDTA Aerosol 

Gallium will be prepared by the procedure described in IND f13,383. 

Aerosol production and inhalation is done according to the method of 
Taplan and Chopra (Ref. 1, 2). A copy of the most recent version of Dr. G. 
Taplan's procedure is attached to this amendment. 

The 68Ga-EDTA will be of high specific activity (0.5 to 1 mCi/ml) so 
that small volumes may be nebulized in a relatively short time for fairly 
rapid administration of the dose. The dose 68Ga-EDTA aerosol proposed in 
this study is not to exceed 1.5 mCi per study. The chemical quantity of 
Na2EDTA will not exceed 3 mg. 

Patient Population of the Study 

Patients to be included in this study are patients with one of three 
pulmonary disease states: 

(a) Sarcoidosis 

(b) Radiation fibrosis or pneumonitis 

(c) Chronic obstructive pulmonary disease (COPD) 

The patients are going to be studied on an outpatient basis referred by 
the UT-Memorial Hospital Radiology Department, Radiation Oncology Department, 
and the Knoxville Pulmonary Group. 

Control subjects are not included. Test results will be compared to 
diagnostic findings and values obtained with conventional diagnostic modalities. 
In addition, patients who are scheduled to receive radiation therapy to the 
chest (patients with mammary carcinoma, and patients with Hodgkin's Disease) 
offer the opportunity to compare "normal" test results collected before the 
start of treatment or from areas of the lung not directly affected by the 
treatment with results cbtained with 68Ga-EDTA aerosol. 

A sample of the "Informed Consent Form" for this study is attached to 
this amendment. 

Summary of Research Protocol 

Ten to 20 patients are scheduled for each disease category. 
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w (a) Sarcoidosis patients are scheduled to have physiologic pulmonary 
function studies and a chest radiogram and tomographic ECT scans with 68Ga- 
EDTA aerosol and 68Ga-microspheres at the time of diagnosis and at 3 months 
intervals as the course of the disease may indicate. 

(b) Patient selected for radiation therapy (to the axillae, the cervical 
and mediastinal regions) will have the same studies as indicated for patients 
under (a) before beginning radiation therapy, at 4 weeks or 2/3 of the way 
through the treatment period, at the end of therapy, and at monthly intervals 
for a period of 9 months following completion of radiotherapy. 

(c) Patients with COPD will only have one set of studies, since changes 
of pulmonary function are likely to occur only slowly in this type of disease. 
However, changed pulmonary function due to COPD could provide a good test for 
the sensitivity and specificity offered by the different diagnostic methods 
to be compared in this study. 

It is anticipated that the study will be completed within two years 
after approval of the amendment to IND 513,383. 

Risks from 68Ga-EDTA Aerosol Lung Studies 

No chemical or pharmaceutical risks can be foreseen with the chemical 
The amounts of 67Ga and EDTA as proposed for this clinical investigation. 

risk from the radiation associated with the use of 68Ga-EDTA by inhalation is 
exceedingly small. The ORAU Internal Dose Information Center estimates the 
radiation dose from 68Ga-EDTA aerosol to be 2.8 rad/mCi, assuming complete 
deposition in the lungs with no loss from that organ during decay. 

- 
Internal Approval of this Amendment 'Was Obtained 

Internal Approval of this amendment was obtained by the ORAU Medical 
Isotopes Committee on , 1979 and by the ORAU/ORNL 
Committee on Human Studies on , 1979. 
Reference 

Taplin, George V., and Chopra, Sawtantra K. Inhalation lung imaging with 
radioactive aerosols and gases. Prog. nucl. Med., 5 ,  119-143, 1978. 

Taplin, George V., and Chopra, Sawtantra K. Lung perfusion-inhalation scinti- 
Sraphy in obstructive airway disease and pulmonary embolism. Rad. Clin. of 
N. her., 16, 491-513, 1978. 
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i MEDICAL RADIONUCLIDE COMMITTEE 

Medical and Health Sc iences  Div is ion  
' i  Oak Ridge Associated U n i v e r s i t i e s  

PERSON SUBMITTING PROPOSAL afl. /A& x fluau&J? PROPOSAL NO. 74-2 

11/1 The Committee approves wi th  the  fo l lowing  l i m i t a t i o n s :  

Radiopharmaceutical  may- may n o t  
18 yea r s  o f  age.  

Radiopharmaceutical  may- may n o t  /* b e  adminis te red  t o  pregnant  p a t i e n t s .  

b e  adminis te red  t o  p a t i e n t s  under - 

d 

Other: /& p/b<-zf 0 4 U A L q  /& y&A4s o/=ALf c A b C  

f ly C A d &  A p p q a u 4  d / =  

W4AlI7& f 5  nC-dc//&%, 
/*, & & L A X  R A ~ / D ~ U C A / W  

11 The Committee disapproves f o r  t he  fo l lowing  reasons:  

MEMBER APPROVAL DISAPPROVAL ABSENT DATE 

Acknowledgement of submi t t e r  rh 1 

......................................................................... 
Proposal  does does n o t  r /  r e q u i r e  approval  of Committee on Human Studies .  

Human Stud ies  approval  gran ted  on 
9 

101191 28 



SQUIBB 

Fraction 
Hours Remaining 
-5 1.777 
-4 I .58J 
- 3  I A12 
-?  1.258 
- 1  I .  122 
*o 1 .ooo 
! 0.891 - 0.795 
3 0.708 
4 0.63 1 

1 

J3-3XYL 

Fraction 
Hours Remaining 

5 0.563 
6 0.502 
7 0.447 
8 0.399 
9 0.355 
IO 0.217 
I I  0.282 
I2 0.25' 
18 0.126 
24 0.063 

J3-3X9L 

Rcviwd January 197') 4 

M I N I TE C'" 
Technetium Tc 99m 
G EN ERATOR 

DESCRIPTION 
Minitec (Technetium Tc 99m)  Generator consists of a specially 
designed lead-shielded column containing ,fission product: 
produced Molytidenum Mo 99 adsorbed on alumina which releases 
""'Tc upon elution. The lead shield has access ports at the top of 
the column. allowing aseptic elution and storage under conditions 
of constant shielding. 

Elution of the generator provides a means of obtaining a sterile. 
nonpyrogenic supply of Technetium Tc 99m. as sodium P"'Tc) 
penechnetate. w m T ~ ,  the short-lived daughter (T% = 6.03 hours) of 
Molybdenum Mo 99 ("Mo. T 'h = 66.0 hours). is obtained from 
the enerator by periodic elution. The amount (in millicuries) of 
ml?c obtained in the initial elution will depend on the original 
wtency of the generator, while the activity obtained from sub- 

d q u e n t  elutions will depend on the time interval between elutions. 
The fission product Molybdenum M o  99 used in the generator 

meets or exceeds the purity requirements of the US Nuclear Reg- 
ulatory Commission with respect to allowable levels of contami- 
nants. The aluminum concentration is not more than IOpg per ml 
of generator eluate. The eluate meets the USNRC limits for *Mo 
contamination. that is. not more than 1 microcurie wMo per mil- 
licurie of "'"Tc or 5 microcuries per dose of gmTc administered. 
Each elution from the generator should be assayed before use for 
*'"Tc activity and for the possible presence of "Mo. Directions for 
both assays are provided in this monograph. Material containing 
more than 5 microcuries of "Mo per dose of ""'Tc penechnetate 
exceeds US Nuclear Regulatory Commission limits and should not 
be administered. 

PHYSICAL CHARACTERISTICS 
Technetium Tc 99m decays by isomeric transition with a physical 
half-life of 6.03 hours.' The principal photon that is useful for 
detection and imaging studies is shown in Table I .  

TABLE I 
Principal Radiation Emission Data 

Mean '7n per Mean Energy 
Radiation Disintegration (keV) 
Gamma 90.7' 140.5 

'Dillman LT. Von der Lage FC: Radionuclide Decay Schemes and Nuclear Parame- 
ten for UK in Rdiation-Dose Estimation. MIRD Pamphlet No 10. p 62. Soc Nucl 
Med. Sept 1975 

'From the Evaluated Nuclear Strucrure Duta Fik (ENSDF). Atomic Industrial Forum 
Steering Committee on Standards. May 1977 

External Radiation 
>e specific gamma ray constant for **"'Tc is 0.8 R/millicurie- 

U u r  at 1 cm. The first half value layer is 0 . 2  mm of Pb. To 
facilitate control of the radiation exposure from millicurie amounts 
of this radionuclide. the use of a 2.7 mm thickness of Pb will 
attenuate the radiation emitted by a factor of I.000. 
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TABLE II 
Radiation Attenuation by Lead Shielding 

Shield Thickness Attenuation 
tPb) iniii Factor 

0.2 0.5 
lo-' Io-' 0.95 
IO4 1.8 

2.7 
3.6 Io-' 
4.5 10-5 

To correct for physical decay of this radionuclide. the fractions 
that remain at selected intervals before and after the time of cali- 
bration are shown in Table 111. 

TABLE 111 

CLINICAL PHARMACOLOGY 
The biological distribution of penechnetate -Tc is similar to that 
of the iodide ion. concentrating in the thyroid gland, salivary 
glands. choroid plexus, and gastric mucosa. However, in contrast 
to the iodide ion. the penechnetate ion is released unchanged from- 
the thyroid gland. Pertechnetate tends to accumulate in m a s  of 
high vascularity such as in intracranial lesions with excessive 
neovascularity or an altered blood-brain barrier. 

Following intravenous administration. the penechnetate ion re- 
mains in the circulatory system for sufficient time to permit blood 
pool, organ perfusion. and major vessel studies: then it gradually 
equilibrates with the extracellular space. A fraction is promptly 
excreted via the kidneys. 

INDICATIONS AND USAGE 
Adults 
Sodium pertechnetate *"lrTc is indicated in adults for brin imaging 
including cerebral radionuclide angiography. thyroid gland imag- 
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ing. s;iliv;iry pl:rnd iinaping. pl;icent;i 1oc;iliz;ition. and hlood pool 
iningiiig including r;idionuclide ;ingiogr;iphy. 
Pediatric Patients 
S~~~l i t in i  pc.rtcchnct:rtc """'Tc i s  indic:itcd in pcdi;itric pitictits tor 

I iniiiging including cerchrd r;iilionuclitle :ingiogr;iphy. 
w ) i d  gland imaging, and hlood pool ini;iginy including 
ratlionuslide mgiography . 

Resting 
Tissue Population 

Bladder woll 1.59 
Gastrointestinal tract 

Stomach wall 7.50 
Upper large intestine wall 2.04 
Lower large intestine wall 1.83 

Red marrow 0.57 
0.27 Testes 

Ovaries 0.66 
Thyroid 3.90 
Brain 0.42 
Whole-body 0.41 
Placenta 
Fetus 

CONTRAlNDlCAflONS 
None known. 

Active 
Popular ion 

2.55 

1.53 
3.60 
3.30 
0.51 
0.27 
0.90 
3.90 
0.36 
0.33 

0.05 
0.05 

WARNINGS 
Radiophariii~euticals hhould not be administered to patients who 
are pregnant or to nursing mothers unless the expected henetit to 
be gained outweighs the potential hazards. 

formula-fcedings should he suhsiituted for breast-feedings. 
Ideally. examinations using radiopharmaceuticals. especially 

those elective in nature. of a woman of chi1dbe;rring capability 
should be performed during the tint few (approximately IO) days 
following the onset of menses. 

Riidiation risks associ:ited with the tihe of sodium pertechnetate 
greater in children thm in :rdults and. in general. the 

younger the child the greater the risk owing to greater abwrhed 
riii1i;ition doses and longer life sapcctancy. Thcse greater risks 
hhortld be takcn firmly into ;iccount in ;ill bcncfjt-risk assessments 
involving children. 

Sincc !IHnlTc is excreted in human milk during lactation. 

!I!IIIITc are 

IMPORTANT 
Since material obtained from the generator may be intended 
for intravenous administration. aseptic technique must he 
strictly observed in all handling. Only the eluent provided 
should be used to elute the generator. Do not administer mute- 
rial eluted from the generator if there is any evidence of 
foreign matter. 

'CAUTIONS 
use of any radioactive material. care should be taken to 

insure minimum radiation exposure to the patient and occupational 
workers consistent with proper patient management. 

At the time of administration the solution should be crystal 
clear. 

ADVERSE REACTIONS 
No adverse reactions specifically attributable to the use of "nlTc 
have been reported. 

DOSAGE AND ADMINISTRATION 
Sodium pertechnetate !*"'Tc is usually administered by intravenous 
injection but can be given orally: the dosage mmployed varies with 
each diagnostic procedure. 
Adults 
The suggested dose ranges in the average adult (70 kg) for various 
diagnostic indications are: 

Bnin imaging: IO to 20 millicuries 
Thyroid gland imagine: 1 to IO millicuries 
saiivarv :land im&ni: I to 5 mi~~icuries 

-001 i m g n e :  i T t o  30 mi11icuriesJ 
Placenta localization: I t o i l c u r i e s  

Pediatric Patients 
The suggested dose ranges in pediatric patients for various diag- 
nostic indications are: 

(A minimum dose of 3 to 5 millicuries should be employed if  
cerebral radionuclide angiography is performed as put  of the 
brain imaging procedure.) 

(A  minimum dose of 3 to 5 millicuries should be employed it '  u' radionuclide angiography is performed as part of the blood 
pool imaging procedure.) 

NOTE: Up io I s of rciigivi: gritcic' poriissiirrri prrralriclrtrre i r r  
siritirhlt. Iiirsr or ~ ~ ~ r p s i r l c  i r i q  ho , j w i  ortrlly prior io ircliniriisrrir- 
tiori oj' .soilirriri pcrtidiriertitr !6'111Tc Jijr hriiiri i rmi ,~ i r i ,g ,  hloocl /io01 

Bnin imaging: 140 to 28Q niicrocuries/kg body weight 

Thyroid gland imaging: 60 to 80 microcurieslkg body weight 
Blood pool imaging: I40 to 280 microcuries/kg body weight 

; r l i ( / ,v ; f f ,v .  trrrcl / ' l l r l ~ l * r r r c r  I i l c ~ c r l i . - c t r i o r ~ .  I C % l ~ r r  votlirrrri ~"'~l"'hr,c~rirrl~ 
!l~Il,, 7' ( . I,\ ' . t r s c d  irr c~lii/clrc*rr , / iw hritiri or / I /~III~/  p c 1 1 1 I  i t ryy i r t ,q .  crcl- 
~ l l ~ r t ~ . $ ~ r ~ l l / ~ J l l  i l l '  / ~ l l ~ l l . ~ . V ~ l ~ l ~ ~  / > l ' ~ c ~ / i / l l ~ t / ~ l ~  iS l * . \ ~ ~ i ~ ~ ~ l t l / / l '  l i l l / ~ ~ l ~ ~ ~ l l ~ ~  !(I 

I I I ; I I ; I I I ; : ( +  /hc  ~ r / ~ v o i h c d  i .crtl i icriorr ,lo.vt i o  rlrc rliyr.oitl ,yItrrril. 
The piiticiit h e  4iould hc mciisured hy a suitable r;idioactivity 

c;ilihration s! stem iiiiiiiciliatcly prior to administration. 
R;idioph;iriii;iceutic:ils should hc used only by phyhicians who 

arc c!u;ilitied hy training :rnd experience in the safe use and han- 
ding of r:idioniiclides and whose experience and training have 
hecn ;ippn)\ed hy the iippropriate government agency authorized 
t o  liccn5e thc I I S ~  01' r:rdionuclitles. 

Radiation Dosimetry 
Adults 
The ehtini:iteJ ;ibwrhed r;idiation doses to an average adult (70 kg) 
from an intravenous injection of a maximum dose of 30 millicuries 
of sodium pertechnetate !'"mT~ distributed uniformly in the total 
body of whjects not pretreated with a blocking agent such as 
re;igent grade potassium perchlorate are shown in Table IV. For 
placental Ioccllization studies when a maximum dose of 3 mil- 
licuries is used it  is assuiiied to he uniformly equilibrated between 
niaternd :ind fetal tissues. 

HOW SUPPLIED 
Minitec (Technetium Tc 9911~) GenrrJtor is available in potencies 
of 220. U O .  880. 1330. 1770. or 2220 millicuries !*Mo at calibra- 
tion time. Coriiplete assay data for each generator are provided on 
the label: directions for determining the activity of material eluted 
from the generator are provided in thih monograph. 

Supplied with the generator are vials of sterile. nonpyropenic 
eluent. and suitable equipment for eluting, collecting. and *say- 
ing the Technetium Tc 99m. 

DIRECTIONS FOR ELUTING !6'i11Tc 
Eluting the generator every 24 hours will provide optimal amounts 



L . .  
of !*'"'Tc. Most laboratories will therclorc lind it  conkcnicnt to 
elute the generator each day :it a qxcil'ic titnc. However. the 
gencriitor may hr: eluted whenever sulficierit ;i~noiint~ of """'Tc 
have accumulated within the coltinin. 

Read entire procedure before hcginnillg elution. C;ircl'ully t'ol- 
low each srcp in the order dcscrikd. 

IMPORTANT: &, NOT remove the white plastic nwdle 
covers when inserting Needle Adapter Assembly into 
generator. 
1. TO attach sterile Needle Adapter Assembly to the l e d  

generator shield: 
(a) Remove the two port plugs from top of the shield. 
(b) Using a sterile cotton-tipped applic;itor. swab the exposed 

rubber closures inside the port holes with a suitable ger- 
micide. 

(c) Position Assembly so that the guide pin on underside of 
Assembly will align with hole in shield: the needle ends 
will then align with port holes. (Assemhly can only be 
mounted one way.) 

(d) Press Assembly into port holes so that it is firmly seated. 
The needles have now pierced the rubber closures. Be cer- 
tain that Assembly is securely attached to the shield. Once 
seated. the Assembly should not be removed. 

2. Usingonly the Sterile Eluent Vial provided with the Miniter 
(Technetium Tc YYm) Generator, insert the vial into the 
short compartment on Needle Adapter Asseiiihly ;is follows: 
(3) Swab rubber closure of Eluent Vial with germicide. 
(b) Remove cap from the short corilpartmcnt on A.xscii?bly xiid 

firmly position Eluent Vial on the needles. . ' 

NOTE: THE ELUEST VIAL MUST BE ATTACHED TO 
THE NEEDLE ADAPTER ASSEMBLY BEFORE .ATTACH- 
ING THE EVACUATED VIAL OR THE VACUUM IN THE 
EVACUATED VIAL WILL BE LOST. 
3. Attach Sterile Evacuated Collecting Vial: 

(Fits into the tall compartment on Needle Adapter Assembly) 
(a) Place Collecting Vial into the Collecting Vial lead shield: 

cover with the lead neck retainer cover and firmly cecure 
cover to shield with the plastic lock ring. 

(b) Swab rubber closure of the lead-shielded Collecting Vial 
b with germicide. 

The following illustration shows 
generator assembled for elution. 

C D l k C t ~  - Vial ShnM 

Plastic 
Loch Ri- - Nech 
IellIMf covei 

( c )  Rcinovc cap froin the tall comp;irtment o i l  Assemhly and 
firmly position Collecting Vi;il on the nccdlc. This will 
\tan the elution. Elution should he complete three minutes 
iifter Elucnt Viiil has einpt icd. 

4. When clittion is coniplcte. rcpliice Collecting Vial with the 
Minitcc Needle Cover Vial. 
( a )  Swab ruhhcr clocure ol' Needle Cover Vial with germicide. 
( b )  Rcinovc lead-shieltled Collecting Vial (which now con- 

tains thc radioiictive eluiitc) from the ncedlc and im- 
mediately position Nccdlc Cover Vial on the needle. Push 
Nccillc Cover V i d  on ncedle ;is far as it will go. 

( c )  For added shielding of eluate. place l e d  cap over the 
lead-shielded Collecting Vial. 

5 .  To innintiiin sterility of the system. iiftcr each milking. leave 
the empty Sterile Eluent Vial (Step 2)  in position and replace 
the Collecting Vial with the same Needle Cover Vial (Step 4) 
until  the generator is to he eluted ;ig:iin. 

DIRECTIONS FOR ASSAYING !'!'nllT~ ACTIVITY 
The !'"'~'Tc activity of the .Minikc (Technetium Tc 99m) Generator 
eluate may be conveniently assayed by using an ionization 
chamher-type dose calibrator such as the Squibb Radioisotope 
Calibrator. if such equipment is available in the laboratory. The 
directions accompanying the Radioisotope Calibrator should be 
followed for measurement of!'!""Tc activity. and also for checking 
for the possible prescnce of !'!'Ilo activity in the generator eluate. 

; ctivity ot' the Minitec Generator eluate may also he 
assayed by the Whole Vial Ahsay Method described below. (Note: 
The Minitec Whole Vi:d , A s u y  Kit is avail;ihle upon request only.) 
' A !'!'Tc stantlard cont:iined in ;I 5 nil volume should be used to 
establish the !*""Tc factor. A container having the same geometry 
iis the Collecting Vial should be used to contain the 5 nil !""Tc 
standard. 

The Whole Vial A s i y  Method can be performed with any 
scintillation detector used in conjunction with a pulse height 
analyzer (well-type scintillation spectroiileter or an upright scintil- 
lation probe). The Whole Vial Assuy components are: ( A )  top lid. 
(B) ring lid. (C)  shield. (D) Cobaltous Chloride Co 57 Solution 
(check source) (from 5 to 15 microcuries). ( E )  platform. and (F) 
lead hsorbers. 

The !I!IIIITc 

I .  

1 -. 
3 .  

4. 

5 .  

6 .  

7. 
8.  

Place the shield (0 on top of the well of a scintillalion spec- 
trometer: if the well aperture is too large for support. place the 
shield in the middle of  the platform ( E )  and center over the 
well. 
Set the discriminator to the 100 to 200 keV range. Record the 
background counting rate. 
lllsert a !i!iin Tc standard" in the shield (C) and cover it with ring 
lid ( B ,  and the top lid ( A ) .  
Count and record the !'!'illTc standard activity. (NOTE: If the 
count rate is too high. place lead absorbers (F) into the shield 
( C )  until an acceptable count rate is obtained. To prevent er- 
rors. the lead absorbers should then be glued to the bottom of 
the shield.) 
Replace the "'"llTc standard with the !'!''llTc sample. cover as in 
Step 3. and record the count rate of the !i!'lI'Tc sample. (NOTE: 
The volume of the standard solution and the sample solution 
must be equal ;md in a container of the same geometry.) 
Replace the shield (C) with the Cobalt 57 check source (D) and 
record count rate. I NOTE: Once the count rate of the Cobalt 57 
check source has been determined. the continued use of the 
!'!*llTc standard is unnecessary provided the count rate of the 
check source does not vary more than 2 IO percent from the 
expected count rate (after correction for radioactive decay). ] 
For subsequent assays only Steps 5 and 6 need be followed. 
Calculate the ''"'"Tc factor as follows: 
J Y ~ ~ T ~  factor = activity (millicuries) of !"'"'Tc standard 

net count rate (cpm) of sf"lTc standard 

Esmtrpk: 
activity of !'911'T~ standard = 10 millicuries 
count rate as determined in Steo 4 = 20.000 cDm 

!'!ImTc factor = IO iniliicuries = 0.0005 
20.000 cpm 

"A !'!""Tc sample cdihraed hy existing inrthds. wch as the dilution nlethod. can be 
used as the initial *~amIanI. 



= ii IC' 

Weeks Factor Week5 Factor 
1 0.982 14 0.778 
2 0.965 15 0.764 
3 0.948 16 0.750 
4 0.931 17 0.737 
5 0.914 18 0.724 
6 0.898 19 0.711 
7 0.882 20 0.698 
8 0.866 21 0.686 
9 0.851 22 0.673 

IO 0.836 23 0.661$ 
I 1  0.821 24 0.650 
12 0.806 25 0.638 
13 0.792 26 0.627 

9. The !'!""Tc tactor cStcp X t  is tiwd t o  detrrrniitc the "!""Tc ;ictr\ il! 
in 5 ml of eluate I'rom the sterile gcncrator providcd the count 

expcctcd coullt rate. Calculatc as li~llows. 

would be off (on the low side) hy appmximatcly 21, per- 
cent. ca1cul:iled as follows: 

x Io0 rate of thc Cohalt S i  chcck wircc IS within 2 IO percent of thc 0,. e m r  = True activity-Ohscrved activity 
True activity 

'""Tc, . ,I IWI! ~nvdltwncr~? inl) . *""'I". i k w  . 1x1 ~ t w n i  r : w  ~ c p m r  OI ''T, W I J I I C  169- 132 
x loo - - 

E.rott/plo: I69 
!'!'Tc factor = O.:XX)5 - 37". 

Week5 

17 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 0.505 51 0.400 
39 0.196 52 0.393 

net count rate from unknown sample = 38.000 cpln 
-Tc activity imillicunedS nil) = O.t!005 < 3R.OW = 19 millicuriud3 1111 

0.605 
0.594 
0.583 
0.573 
0.563 
0.553 
0.543 
0.533 
0.524 
0.513 

Note: If assay for !19"lTc activity indicates that the mdiocon- 
centration of the eluate requires dilution, use only Sodium 
Chloride injection USP as  dituent. 

41 
42 
43 
44 
45 
46 
17 
4 
49 
50 

COBALT 57 DECAY FACTORS 
To determine the activity of "Co for the calculation of """'Tc 
activity. multiply the assay value stated on the label of the Cobalt 
57 ("Co. T '/z = 270 days) Standard by the appropriate factor in 
Table VI. 

Factor Weeks Ghi- Factor 
0.487 
0.179 
0.470 
0.462 
0.451 
0 . 4 5  
0.438 
0.430 
0.422 
0.415 
0.407 

TEST FOR INSTRUMENT LINEARITY 
The use ~ f ! ' ~ " ' T c  generators has reaulted in the ashay of considera- 
bly larger quantities of activity (up to 1 curie of ! m T c )  than previ- 
ously encountered. I t  would appear worthwhile. therefore. to 
check the accuracy of the assay methods for these larger quantities 
of activity. This is especially important since most instruments are 
calibrated with standards containing approximately I O  millicuries 
of wmTc while the initial eluates contain up to 900 millicuries of 
wmTc. It is not unlikely that spectrometers used in the Whole Vial 
Assay procedure are not linear up to the count rates being encoun- 
tered in initial assays. and that dose calibrators standardized on the 
lower scale are not accurate on the higher scales. 

To check the assay procedures where yield problems are en- 
countered with the high activity generators. the following is rec- 
ommended: 
1. Assay the entire r!'"'T~ eluate on the first day of generator use 

by the procedure normally used. Record assay in millicuries/ 
ml . 

2. Aseptically withdraw I ml of the eluate and transfer to an 
empty Collecting Vial. Add 4 rid of water and mix thoroughly. 

3. Assay the Collecting Vial containing the eluate-water solution. 
Record assay. corrected for decay, in total millicuries present 
in the vial. 

4. If the calibration of the assay procedure is linear for the higher 
activities. the values obtained in Steps I and 3 should be identi- 
cal. If the instrument is losing counts at the higher activities. 
the value obtained in Step 3 will be higher than that obtained in 
Step 1 .  

NOTE: DO NOT USE SOLUTION PREPARED FOR 

TION. 
For cwinplr: 

LINEARITY TEST FOR PARENTERAL ADMINISTRA- 

(a) The assay value in Step I is 660 millicuries in 5 ml: there- 

(b) The assay value in Step 3 is 169 millicuries. 
(c) Assuming that the 169 millicurie value is correct. since the 

instrument was calibrated in this range of activity. the assay 

fore, the eluate contains 132 millicuries/ml. 

I f  an error of  greater than 5 percent is observed in conducting the 
;itxwe assay check. it will be necessary in routine assays to either 
assay an aliyuot o f  thc eluate that can be accurately measuwd. or 
construct a curve to correct for counting losses at higher counting 
rates. Such a curve can be constructed by assaying various aliquots 
of a high activity mi1king-e.g.. 1.9.3.4, and 5 ml-and plotting 
the activity assuyed versus the true activity (calculated for assay of 
I ml aliquot). 

DIRECTIONS FOR ASSAYING 9 9 ~ 0  ACTIVITY 
A. Whole Vial Assay Method 
I .  Determination of the !"%lo factor: 

Use the Whole Vial Assay components previously described 
and set the discriminator to the 0.6 to I .O meV range. Calculate 
the !'!'Mo factor by dividing the activity ( in  microcuries) of the 
Cc\ium Chloride (l"7Cs) Reference Standard Solution by the 
net count rate (gross cprn minus background cpm) of the 
Cesium Chloride (':'7Cs) Reference Standard Solution and mul- 
tiplying h j a  factor of4.5 to convert ""Cs activity-to equivalent 
!'!'Mo sctivity. (NOTE: The Cesiunl Chloride ("'7Cs) Reference 
Standard Solution is provided on request in a Collecting Vial 
with a total volume of 5 nil. If the Squibb Standard is not used. 
be certain that the substitute ""Cs standard is used in a con- 
tainer having the same geometry as the Collecting Vial.) 
Calculate as follows: 

' 

factor = Cesium Cs 137 activity (total microcuries) x -1.5 
net count rate of Cesium Chloride (""Cs) 

Reference Standard Solution (cpm) 

NOTE: The 9 4 0  factor remains the same for each assay if the 
instrument calibration is not altered: if there is change in calibra- 
tion. a new factor must be determined. 
1. For each assay: 

a. Place the lead shield on top of the well of a scintillation 
mectrometer: if the well aperture is too large for support. 
piace the shield in the middle of the Whole Vial Assay 
platform and center over the well. 

b. Set the discriminator to the 0.6 to 1.0 meV range. Record 
the background activity (cpm). 

c. Insert the vial containing the "'"'Tc sample into the lead 
shield ;md cover with the ring and top lids. 

d. Record the net count rate (cpm) of the !'""'Tc sample (gross 
cpm minus background cpm). 

e. Calculate the !'%lo activity as follows: 

"YMo activity = '"Mo factor (from Step I )  x net count mtc (cpm) of * m T ~  sample 

E.utttipk: 
net count rate of H9'1T~ sample 
(as determined in Step 2 d) 
!IHMo factor = 0.003 microcuriekpm 
"'Mo activity =0.003 microcuriekpm X 1700 cpm 

f. Calculate the concentration of !+*Mo per millicurie of !'!""Tc 
samplc by dividing the wMo activity (From Step 1 e)  by the 
total ! " T c  activity. 

= 1700 cpm 

= 5.1 microcuries 

€.v~/l!lp/e: 
!MMo activity (in 0.1 microcurie 
microcuries) - - 5.1 Molybdenum Mo 99 

mTc activity (in 51 per millicurie 
millicuries) Technetium Tc 99m 
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I .  

2. 

b 3. 

4. 

Hours Remaining 

-48 1.656 
-44 I .5x7 
-411 1.522 
-36  I .JVJ 
-32 I . 3 W  
-28  1.342 
--?a 1 . 3 7  
- 2 0  1.274 
-- Ih 1.183 
- I 2  1.134 

B. Alternate Method 
Place the Collectine Vial containinr the total !""'Tc eluatc in ;I 

noun Remawing Houn Remsrnir) )lours Remaining 

76 O.hX!I I 2 0  I )  2x4 20.I 11 I17 
Jo 0.h57 I24 I 1  272 ?lIX 0 I I 2  
44 l I , f 7 3 0  I?# 0.2hl 212 0 . l o X  
1 X  0.ffiU 132 0 250 2lh  11. It).) 
52 0.579 I3h O.?-I(I 220 I 1  IW 
S6 0 . 5 5 5  140 0.23l1 224 ll,Il'#5 
f A 1  0 . 5 2 2  I44 0.2211 228 II IHI 
fJ 0 5 l I  IJX 0 .211 2.32 l l l l X 7  
h X  I 1  4 W  IS2 0 . 2 0 7  236 I 1  11x4 
72 ( l . 4 f I Y  156 O.IY.4 ' 2 4 0  I I O X I I  

- .  ~~ ~ 

%-inch lead container and set this on the surl'ace o f a  wcll-t>'x 
scintillation Jelector or xcintillatiim pnhe. (The Ic;d conhiner 
is provided on request with the Ccxiuni Chloride 0'"Ch I Kefer- 
ence Standmi Solution mentioned twlow. ) 
Deterniinr the activity in the 0 . h  to I .O nieV range. Record net 
coiints per minute (cpni). 
Rcniove the vial of  !Ici'"Tc froni the lead container and replace i t  
with a Cesium Chloridtr (""Ca I Relcrcnce StcrnJard Solution. 
Dclcrmine die activily i n  the 0.6 IO 1.0 11ieV range. niaint;iin- 
ing constant geonieiry u i th previous count. Record net coui~ts 
pcr minute (cpni). (The Ccsiuin Chloride (""CS) Rclcrciicc 
Standard Solution is provided oii rcqucst in 3 Cullccting Vial 
with a total voluinr of 5 1111. If the Squibh Standard is not used, 
bc certain that the substitute ""Cs stiindard is used in a coi i -  
Iainer having the saiiie groinetry as the Collecting Vial.) 
Calculate ""Mo activily using the following fortnula: 

- 8  
- 4  
- (I" 

4 
X 
I?. 
I6 
20 
24 
28 
32 

A X B X 4.5 ""Mo activity (rnicrocuries/rnl) = 

Where: 
A 
B 
C 
4.5 = factor for converting I.':Cs aclivity to equivalent !'!'MI) 

C 

=net cpm of a!rmTc sample 
=activity (in microcuries per ml) of I:"Cs standard 
=net cpni of ""Cs standard 

acti vity 

0 IXh 
I I  179 

TABLE VI1 
Physical Decw Chart: ""MI). half-lik. hh.0 houn 

I . I I X X  
I .tu3 
I .(1OKI 
0,'JSI 
fJ.'ll') 

0.x4s 
0.81 I 
0.777 
0.745 
0.715 

n . w  

7h I1 450 
XI1 0.432 
x4 K.4 I4 

YZ 0.3XI 
Yh 0.365 

1 0 0  0.350 
IIU 0.335 
lox 0.322 
I I?. 0.308 
I16 0.2% 

nw 11.w7 

I Nl 
164 
168 
I72 
176 
1x11 
I XJ 
1 XK 
IV2 
I VI, 
2cnI 

(1 171 
0. I64 
( I .  IS7 
0 . l 5 l  
0 . l4S  
0.1.7v 
0.133 
0.128 
0.122 

244 0.077 
2JX 0.1174 
251 0.07 I 
2% 0 . 0 h X  
:MI U.Ilh5 
2 M  tr.tm2 
2hX 0.0(1(1 
272 0.057 
276 0.055 
2 x 0  I).IJ53 
2H.i 0.051 
2xn It IMV 

* Cnl i hral ion t i  me 

This generator is licensed for use by persons licensed h\ the US Nuclear 
Regulatory Commission pursuant to 5 35.14 and 9 35.100 Group 111 o f  I O  
CFR Pnn 35 or under equivalent ticrnhes of Agreement States. 

E.R. Squibb 4% Sons Inc. 
Princeton, NJ 08540 w 

Canadian License No. 7 

Printed in USA Revised January I979 J3-iXYL 
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Ident. No. 

APPLICATION FOR THE USE OF HUMANS AS EXPERIMENTAL SUBJECTS 
i /  

TO: COMMITTEE ON HUMAN STUDIES 
Oak Ridge Associated Universities and 
Oak Ridge National Laboratory 

Date: April 4, 1980 

Principal .Investigator: Karl F. Hiibner, M.D. 

Co- Inves t i gat or : Raymond L. Hayes, Ph.D. 

Title of Project: YTTERBIUM-169 CITRATE FOR THE DETECTION OF INFLAMMATORY 
LESIONS 

I. Objective of Experiment: 

The objective of this study is to determine whether 16’Yb citrate can 
bd used as an effective substitute for 67Ga citrate in the detection of 
inflammatory lesions. 
can be used to detect inflammatory rocesses during the first few hours 
after administration. Tests with 6PGa citrate normally require approxi- 
mate1 24 hrs. 
of 16%b citrate with 67Ga citrate using an experimental abscess in the 
rat. 

Of particular interest is whether 16%b citrate 

Appendix A contains an abstract summary of our comparison 

11. Methods of Procedure: 

Reactor-produced high-specif ic-activity 16’Yb chloride will be obtained 
from Union C ide Corp., Tuxedo, N.Y. Following tests for radiochemical 
purity, the @Yb will be converted to the citrate form. The resulting 
solution will then be adjusted to isotonicity and physiologic pH and 
filtered through a sterile microfilter into capped sterile evacuated vials. 
These vials will then be steam sterilized. 
vials from each batch will be tested for pyrogenicity and sterility using 
the methods prescribed by the U.S. Pharmacopeia. 
preparation, quality control and dispensing of the 169Yb citrate preparation 
will be kept in a master log book. 

The preparation (0.5 mCi 1 6 g ~ / 7 0  kg) will be injected intravenously in a 
volume of 2 m l  or less. The administered dose will contain stable ytterbium 
at a level of no more than 10 pg Yb/kg and the amount of citrate administered 
will not exceed 0.1 mg/kg. Scans will be made at 4 h and 24 h after 169Yb 
citrate administration. Following the 24 h scan the instrument scan settings 
will be changed to those for 67Ga and the patient re-scanned to obtain a 
data file for later scan subtraction. 

The contents of representative 

A l l  details of the 

The patient will then be administered 
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67Ga citrate ( 5 . 0  mCi/70 kg) and scanned for 67Ga at 4 h and 24 h 
after the administration. 
16%b contribution by computer subtraction techniques. 

These 67Ga scans will then be corrected for 

W A total of 15 ambulatory patients having chronic inflaxmatory processes 
will be studied. 
Division by consulting physicians in O a k  Ridge and the surrounding area. 

They will be referred to the Medical and Health Sciences 

111. Possible Hazards and Their Evaluation: 

1. Toxicity 

There should be no chemical hazard involved with the use of I6'Yb citrate, 
since the maximum level of stable ytterbium administered will not exceed 
10 pg/kg. 'The LD50 i.p. dose for ytterbium nitrate has been determined to 
be 250 mg/kg in the muse and 255 mg/kg in the rat. 
Sciences 54:663, 1965.) 
clinical use of 171Er and 
similar to that proposed for 

2. Radiation Dose 

(T.J. Haley, J. Pharm. 
We have had no difficulties in the past with the 

citrates using chemical levels that were 

This proposal will be submitted to the ORAU Medical Isotopes Committee on 
April 7, 1980. 
action when the committee meets April 18, 1980. Appendix B indicates the 
radiation dose estimates that have been made by 
Internal Dosimetry Information Center for both 

The Committee on Human Studies will be notified of their 

he ORAU diopharmaceutical 
and 'Ga citrates. 

IV. 
0' 

V. 

.-*: 

Radioisotopes and New Druvs: 

No new nonradioactive drugs are involved. 16'Yb citrate has been used as 
a scanning agent for tumor (K. Hisada et al., Radiolanthanides as Tumour- 
Localizing Agents in Tumor Localization with Radioactive Agents, IAEA, 
Vienna, 1976, p. lE). 

Responsibility of Principal Investigator: 

The principal investigator will follow the procedures of the Committee on 
Human Studies in obtaining "informed consert" from the subjects under study. 
The investigator recognizes that he retains the primary responsibility for 
safe-guarding the interests of the participants under study. 
changes in methods of procedure or of the development of unexpected risks 
will be immediately brought to the attention of the Committee on Human Studies. 

Any significant 

Starting Date June 1, 1980 

Signatures : Principal Investigator 

Co-Investigator 

1 0 4 9 1 3 5  
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‘cj 
DIVISION REVIEW: 

The application described above has been reviewed and approved. 

Official signing for  the institution: 

Signature 

Title: Chairman, Medical and Health Sciences Divison 

Institution: Oak Ridge Associated Universities 

Date : 



APPENDIX A 

U s e  of Yb-169 C i t r a t e  f o r  Detection of Inflammatory Lesions 

R. L. HAYES, B. L. BYRD, J. J. RAFTER, J. E. CARLTON, AND J. L. COFFEY 
Medical and Health Sciences Division, Oak Ridge Associated Universit ies*,  
Oak Ridge, TN., USA 

w 

Ga-67 citrate is now widely used f o r  t he  detection of inflammatory 
processes, p a r t i c u l a r l y  pos tsurg ica l  abscesses. We previously observed t h a t  
24 h r  a f t e r  t he  adminis t ra t ion of Yb-169 citrate,  Yb-169 showed a r e l a t i v e  
uptake i n  an experimental abscess t h a t  was  similar t o  t h a t  observed with 
Ga-67 (1). 
of Ga-67 from blood,whereas t h e  clearance of Yb-169 from blood is r ap id ,  we 
compared i n  d e t a i l  t h e  t i s s u e  d i s t r i b u t i o n  of Yb-169 with t h a t  of Ga-67 a t  
both 4 and 24 h r  i n  rats bearing experimental abscesses (produced with 
- S. aureus 6339) t o  determine whether Yb-169 c i t r a t e  might be a s u i t a b l e  sub- 
s t i t u t e  f o r  Ga-67 as an agent f o r  de tec t ing  inflammatory processes. A t  4 h r  
the  absolute  uptakes (X/g) of Yb-169 and Ga-67 i n  v i ab le  abscess t i s s u e  w e r e  
near ly  the  same, but a t  24 hr t h e  uptake of Ga-67 in t h e  abscess w a s  much 
higher than t h a t  of Yb-169. A t  4 hr ,  except f o r  the  blood, t he  t i s s u e  dis-  
t r i b u t i o n  of Yb-169 w a s  near ly  complete, while with Ga-67 t h e  d i s t r i b u t i o n  
process w a s  s t i l l  ac t ive ly  proceeding. A t  both 4 and 24 h r  kidxiey and bone 
uptakes were higher f o r  Yb-169, but with a l l  other t i s sues  Ga-67 uptakes were 
considerably higher than those of Yb-169. 

Because of t h e  bas ic  d i f fe rences  observed i n  the t i s s u e  d i s t r i b u t i o n s  of 
these two agents,  a more appropriate  method of assessing t h e i r  r e l a t i v e  worth 
i n  abscess de tec t ion  is through a comparison of abscess-to-nonabscess con- 
cent ra t ion  r a t i o s .  
of the  t i s sues  studied. 

Since the  binding of Ga-67 by plasma protein delays the  clearance 

W 

The t a b l e  below shows t h i s  type of comparison f o r  a port ion 

Abscess-to-Nonabscess Concentration Ratios Obtained with Yb-169 Citrate and 
Ga-67 Citrate i n  t h e  R a t  a t  4 and 24 h r  After Administration 

Ratio of Abscess Yb-169 Ga-67 Yb-169 Ga-67 
.-, Conc. t,o: 4 hr  4 h r  24 h r  24  hr  

Necrotic abscess 
Liver 
Spleen 
Kidney 

Muscle 
Bone 
Bone marrow 
Blood 
Skin 
Fat 

Lung 

26.0 
1.8 
2.0 
1.2 
3.0 

18.0 
0.6 
2.8 
2.5 

11.0 
30.0 

11.0 
1 .7  
1.9 
2.4 
2.1 

10.0 
2.0 
1.9 
1.3 
5.3 

17.0 

10.0 
1.7 
1.8 
1.7  
8.4 

58.0 
0.5 
3.0 

70.0 
33.0 

130.0 

27.3 
1.8 
1.8 
4.4 
8.9 

26 .O 
3.1 
2.9 

15 .0  
23.0 
120.0 

* .- 
Oak Ridge Associated Universi t ies  operates under contract  number DE-AC05- 
760R00033 with the  U. S. Department of Energy, Office of Health and 
Environmental Research. 

u 
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At- 4 h r  t he  lung, muscle, bone marrow, blood and skin r a t i o s  w e r e  <d 
s ign i f i can t ly  b e t t e r  with Yb-169, while with Ga-67 t h e  r a t i o s  were higher 
f o r  only kidney and bone, suggesting tha t  Yb-169 might be somewhat b e t t e r  
than Ga-67 f o r  de tec t ing  inflammatory processes a t  e a r l y  t i m e  periods. At 
24 hr  the  two agents were approximately equal with b e t t e r  r a t i o s  again being 
obtained f o r  kidney and bone with Ga-67 but  only the  r a t i o s  f o r  muscle and 
blood being superior  f o r  Yb-169. 
of Yb-169 and Ga-67 found in t h e  gas t ro in t e s t ina l  t r a c t  (both w a l l s  and 
contents) at  4 and 24 hr indicated t h a t  no grea t  differences ex is ted  between 
t h e  two agents with respec t  t o  t h e i r  relative uptakes i n  the experimental 
abscess and t h e  G.I. tract. One drawback t o  t h e  possible  clinical  use of 
Yb-169 citrate is t h e  long T1/2 of t h i s  radionuclide (31 d). 
rad ia t ion  doses i n  humans f o r  Yb-169 and Ga-67 have been calculated from the  
data  generated i n  t h i s  study using MIRD techniques. 
administration of 0.5 m C i  of Yb-169 citrate and compares the  predicted Yb-169 
rad ia t ion  doses with those f o r  a standard dose of Ga-67 (3.5 m C i ) ,  t h e  Yb-169 
doses fo r  var ious t i s s u e s  are between 1 and 2 t i m e s  t h a t  of Ga-67 except f o r  
t h e  kidney and bone (3 and 8 t i m e s  Ga-67, respect ively) .  Although t h e  dose 
is ra ther  high f o r  bone, t h e  estimated Yb-169 dose t o  bone marrow (including 
c r o s s f i r e  from bone) w a s  only 1.4 t i m e s  t h a t  of t h e  dose f o r  Ga-67. 

emissions, and, although i ts  T1/2 of 31 d limits the  nuclide dose that could 
be administered, that pa r t i cu la r  property i n  t u r n  would provide f o r  a long 
shelf  l i f e  f o r  t h e  agent. 
c l i n i c a l l y  f o r  de tec t ing  inflammatory les ions .  

A comparison of t h e  t i s s u e  concentrations 

Extrapolated 

I f  one assumes t h e  

Yb-169, unl ike Ga-67, can be  reactor-produced. It has su i t ab le  photon 

We conclude t h a t  Yb-169 c i t r a t e  may be usefu l  

REFERENCES 

[l] HAYES, R.L. "Tumour Localization with Radioactive Agents", IAEA, 
Vienna, Austria,  1976, pp. 29-40. 

"p. 
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.- 

Radiation Dose to Various Human Tissues From Administration of Proposed 
Maximum Doses of Yb-169 and Ga-67* 

Organ 0.5 mCi Yb-169/70 kg 5 .0  mCi Ga-67/70 kg 

Bone 13.5 2.5 
Bone marrow 3.0 3.6 
Kidneys 4.4 1.9 
Stomach 7.5 4.8 
Small intestine 5.0 4 .0  
Upper large intestine 6.0 4.0 
Lower large intestine 3.8 2.6 
Liver 4.5 5.5 
Spleen 3.4 4.5 
Lungs 1 . 5  1.9 
Ovaries 1.9 - 
Testes 1.4 1.0 
Heart 5.5 3.2 
Total body 2.6 1.3 * Estimated by ORAU Radiopharmaceutical Internal Dosimetry Information 

Rads 

Center from tissue distribution data obtained in the rat. 

1 0 4 9 1 3 9  



OAK RIDGE ASSOCIATED UNIVERSITIES 

Oak Rldge, Tennessee 

CONSENT FOR RESEARCH WAIVER FORM 

(Inflammatory Lesions) 

Patient : Age : 

Date: Time : AM/PM 

I hereby request and authorize M. D. 

to perform upon 

procedure: 

the following diagnostic 
(myself) 

(a) 
(b) 

A scan study &th ytterbium-169 citrate for detecting inflammatory lesions. 
A scan study with gallium-67 citrate for purposes of comparison. 

I have been informed that procedure (b) is a routine diagnostic procedure for the 
detection of abscesses. The (a) study with ytterbium-169 is experimental and is 
expected to show the same thing as gallium-67 but at an earlier time period. 

I also understand that the risks involved in these procedures are minimal. The 
radiation dose from the radioactive portion of these two scanning agents will be 
the same except with ytterbium the dose to the bone w i l l  be higher. . u 

I understand that these tests are part of a research program and do not object 
if any information relating to my case nay be published in professional journals 
or medical books, or used for any other purpose which my physician may deem 
proper in the interest of medical education, knowledge, or research; provided, 
however, that it is specifically understood that in any such publication or use 
I shall not be identified by name. 'IJ 

I understand further that in the event of physical injury resulting from the 
research procedures described above, only essential medical treatment is available, 
including hospitalization if required. 
is not available from either ORAU or Union Carbide Corporation/ORNL for wages lost 
because of injury, but medical treatment is provided free of charge. 

I also understand that monetary compensation 

Signed 

The foregoing consent was read, discussed, and signed in my presence, and in my 
opinion the person so signing did so freely and with full knowledge and under- 
s t and ing . 
Date : Witness : 

\c, 

1049340 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Divis ion 
Oak Ridge Associated U n i v e r s i t i e s  

PROPOSAL NO. 80 -/  PERSON SUBMITTING PROPOSAL, 

DESCRxPT1oN: 16’Yb c i t r a t e  f o r  t h e  d e t e c t i o n  of inflammatory l e s i o n s .  Administered 

Karl F. HGbner, M.D. 

dose w i l l  n o t  exceed 0.5 m C i  169Yb/70 Kg. 
t o  Committee on Human S tud ie s  is a t t ached .  

Dosimetry and a p p l i c a t i o n  

The Committee approves wi th  t h e  fo l lowing  l i m i t a t i o n s :  

Radiopharmaceutical  may- may n o t  /be adminis tered t o  p a t i e n t s  under 
18 yea r s  of age. 

Radiopharmaceutical  may- may n o t  /be adminis te red  t o  pregnant  p a t i e n t s .  

fi The Committee disapproves f o r  t h e  fo l lowing  reasons: 

MEMBER APPROVAL 

/ 
DISAPPROVAL ABSENT 

J 

DATE 



Radiation Dose to Various Human Tissues From Administration of Proposed 
Maximum Doses of Yb-169 and Ga-67* 

Organ 0.5 mCi Yb-169/70 kg 5.0 mCi Ga-67/70 kg 

Bone 13.5 2.5 
Bone marrow 3.0 3.6 

Stomach 7.5 4.8 
Small intestine 
Upper large intestine 
Lower large intestine 
Liver 
Spleen 
Lungs 
Ovaries 
Testes 
Heart 

Rads 

Kidneys 4.4 1.9 

5.0 
6.0 
3.8 
4.5 
3.4 
1.5 
1.9 
1.4 

' 5 . 5  

4.0 
4.0 
2.6 
5.5 
4.5 
1.9 

1.0 
3.2 

- 

Total body 2.6 1.3 
* Estimated by O U U  Radiopharmaceutical Internal Dosimetry Information 
Center from tissue distribution date obtained in the rat. 



Oak Ridge 
Associated 
Universities 

:+ Post Office 6ox 117 
Oak Ridge, Tennessee 37830 

Medical and 
Health Sciences 
Division 

William J. Gyarfas, M.D., Director 
Division of Oncology and Radio- 
pharmaceutical Drug Products 

Food and Drug Administration 
5600 Fishers Lane 
Rockville, MD 20857 

Dear Dr. Gyarfas: 
Ref: IND 12,459 

The following information, submitted in triplicate, constitutes an 
amendment to IND 12,459. The proposed amendment involves the resolution 
of DL-valine-l-%, the previously approved drug, by high-perf ormance 
liquid chromatography and the intravenous administration of an optically 
active form of the approved drug, L-valine-l-llC, for physiological studies 
of the pancreas and brain. 

Background 

DL-Valine-l-llC was shown in animal studies (1) to be potentially 
useful as a pancreas-imaging agent and was subsequently approved for human 
studies. 
tryptophan (IND 12,967), have shown that both agents concentrate very 
selectively in the pancreas (2); however, differential diagnosis of pan- 
creatic carcinoma has not been feasible, apparently because of similarly 
high uptakes in the pancreas and tumor. 

\cj 

Clinical trials with DL-valine-l-llC and a similar agent, I1C-DL- 

Tamemasa and co-workers (3) have found that D-amino acids are concentrated 
selective1 by tumor tissue. Therefore, it appears that the uptake of DL- 
valine-l-lh by pancreatic carcinoma may be due to the presence of D-valine- 
l-llC in the mixture. We anticipate that use of L-valine-l-llC may ovekome 
these difficulties and permit detection of pancreatic carcinoma as a defect 
rather than a "hot spot" in pancreas scans. 

In addition, DL-valine-l-''C has been shown to localize quite selectively 
in malignant gliomas, a type of brain tumor with an unusually high nutritional 
re uirement for valine ( 4 ) .  However, for truly physiological studies, L-valine- 

detection of tumors which have high amino acid requirements but also allow 
studies of L-valine metabolism in various neurological diseases, such as 
those proposed for study in this amendment. 

1- ?l C is required. Availability of this agent should not only permit better 
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Prodaction of L-valine-l-IIC 

L-Valine-l-% i s  produced by separa t ion  of t h e  two o p t i c a l  isomers of 
llC-carboxyl-labeled DL-valine by high-perf ormance l i q u i d  chromatography 
(HPLC) using a c h i r a l  mobile phase. Crude DL-valine-l-llC is  prepared as 
previously described (5, IND 12,459) with t h e  exception t h a t  measures are 
taken t o  minimize t h e  volume of t h e  r eac t ion  mixture: 
column is not  r in sed  with water; and (2) 0.5 ml of 12 N NaOH (Fisher S c i e n t i f i c  
Co., Fa i r  Lawn, N.J.) is  used i n  p lace  of 1.0 m l  of 6.25 N NaOH f o r  hydro lys is  

(1) The gas absorption 

of t h e  hydantoin. 

Beach, FL) i s  f i t t e d  with a prepara t ive  [ l o  nun ( i .d . )  x 25 c m  ( length) ]  
u l t rasphere  ODs,  5 p column (Altex S c i e n t i f i c  Inc. ,  Berkeley, CA). The 
column i s  equ i l ib ra t ed  with t h e  mobile phase I0.008 M cupr ic  acetate (Fisher 
S c i e n t i f i c  Co.), 0.017 M L-proline (Sigma Chemical Co. ,  St .  Louis, MO), and 
0.03 M sodium acetate (J. T. Baker Chemical Co., Ph i l l i p sburg ,  N.J . )  i n  
d i s t i l l e d  w a t e r  (Grand I s l and  Bio logica l  Co., Grand Is land ,  N.Y.)]. The flow 
rate is adjusted t o  7.2 ml/minute, giving a pressure  of 3600-3800 ps i .  The 
crude DL-valine-l-lIC r e a c t i o n  mixture (1.5 ml) is  neu t r a l i zed  with 500 1.11 of 
concentrated HC1 (Fisher S c i e n t i f i c  Co.), 3.2 mg cupr ic  acetate and 3.9 mg 
L-proline are added, and the  so lu t ion  is  mic ro f i l t e r ed  and loaded onto t h e  
HPLC column us ing  a 3-ml disposable  syringe. 
mixture i s  monitored using a sh ie lded  gamma probe. The f i g u r e  below shows 
the  e l u t i o n  p a t t e r n  which is t y p i c a l l y  obtained. I n  t h i s  case, a %-labeled 
L-valine sp ike  w a s  added t o  t h e  mixture t o  be separated.  The e l u t i o n  t i m e  
f o r  L-valine-l-llC corresponds very w e l l  with t h a t  of t h e  L-valine-l-I4C 
spike. 

The HPLC (LC/System Support Unit I, Laboratory Data Control, Riviera 

The e l u t i o n  of t h e  l k - l a b e l e d  

1- - -- - 
RESOLUTION OF CRUDE C-1 1-LABELED 

DL-VALINE BY HPLC 

L 
-. 

Cyanide I 
, 

. -.. C-11-Labeled 
Reaction Mixture 

\ , O t 9  t Q i r  . 0 5 10 15 20 25 30 
Time (Minutes) 
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L/ 

I 

W 

Before clinical use the copper must be removed. The L-valine-l-llC 
fraction (Q 20 ml) is acidified and 5 m l  of saturated aqueous hydrogen 
sulfide [made fresh that day by dissolving hydrogen sulfide(YG 
Gases, Somerville, N.J.) in distilled water] is added to precipitate the 
copper as cupric sulfide. The precipitate is removed by filtration using 
a coarse prefilter over a 0.22 p microfilter (Millipore Corp., Millville, 
N.J.).  

Scientific 

The final purification is by cation-exchange chromatography, as in the 
production of DL-valine-l-11C. 
washed 1.0 cm (dia.) x 15 cm (length) AG 50W-X2, 50-100 mesh, cation-exchange 
bed (Bio Rad Laboratories, Rockville Center, N.Y.) in the hydrogen form. 
Cationic L-valine-l-lk is retained while neutral and anionic materials , 
including hydrogen sulfide, pass through the column. 
with distilled water (% 30 m l ) ,  the column is finally eluted with 0.2 N NaOH, 
the process being monitored using a shielded gamma probe to minimize the 
volume of eluate containing the product (Q 15 ml). 
in a sterile bottle for transport to M&HSD, ORAU for final processing. 
radiopharmaceutical processing (neutralization, microfiltration, and Limulus 
Lysate pyrogen testing) is done as detailed in the original IND 12,459. 

The acidic filtrate is loaded onto a pre- 

After washing repeatedly 

This solution is collected 
Final 

Toxicity 

The final solution has been checked f o r  the presence of cupric and sulfide 
ions - the former by the ferric thiocyanate spot test (6) and the latter by 
means of lead acetate test strips. 
of the test, i.e., < 0.4 pg Cu/ml (< 6 pg Cu total). The sulfide level is 
negligible. 

The copper level is below the sensitivity 

The purification method, however, does not remove the L-proline which 
Assuming 20 m l  of HPLC eluate, this was present in the HPLC mobile phase. 

amounts to 39 mg of L-proline. 
human body weight and a hematocrit of 40, there is an average of 69.4 mg of 
L-proline in the blood stream of a normal 70 kg human ( 7 ) .  
39 ng of L-proline to a 70 kg human would give a level of 0.56 mg/kg. The LD50 
of intraperitoneally administered L-proline in mice is reported to be 8.06 g/kg 
( 8 ) .  

Assuming that blood comprises 7% of the total 

Administration of 

Thus we will be below the LD50 value by a-factor of 14,400. 

The presence of L-proline in the injection solution does not affectsthe 
tissue distribution of labeled L-valine, as shown in the following table (p- 4). 

Chemical toxicity from unlabeled L-valine will likewise be negligible. 
We propose to administer no more than 4 mg of L-valine per 70 kg subject. 
L-Valine is present to the extent of 2.4 (2.0-2.9) mg per 100 ml of normal 
human blood ( 7 ) .  
there is, therefore, Q 118 mg of L-valine in the blood stream of a normal 70 kg 
human. The LD50 of intraperitoneally administered L-valine in rats is reported 
as 5.38 g/kg (9). Thus we will be below the LD50 value by a factor of approxi- 
mately 95,000. 
Human Studies. 

Assuming that blood comprises 7 %  of total human body weight, 

This amendment has been approved by ORAU/OF,NL, Committee on 
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Effect of Added L-Proline on the Tissue Distribution of L-Valine-l-I4C in the 
Rat at 30 Minutes Postinjection 

Percent Administered Dose/g 
~-~aline-l-W L-Valine-l-14C (0.01 mg/kg) + 
(0.01 mg/kg) L-Proline (1 mg/ke;) Tissue 

Pancreas 10.87 5 0.47" 11.10 + 0.31 
Liver 1.11 5 0.05 
Spleen 0.84 + 0.07 0.82 T 0.03 
Kidney 0.75 3 0.05 0.76 T 0.03 
Lung 0.58 f, 0.08 0.52 T 0.03 
Muscle 0.23 + 0.02 0.23 0.01 
Marrow 1.45 3 0.04 1.42 0.04 
Blood 0.16 + 0.01 0.16 'i 0.01 
Small intestine 1.77 5 0.09 1.72 'i 0.04 
Urine 0.28 + 0.06 0.23 T 0.03 

* Mean of 5 animals - + S.E.;  normalized to body weight of 250 g. 

1.20 T 0.02 

Brain ,0.12 T 0.01 0.11 T 0.00 

Radiation Dosimetry 

Because of the short half-life of carbon-11 (20.4 minutes), the radiation 
dose to patients from L-valine-l-% will be minimal. As a guide it has been 
estimated by the ORAU Radiopharmaceutical Internal Dosimetry Information Center 
that the complete decay of 1 mCi of L-valine-l-% uniformly distributed in a 

of 0.01 rads or a total of 0.20 rads per 20 mCi (the maximum proposed administered 
dose of L-valine-l-llC). 
various organs in the human estimated from animal data. 

'U 
L - 70 kg human, assuming no excretion, would produce a whole body radiation dose 

The table below gives the expected radiation dose to 
Use of L-valine-l-llC 

was approved by the M&HSD, ORAU Medical Radionuclide 

Estimated Radiation Dose from L-Valine-l-llC to 
Tis sue Radiation Dose (rads/mCi) 
Pancreas 
Liver 
Spleen 
Kidney 
Bone marrow 
Ovary 

-. 0.19 
0.028 
0.022 
0.019 
0.021 
0.011 

. 

Testis 0.0073 * Based on 30-minute tissue distribution in male and female 
rats following intravenous administration of L-valine-l-14C 
(0.01 mg/kg) assuming no further change in distribution. 

Clinical Studies 

This amendment is being submitted for the purpose of obtaining FDA approval 
to use L-valine-l-11C in patients with different diseases or suspected diseases 
Essentially patients to be included in these clinical investigations are grouped 
in two categories: 
and patients with neurological diseases which will be mentioned subsequently. 

patients with pancreas disease, notably pancreatic cancer, 0 
1 
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Se lec t ion  cr i ter ia  and s tudy  p r o t o c o l  f o r  p a t i e n t s  w i t h  p a n c r e a t i c  d i sease .  
The a i m  of t h i s  s tudy  i s  t o  determine whether i n  man L-valine-l-l*C l o c a l i z e s  
t o  a h ighe r  degree i n  n o m 1  p a n c r e a t i c  t i s s u e  than  i n  n e o p l a s t i c  and inflam- 
matory l e s i o n s  of t h e  pancreas  ( a n c r e a t i t i s ,  p a n c r e a t i c  c y s t s ,  and benign 
tumors) and whether L-valine-l-1rC i n  conjunct ion  wi th  llC-l-aminOCyCIOpentane- 
ca rboxy l i c  a c i d  (Ilc-ACpC) o r  11C-1-aminocyclobutanecarboxylic a c i d  (llC-ACBC) 
can be used f o r  t h e  d i f f e r e n t i a l  d i a g n o s i s  of p a n c r e a t i c  d i s e a s e  by p o s i t r o n  
tomography. 

According t o  t h e  gene ra l  a i m  of t h i s  i n v e s t i g a t i o n ,  approximately 1 0  
p a t i e n t s  w i th  suspec ted  p a n c r e a t i c  carcinoma w i l l  be s t u d i e d  du r ing  the f i r s t  
year.  
and a tumor scan wi th  llC-ACPC o r  %-ACBC. I n  a d d i t i o n ,  1 0  p a t i e n t s  w i t h  
Proven p a n c r e a t i c  carcinoma undergoing chemotherapy and/or  r a d i a t i o n  the rapy  
w i l l  be examined by o s i t r o n  emission computerized tomography (PETT) us ing  
L-valine-l-llC and l&kACPC o r  llC-ACBC. 
s tud ied  t h r e e  times: before ,  du r ing  and a f t e r  t h e  f i r s t  cou r se  of  treatment 
( t h i s  s tudy  w i l l  probably t a k e  1 t o  2 y e a r s ) .  
creatic carcinoma are pa in ,  weight loss, s t e a t o r r h e a ,  j aund ice ,  and e x i s t i n g  
metastatic d i s e a s e  w i t h  suspec ted  pr imary carcinoma of pancreas .  
are expected t o  be r e f e r r e d  t o  u s  from t h e  h o s p i t a l s  of t h e  Oak Ridge-Knoxville 
area and poss ib ly  from Nashvi l le  (Vanderb i l t  Univers i ty)  . 

Each p a t i e n t  is t o  have one tomographic pancreas  scan  w i t h  L-valine-l-lk 

The latter group of p a t i e n t s  wi l l  be 

Criteria f o r  susp ic ion  of pan- 

The p a t i e n t s  

Depending on t h e  cond i t ion  of t h e  p a t i e n t s ,  some of them w i l l  be asked t o  
vo lun tee r  f o r  a b r a i n  scan  a f t e r  completion of t h e  pancreas  scan  w i t h  L-valine- 
1 -11C.  This informat ion  (L-valine d i s t r i b u t i o n  i n  normal human b r a i n )  could be  
va luab le  i n  i n t e r p r e t i n g  abnormal f i n d i n g s  expected i n  b r a i n s  of persons  w i t h  
c e r t a i n  n e u r o l o g i c a l  d i s e a s e s  t h a t  w i l l  be  d iscussed  below. 

Pro tocol lProcedures  

1. P a t i e n t s  w i l l  be  i n s t r u c t e d  t o  have no th ing  by mouth a f t e r  b r e a k f a s t  except  
water, and w i l l  be  encouraged t o  d r i n k  one milkshake 30 minutes be fo re  t h e  
L-valine-l-11C dose f o r  t h e  pancreas  scan.  

2. A series of transmission'ECAT scans  of t h e  abdomen (and head) w i l l  be done 
p r i o r  t o  t h e  i n j e c t i o n  of t h e  dose.  The pa f i en t  w i l l  be  asked t o  be q u i e t  
bu t  t o  s t a y  awake. . 

3 .  I n t r a c a t h e t e r s  w i l l  be  p laced  i n t o  a v e i n  i n  each hand and both  hands w i l l  
be  kept  i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  water ba th  (44%) dur ing  t h e  t r a n s -  
mission scans  and f o r  an a d d i t i o n a l  30 minutes a f t e r  i n j e c t i o n  of t h e  dose. 

A dose of 20 m C i  of L-valine-l- 'k i n  a volume of 1 0  t o  20 m l  phys lo log ica l  
s a l i n e  w i l l  be  i n j e c t e d  by slow push (30 t o  60 seconds) i n t o  one hand. 

4 .  

5 .  Blood samples from t h e  hand oppos i t e  t o  t h a t  i n j e c t e d  (2  m l ,  hepar in ized)  
w i l l  be drawn a t  1, 5, 10, 20 and 30 minutes  f o r  r ad ioassay .  
sample w i l l  a l s o  be used t o  determine t h e  abso lu te  L-valine concen t r a t ion  
i n  plasma by HPLC. 

The last  

6. ECAT scanning of t h e  abdomen (pancreas)  w i l l  be s t a r t e d  one minute after 
i n j e c t i o n  and c a r r i e d  o u t  f o r  30 minutes.  The rea f t e r ,  tomographic scans  
of t he  head (b ra in )  w i l l  be  made over  another  per iod of 20 t o  30 minutes.  
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The entire procedure should not exceed 2 hours. 
be asked to be examined 3 times during the course of their disease. 

Some of the patients will 

General considerations for human subjects participating in this study. 
Pregnant women and patients under 18 years of age will not be included. 
Only patients capable of giving informed consent will be accepted for 
participation. 

After initial discussion with their primary physician, the patients will 
be informed about the procedures and tests about 1 to 2 hours prior to the 
examination. The consent forms (see Attachment A) have been approved by 
the ORAU/ORNI, Committee on Human Studies. , Consent will usually be obtained 
by a physician involved in the project. 
chemical aspects with regard to the amino acids and the radiological aspects 
with regard to the %-label of the radiopharmaceuticals as well as the 
scanning procedure w i l l  always be discussed with the patient. 
will usually take place in the presence of a nurse, and the patient will be 
encouraged to ask questions and reminded that she/he can withdraw from the 
study at any time. 
record. 

The purpose of the procedure, the 

The discussion 

The signed consent forms are to be kept in the patient's 

There are no physical risks other than the radiation dose; there are no 
psychological, social or legal risks. There are no alternative methods 
for the in vivo metabolic studies proposed in this amendment. 

The activity level will be kept at 20 mCi which is less than 50X of the 
doses approved by FDA (llC-DL-valine, 11C-ACPC and 11C-ACBC) for a 70 kg 
person. 

Potential benefits include information on the extent of the disease, possible 
useful metabolic information on tumor growth for therapeutic decisions, and 
valuable data on protein synthesis in normal brain. The risk as related to 
the potential benefits is minimal. 

Selection criteria and scanning protocols for patients with non-malignant 
neurological diseases and for patients with brain tumors. 

Non-malignant neurological diseases to be studied under the amended IND 
are: post CVA hypertonia, phenylketonuria, Huntington's disease and possibly 
cerebral palsy. 
the brain or specific structures of the brain in such patients by measuring 
protein synthesis using L-valine-l-llC as a precursor. 

The principle rationale is to study the metabolic activity of 

Studies in patients with hypertonia indicate that the metabolic activity 
in the basal ganglia or vestibular nuclei changes in those patients who become 
hypertonic as a consequence of cerebral infarctions. In vivo measurement of 
metabolic activity as based on amino acid (L-valine) utilization should provide 
a better insight into the nature of the brain injury and might form the basis 
for new information needed for improved treatment of this disease. 
will be selected by Dr. Sid Gilman, Professor and Chairman of Neurology, The 
University of Michigan. 
limited to the cortical branches of the middle cerebral artery or within the 
internal capsule, w i l l  be included in the study. 

The patients 

Only patients with unilateral non-hemorrhagic disease, 
W 
1 



Dr. Gyarfas -7- 

Phenylketonuria (PKU), a metabolic disease in which abnormally high blood 
levels of phenylalanine interfere with uptake and utilization of other amino 
acids by the brain, especially the developing brain, can serve as a unique 
model for a number of human diseases in which protein metabolism of the brain 
is disturbed. This observation and rationalization forms the basis for using 
patients with PKU in this study. 
J. Allen, Professor of Pediatrics and Director of Pediatric Neurology at The 
University of Michigan. 
treated at the time o€ study. 

The patients will be selected by Dr. Richard 

The patients will be over 18 years of age and un- 

Huntington's Disease (HD) is an autosomal dominant disorder associated 

The underlying metabolic defect is poorly understood and there is 
with progressive dementia and involuntary movements, usually beginning in 
midlife. 
no predictive test that could identify asymptomatic gene carriers. This disease 
in which abnormalities of cerebral glucose metabolism have been demonstrated may 
also have an abnormal protein synthesis (especially in the caudate nucleus) that 
most likely antedate the onset of s ptoms. Positron emission computerized 
tomographic scans using L-valine-l& in patients with established HD and 
patients at risk appears to offer the opportunity to gain a better understanding 
of this disease and inspires the hope that carriers of HD may be detectable. 
The patients to be studied will be selected by Dr. Anne B. Young, Assistant 
Professor at the Department of Neurology at The University of Michigan. 

"Cerebral Palsy" a neurological disorder (100 to 600 per 100,000) which 
expresses itself in different forms and degrees of severity of disturbed motor 
function is caused prenatally, during birth or at some later time before the 
brain is fully developed. 
understood. In vivo analysis of protein synthesis using PETT and L-valine-l-IlC 
might aid to identify focal defects for possible neurosurgical intervention and 
also form the basis for possible pharmacologic intervention studies. 
disease is tentative1 included in this IND although a commitment to go ahead 
with PETT/L-valine-l-PIC studies has not been made at this time by The University 
of Michigan staff who would select and refer such patients for these clinical 
investigations. 

The accompanying metabolic abnormalities are poor1 

This 

Brain tumors, notably malignant gliomas seem to express a preference for 
some essential amino acids as has been demonstrated by in vitro analysis, and 
dietary elimination of these preferentially utilized amino acids has shown a 
favorable effect on the survival of patients with malignant gliomas. 
studies (done under the existing IND)  have confirmed high uptake of DL-valine- 
1-11~ in several glioma patients. 

PETT 

To use the natural L-form of valine as a scanning agent would be highly 
desirable for the obvious reason that the natural form would more closely 
reflect amino acid utilization and protein synthesis of neoplastic lesions in 
the brain. 
brain tumors will be selected and referred by Dr. J. Purvis, neurosurgeon 
(Knoxville), Dr. J. Robertson, neurosurgeon at LIT Memphis, and Dr. N. S. Mahaley, 
The University of North Carolina. 

For this study patients with brain tumors or strongly suspected 

Y 
1 0 1 9 1 4 9  
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Protocols IProcedures  

? 

Hypertonia (no more than  10 p a t i e n t s  are expected t o  be s t u d i e d  a t  Oak 
Ridge dur ing  t h e  f i r s t  year ) .  

1. 

2. 

3. 

4 .  

5. 

W 

6. 

7 .  

8. 

9. 

'L/ 
f 

The p a t i e n t s  will  be asked t o  remain f a s t i n g  (except f o r  water) a f t e r  
b reak fas t .  All e s s e n t i a l  medicat ions w i l l  be cont inued.  

Approximately 30 minutes p r i o r  t o  t h e  i n j e c t i o n  of L-valine-l-% a series 
of tomographic t ransmiss ion  scans  w i l l  be made t o  o b t a i n  d a t a  f o r  a t t e n u a t i o n  
c o r r e c t i o n  of the f i n a l  images. 

The eyes  of t h e  s u b j e c t s  w i l l  be  covered and a s te thoscope  headse t  w i l l  b e  
placed i n  t h e  ears. 
awake and n o t  t o  move h i s / h e r  head i f  a t  a l l  poss ib le .  

The p a t i e n t  w i l l  be i n s t r u c t e d  t o  remain q u i e t  bu t  

An i n t r a c a t h e t e r  w i l l  be  p laced  i n t o  a ve in  of each hand f o r  i n j e c t i o n  o f  
t h e  rad iopharmaceut ica l  i n  one hand (hemiplegic arm) and blood samples 
from t h e  o t h e r .  Each hand w i l l  be  kept  i n  a ''water bath" (44OC) t o  
a r t e r i a l i z e  t h e  venous blood. 
t h e  f i r s t  30 minutes  p o s t i n j e c t i o n  ( f o r  rad ioassay)  and a t  t i m e  0 and a t  
t h e  end of t h e  30-minute pe r iod  f o r  de te rmina t ion  of plasma L-valine 
concent rat i o n  by HPLC . 

Samples w i l l  be taken several t i m e s  d u r i n g  

Following t h e  t r ansmiss ion  scans t h e  p a t i e n t  w i l l  remain on t h e  scanning  
t ab le .  
and t ime-ac t iv i ty  d a t a  (counts  p e r  10 seconds) w i l l  be c o l l e c t e d  f o r  
plane 1 us ing  t h e  ECAT as a count  rate meter. 

A dose of 20 m C i  of L-valine-l-llC w i l l  be i n j e c t e d  by i.v. push,  

Blood samples (2 m l  each)  are t o  be drawn a t  time 0,  1, 5, 10, 20, 25 and 
30 minutes a f t e r  i n j e c t i o n  of t h e  dose. 

P o s i t r o n  emission computerized tomographic scans  of t h e  head w i l l  be  s t a r t e d  
30 minutes after t h e  dose. Four consecut ive  " s l i ce s" ,  each 18  mm thick w i l l  
be  obtained,  s t a r t i n g  w i t h  "plane 1" approximately 7.5 cm above t h e  OM l i n e  
wi th  subsequent s l ices  i n  a caudad d i r e c t i o n .  

Depending on remaining a c t i v i t y  and t h e  count ra te  from t h e  b r a i d h e a d ,  t h e  
same four  p l anes  of t h e  head w i l l  be  scanned a second time. The prdcedure  
should n o t  exceed 90 t o  120 minutes ,  and t h e  s tudy may be r epea ted  a t  some 
later t i m e  t o  e s t a b l i s h  " longi tudina l"  in format ion  on p r o t e i n  s y n t h e s i s  i n  
hypertonia .  

-. 

General c o n s i d e r a t i o n s  f o r  human s u b j e c t s  p a r t i c i p a t i n g  i n  t h i s  s tudy:  

Pregnant women and a t i e n t s  under 18 yea r s  of age w i l l  n o t  be  s t u d i e d .  
ECAT - L-valine-l-lPC scans  w i l l  no t  be done dur ing  t h e  a c u t e  phase of 
c e r e b r a l  i n f a r c t i o n .  
l a te r  f o r  followup information.  

The 

It is  planned t o  r e p e a t  t h e  scans  between 8 and 20 weeks 

P a t i e n t s  w i l l  be  informed about  t h e  scanning and o the r  procedures  f i r s t  by 
t h e  r e f e r r i n g  p h y s i c i a n ( s )  at The Un ive r s i ty  of Michigan, and a g a i n  w i t h i n  
2 t o  3 hours  p r i o r  t o  t h e  start of t h e  c l i n i c a l  i n v e s t i g a t i o n  w i t h  L-valine- 
1-11c. 
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The consent 3rms w i  be signed by the  pa t ien  o r  h i s / h e r  r i g h t f u l  guardian. 
A copy of t h e  general  consent form and t h e  d e t a i l e d  information is  a t tached .  
This is  t h e  e s s e n t i a l  information t o  be given t o  t h e  p a t i e n t  i n  obta in ing  

This d i scuss ion  w i l l  take place i n  t h e  presence of a 
nurse o r  a nuclear medicine technologis t ,  and the  p a t i e n t  w i l l  be  encouraged 
t o  raise questions and w i l l  be reminded t h a t  he/she may withdraw from t h e  
study at any t i m e .  
f i l e .  

informed consent". I 1  

The signed consent form i s  t o  be kept i n  t h e  p a t i e n t ' s  

There are no phys ica l  or chemical r i s k s  o ther  than t h e  r a d i a t i o n  dose from 
the  radiopharmaceutical provided the  q u a l i t y  con t ro l  s t e p s  ind ica t ed  i n  t h e  
o r i g i n a l  IND and i n  t h i s  amendment are taken. There are no psychological,  
s o c i a l  o r  l e g a l  r i s k s .  
i n  s t roke  p a t i e n t s  are no t  ava i lab le .  

A l t e rna t ive  methods t o  study i n  vivo p ro te in  s y n t h e s i s  
i 

Phenylketonuria. Only 4 p a t i e n t s  with PKU w i l l  be s tud ied  under t h i s  IND 
a t  Oak Ridge during t h e  f i r s t  year. I f  funds permit, t hese  p a t i e n t s ,  a l l  o l d e r  
than 18  years, w i l l  be examined at least twice, once while on an uncontrolled 
d i e t  and again while on a cont ro l led  d i e t ,  i .e.,  a d i e t  low i n  phenylalanine 
and supplemented with i so leuc ine .  

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8. 

The p a t i e n t s  w i l l  be kept f a s t i n g  a f t e r  a l i g h t  breakfas t  (according t o  t h e i r  
previously determined d i e t ) ,  i f  t h e  L-valine-l-llC i n j e c t i o n  is  t o  be given 
a t  around noon. Water wil l  be allowed ad l ibitum. 

Approximately 30 minutes p r i o r  t o  t h e  i n j e c t i o n  of t h e  dose, 4 transmission 
scans f o r  a t t enua t ion  co r rec t ion  purposes are t o  be performed. 

Pads w i l l  be placed over both eyes and a stethoscope headset (with sound 
con t ro l )  w i l l  be put i n t o  t h e  ears. 

The subjec t  w i l l  be i n s t r u c t e d  t o  remain qu ie t  and not t o  move f o r  t h e  rest 
of t he  examination, but t o  s t a y  awake. 

An i n t r a c a t h e t e r  w i l l  be i n s e r t e d  i n  a ve in  of each hand. Hands w i l l  be 
kept i n  a 44OC water ba th  p r i o r  t o  i n j e c t i o n  and for about 30 a d d i t i o n a l  
minutes. 
determination. 

One 2 m l  blood sample w i l l  be taken f o r  plasma phenylalanine 

A t  t he  completion of t he  transmission scans a dose of 20 m C i  of L-valine-l- 
l l C  w i l l  be i n j e c t e d  by i .v.  push i n t o  one hand. 
taken from t h e  c a t h e t e r  of t h e  o the r  hand a t  1, 5 ,  10, 20 and 25 minutes 
f o r  radioassay and a t  30 minutes f o r  phenylalanine and v a l i n e  determination 
i n  t h e  plasma. 

Blood samples  are t o  be 

Thi r ty  minutes a f t e r  t he  L-valine-1- 11 C i n j e c t i o n ,  four  PETT scans each 
with 18  mm thickness s t a r t i n g  7.5 c m  above t o  the  O.M. l i n e  w i l l  be s t a r t e d .  

Four more scans MY be obtained i f  remaining a c t i v i t y  p e r m i t s .  
scanning procedure should not exceed 90 t o  120 minutes ( inc luding  t r ans -  
mission scans).  

The e n t i r e  
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'4 
9. General cons ide ra t ions  f o r  human s u b j e c t s  inc luded  i n  t h i s  s tudy:  

Informed consent i s  ta be obta ined  from t h e  p a t i e n t ' s  p a r e n t s  o r  l e g a l  
guardians.  There are,,$nown r i s k s  from chemical t o x i c i t y  of L-valine and 
t h e  o v e r a l l  r i s k  cont inues  t o  be l i m i t e d  t o  an  accep tab ly  small r a d i a t i o n  
dose. A t  t h e  age of 18 o r  above, a PKU p a t i e n t  is n o t  a t  a d isadvantage  
when taken o f f  a c o n t r o l l e d  d i e t  f o r  a s h o r t  pe r iod  of t i m e  as suggested 
i n  th i s  s tudy.  

Huntington 's  Disease. In a p re l imina ry  s tudy ,  t h e  r a t e  of p r o t e i n  s y n t h e s i s  
i n  t h e  b r a i n  and e s p e c i a l l y  i n  t h e  b a s a l  gangl ia  w i l l  be s t u d i e d  i n  4 p a t i e n t s  
w i t h  HD dur ing  t h e  f i r s t  yea r  fo l lowing  approval  of t h i s  amendment. 
and blood sampling p r o t o c o l  i s  as fo l lows:  

The scanning  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

The p a t i e n t s  w i l l  be asked t o  remain f a s t i n g  (except  f o r  water) a f t e r  break- 
f a s t .  A l l  e s s e n t i a l  medica t ions  w i l l  be continued. 

Approximately 30 minutes p r i o r  t o  t h e  i n j e c t i o n  of  L-valine-l-"C a series 
of tomographic t ransmiss ion  scans w i l l  be made t o  o b t a i n  d a t a  f o r  a t t e n u a t i o n  
c o r r e c t i o n  of t h e  f i n a l  images. 

The eyes  of t h e  s u b j e c t s  w i l l  be  covered and a s t e thoscope  headse t  w i l l  b e  
placed i n  t h e  ears. 
awake and no t  t o  move h i s / h e r  head i f  a t  a l l  p o s s i b l e .  

The p a t i e n t  w i l l  be  i n s t r u c t e d  t o  remain q u i e t  b u t  

An i n t r a c a t h e t e r  w i l l  be p laced  i n t o  a vein of each  hand f o r  i n j e c t i o n  of 
t h e  radiopharmaceut ical  i n  one hand (hemiplegic arm) and blood samples 
from t h e  o the r .  
a r t e r i a l i z e  t h e  venous blood. 
t h e  f i r s t  30 minutes p o s t i n j e c t i o n  ( f o r  rad ioassay)  and a t  t i m e  0 and a t  
t h e  end of t h e  30-minute per iod  f o r  de te rmina t ion  of  plasma L-val ine 
concen t r a t ion  by HPLC. 

Each hand w i l l  be kep t  i n  a "water bath" (44OC) t o  
Samples w i l l  be  taken  several times d u r i n g  

Following t h e  t ransmiss ion  scans  t h e  p a t i e n t  w i l l  remain on t h e  scanning 
t a b l e .  
and t ime-ac t iv i ty  d a t a  (counts  p e r  10  seconds) will be c o l l e c t e d  f o r  
p lane  1 us ing  t h e  ECAT as a count rate m e t e r .  

A dose of 20 mCi.of L -va l ine - l - lk  w i l l  be  i n j e c t e d  by i.v. push, 

Blood samples (2 m l  each)  are t o  be drawn a t  t i m e  0, 1, 5 ,  10,  20, 25 and 
30 minutes a f t e r  i n j e c t i o n  o f  t h e  dose.  

P o s i t r o n  emission computerized tomographic scans  of  t h e  head w i l l  be s t a r t e d  
30 minutes a f t e r  t h e  dose.  Four consecut ive  "slices", each 18 mm t h i c k  w i l l  
be obta ined ,  s t a r t i n g  wi th  "plane 1" approximately 7.5 c m  above t h e  OM l i n e  
wi th  subsequent slices i n  a caudad d i r e c t i o n .  

Depending on remaining a c t i v i t y  and t h e  count rate from t h e  b ra in lhead ,  t h e  
same four  p lanes  of t h e  head w i l l  be  scanned a second t i m e .  The procedure 
should not  exceed 90 t o  120  minutes ,  and t h e  s tudy  may be repea ted  a t  some 
la ter  t i m e  t o  e s t a b l i s h  " long i tud ina l "  in format ion  on p r o t e i n  s y n t h e s i s  i n  
hypertonia .  

1 0 4 9 1 5 2  
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9. General c o n s i d e r a t i o n s  f o r  human s u b j e c t s  s e l e c t e d  f o r  t h i s  r e s e a r c h  p r o j e c t :  

Informed consent  w i l l  be obta ined  from t h e  p a t i e n t ' s  p a r e n t s  or  l e g a l  
guardians.  
be expla ined  and d iscussed .  
f o r  s u b j e c t s  who have no s i g n s  of  the d i s e a s e  but  could conceivably be 
found t o  be a carrier of HD. 
conjunct ion w i t h  g e n e t i c  advice  should,  however, outweigh t h i s  r isk.  

Cerebral Palsy.  

The r i s k  from t h e  r a d i a t i o n  a s soc ia t ed  wi th  t h e  procedure w i l l  
There may be a psychologica l  r isk,  e s p e c i a l l y  

The r e s u l t s  of psychologica l  counse l ing  i n  

As i nd ica t ed  above, o n l y  p a t i e n t s  who have l i v e d  t o  be 18  
yea r s  o r  o l d e r  w i l l  be  s e l e c t e d  f o r  PETT us ing  L-valine-l-llC. 
of a d e f i n i t e  s tudy  p ro toco l  w i l l  depend on t h e  f i n d i n g s  i n  t h e  proposed pre-  
l iminary  s tudy  which is designed t o  d e t e c t  f o c a l  a l t e r a t i o n s  of t h e  rate of  
c e r e b r a l  p r o t e i n  syn thes i s .  

The development 

Only 4 p a t i e n t s  w i l l  be  s t u d i e d  i n  Oak Ridge. 

1. P a t i e n t s  w i l l  be  kep t  on a l l  e s s e n t i a l  medicat ions.  
clear p ro te in - f r ee  l i q u i d s  fo l lowing  t h e i r  u s u a l  b reak fas t .  

They w i l l  be  k e p t  on  

2. Approximately 30 minutes p r i o r  t o  the i n j e c t i o n  of L-valine-l-llC a series 
of tomographic t r ansmiss ion  scans w i l l  be  made t o  o b t a i n  d a t a  f o r  a t t e n u a t i o n  
c o r r e c t i o n  of t h e  f i na l  images. 

3. An i n t r a c a t h e t e r  w i l l  be p laced  i n t o  a v e i n  of each hand f o r  i n j e c t i o n  o f  
t h e  rad iopharmaceut ica l  i n  one hand (hemiplegic arm) and withdrawal of blood 
samples from t h e  o the r .  Each hand w i l l  be  kept  i n  a "water bath" (44OC) t o  
a r t e r i a l i z e  t h e  venous blood. Samples w i l l  be taken  s e v e r a l  t i m e s  d u r i n g  
t h e  f i r s t  30 minutes  p o s t i n j e c t i o n  ( fo r  rad ioassay)  and a t  t i m e  0 and a t  
the  end of t h e  30-minute per iod  f o r  de te rmina t ion  of plasma L-valine con- 
c e n t r a t i o n  by HPLC. 

4. Following t h e  t ransmiss ion  scans t h e  p a t i e n t  w i l l  remain on t h e  scanning  
t ab le .  
and t ime-ac t iv i ty  d a t a  (counts  p e r  1 0  seconds) w i l l  be  c o l l e c t e d  f o r  p l a n e  1 
us ing  t h e  ECAT as a count rate meter. 

A dose of 20 m C i  of L-valine-l-llC w i l l  be  i n j e c t e d  by i .v.  push,  

5. Blood samples (2 m l  each)  w i l l  be drawn a t  t i m e  0, 1, 5,  1 0 ,  20, 25 and 30 
minutes after i n j e c t i o n  of t h e  dose. -. 

6. Pos i t ron  emiss ion  computerized tomographic scans  o f  t h e  head w i l l  be s t a r t e d  
30 minutes a f t e r  t h e  dose. Four consecut ive  llslicesl', each 18 rmn t h i c k  w i l l  
be obta ined ,  s t a r t i n g  w i t h  "plane 1" approximately 7.5 c m  above t h e  OM l i n e .  

7 .  Depending on remaining a c t i v i t y  and t h e  count rate from t h e  b r a i d h e a d ,  t h e  
same four  p l anes  of t h e  head w i l l  be  scanned a second t i m e .  The procedure  
should n o t  exceed 90 t o  120 minutes ,  and t h e  s tudy  may be repea ted  a t  some 
la ter  t i m e  t o  e s t a b l i s h  " longi tudina l"  in format ion  on p r o t e i n  s y n t h e s i s  i n  
hypertonia .  

8. General c o n s i d e r a t i o n s  f o r  human s u b j e c t s  s e l e c t e d  f o r  t h i s  s tudy:  

Pa ren t s  o r  guard ians  w i l l  have t o  g ive  informed consent.  
r i s k ,  e s p e c i a l l y  i n  view of t h e  extremely poor prognos is  of t h e s e  p a t i e n t s  
quoad vitam, has  t o  be  considered extremely low. 

The r a d i a t i o n  
U 

i It should be  mentioned 

1 0 4 9 1 5 3  
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t h a t  t h i s  study may be a-orted i f  i should b ome d i f f i c u l t  t o  keep these  
p a t i e n t s  s t i l l  dur ing  t h e  study period. 
transmission o r  emission scanning would make t h e  r e s u l t s  i n v a l i d ,  a t  least 
f o r  an  accura te  q u a n t i t a t i v e  ana lys i s .  

Brain Tumors. 

Any s i g n i f i c a n t  movement dur ing  

During t h e  f i r s t  year 5 p a t i e n t s  with b r a i n  tumors w i l l  be 
se lec ted  f o r  t h i s  test p r i o r  t o  s u r g i c a l  removal of t h e  tumor (surgery w i l l  
no t  be delayed because of t h e  ECAT s tud ie s ) .  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8.  

The p a t i e n t s  w i l l  be N.P.O. a f t e r  a l i g h t  b reak fas t .  

Tomographic transmission scans w i l l  be made s t a r t i n g  about 30 minutes 
before dose appl ica t ion .  

Subject will remain on t h e  scanning t a b l e ,  eyes w i l l  be covered and a 
stethoscope type headphone music system with volume c o n t r o l  w i l l  be put 
i n  the  ears. 
awake. 

The p a t i e n t s  w i l l  be in s t ruc t ed  t o  remain q u i e t  bu t  t o  s t a y  

I n t r a c a t h e t e r s  are t o  be placed, one i n  each hand f o r  t h e  same purpose as 
f o r  t h e  p a t i e n t s  with non-malignant neurological d i seases .  

A dose of 20 m C i  of L-valine-l-l'c w i l l  be in j ec t ed  by i.v. push when 
transmission scans are completed. 

Blood samples (2 ml each) w i l l  be drawn a t  1, 5, 10 ,  20, 25 and 30 minutes 
f o r  radioassays and plasma v a l i n e  determination. 
minutes a t ime-ac t iv i ty  curve - using t h e  ECAT a s  a count rate meter - 
w i l l  be obtained f o r  one "slice". 

During t h e  f i r s t  30 

PETT scans of t h e  head w i l l  be s t a r t e d  30 minutes a f t e r  i n j e c t i o n  of t h e  
dose. Four slices, each 18 m th ick ,  w i l l  be scanned; sl ice l e v e l  w i l l  
depend on l o c a t i o n  of t h e  tumor. 
is  l e f t  a f t e r  t h e  f i r s t  4 scans. 

Scans w i l l  be repeated i f  enough a c t i v i t y  

General cons idera t ions  f o r  human sub jec t s  s e l ec t ed  f o r  t h i s  study: 

Informed consent t o  be obtained from the  p a t i e n t s  w i l l  be based on d i s -  
cussion of t h i s  pro tocol  and t h e  po in t s  mentioned i n  t h e  a t tached  cdnsent 
form and material. 
on the  same day. 

-. 

Each p a t i e n t  w i l l  be scanned a l s o  with DL-valine-l-lk 

W e  are not aware of any chemical t o x i c i t y  from e i t h e r  t h e  DL- o r  L-form of 
va l ine  i n  t h e  amounts t o  be used i n  t h i s  proposed study. The r i s k  from 
rad ia t ion  exposure involved i n  t h e  d iagnos t ic  procedure w i l l  be discussed 
and explained. 

The da ta  ana lys i s ,  i n  a d d i t i o n  t o  image i n t e r p r e t a t i o n ,  w i l l  inc lude  a 
ca l cu la t ion  of t he  rate of p r o t e i n  synthes is  of s p e c i f i c  reg ions  of i n t e r e s t  
i n  t he  brain.  Calcu la t ions  w i l l  be based on an equation derived by Sokoloff 
et al.  The pro tocols  ou t l ined  above i n d i c a t e  t h a t  a l l  t h e  information requi rcd  
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t o  c a l c u l a t e  t h e  rate of p r o t e i n  s y n t h e s i s  can be obta ined  us ing  t h e  ECAT/L- 
va l ine- l - I lC approach. The necessary  inpu t  d a t a  are: 
blood amino a c i d  r a d i o a c t i v i t y  from t i m e  0 - 30 minutes ,  blood amino a c i d  
l e v e l  a t  t i m e  0 and a t  30 minutes,  and t h e  b r a i n  r a d i o a c t i v e  uptake a t  30 
minutes as  based on t h e  scan da ta .  

t h e  i n t e g r a l  v a l u e  f o r  

As mentioned above, a l l  of t h e  p ro toco l s  have been approved by our  
I n s t i t u t i o n a l  Review Board and t h e  ORAU Medical Radionucl ide Committee. 

P l ease  cons ider  each of t h e  a p p l i c a t i o n s  and p r o t o c o l s  f o r  approval  as 
an amendment f o r  IND 12 ,459 .  
h e s i t a t e  to c o n t a c t  me.  

I f  you need a d d i t i o n a l  in format ion ,  do n o t  

S ince re ly ,  

C. C. Lushbaugh, M.D., Chairman 
Medical and Heal th  Sciences Div i s ion  

CCL : bbc 
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MEDICAL RADIONUCLIDE COMMITTEE 
Medical and Health Sciences Division 

Oak Ridge Associated Univers i t ies  

‘d PERSON SUBMITTING PROPOSAL K. F. Hibner PROPOSAL NO. f /  1 
d 

DESCRIPTION: L-Valine-l-% i n  doses of approximately 20 m C i  and not more than 
50 m C i  w i l l  be i n j e c t e d  i . v .  f o r  t h e  purpose of studying the  rate of p ro te in  
synthes is  by Pos i t ron  Emission Computerized Tomography i n  neop las t i c  l e s i o n s  
and i n  the  b r a i n  as out l ined  i n  t h e  a t tached  amendment f o r  IND 12,459. 

a The Comnittee approves with the  following l imi t a t ions :  

Radiopharmaceutical may- may no t  y be administered t o  p a t i e n t s  under 
18 years of age. 

Radiopharmaceutical may- may n o t  be administered t o  pregnant p a t i e n t s .  

Other: 

The Committee disapproves f o r  the  following reasons: 

APPROVAL DISAPPROVAL ABSENT DATE 

L t-3.3. ;r/ 
2.- /-dt3-8/ 

-x-. ,-- 

v 1-23 -J/ 
)c ;/5 7//s/ 

A cknow l e  dg emen t of s ubmi t te r K d  T . & L a  Date 1/23/81 

w’ 
I 

Proposal does r)(k does n o t  requi re  approval of Committee on Human Studies. 

Human Studies approval granted on 

t O Q 9 l S - l  



Oak Ridge Associated Universities 
MFMORANDUM 
u 

Medical Radionuclide Committee Members 

February 2, 1981 DATE 

?Secretary - Medical 
FROM J i m  Berger , Radionucl ide Committee 

COPIES TO 

MINUTES OF MEDICAL RADIONUCLIDE COMMITTEE MEETING - JANUARY 23, 1981 SUBJECT 

A meeting of t h e  Medical Radionuclide Committee was held January 23, 1981, a t  
1:30 p.m. Members p re sen t  w e r e  D. Swartzendruber, R. Hayes, R. DuFrain, 
B. Gibbs, and J. Berger.  The purpose of t h e  meeting was t o  review 
a proposal from D r .  IC. Hubner f o r  t h e  use of L-Valine-l-IlC f o r  p o s i t r o n  
emission tomographic imaging of t h e  b r a i n  and n e o p l a s t i c  l e s i o n s .  
typing e r r o r s  i n  t h e  proposal  were pointed out .  
maximum a c t i v i t y  from 20 m i l l i c u r i e s  t o  50 m i l l i c u r i e s  w a s  made. 
The proposal w a s  approved wi th  t h e  above changes and wi th  t h e  p rov i s ions  
t h a t  p a t i e n t s  s h a l l  n o t  be under 18 yea r s  of age o r  pregnant .  
by t h e  Committee on Human S tud ie s  i s  a l s o  requi red .  
adjourned a t  approximately 1:50 p.m. 

Seve ra l  
A change (page 4) i n  

Approval 
The meeting 
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