
c 

P 

M E M O R A N D U M  

DATE: 24 March 1971 

TO : A. Harr ison 

FROM : E. P. Cronki te ,  M.D. pL L&c 
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The Committee on Clinical Investigations and Uses of Radioisotopes 

hereby approves the program with the following title: 

Studies of Iron Metabolism in Man 

CIRC # 3 has been assigned to this program. 
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Walton W. Shreeve, M.D., Ph.D., Chairman 
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Eckart Schackow, M. D. 

/ ’  

Melvin H. Van Woert, M.D. 

&fS*.Rd&- s S. Robertson, M.D., Ph.D. (ex officio) 
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FORM FOR I N I T U T I O N  OR REVIEW OF CLINICAL 

INVESTIGATIVE PROGRAMS 

(Submit original only to Department Chairman) 

A. Title of the proposal: STUDIES OF IRON METABOLISM IN MAN. 

B. Sponsoring physician(s),: E. P. Cronkite, L. M. Schiffer 

C. Responsible investigator(s): E. P. Cronkite, L. M. Schiffer 

D, Brief description of the study, including its general goals and purpose, and 

pertinent information on past studies: (Attach additional sheets if necessary.) 

Iron metabolism in man is poorly understood. The factors that control 

iron absorption, in particular, require further investigation. We plan t o  

approach these problems by investigating iron absorption in patients with 

very active erythropoiesis, no erythropoiesis, ineffective erythropoiesis 

and in normal individuals. 

of individuals where possible, and at the same time to perform iron absorp- 

tion studies before and after treatment. Ferrokinetic data will be obtained 

a s  further diagnostic and therapeutic aids. 

It is planned t o  alter the pathologic course 

(See additional sheets) 

E. Reasons why the investigation(s) are to be performed on human subjects. 

The majority of dfsease states considered do not have known animal 

parall.els. 

F. Type of patient in which the study is to be done (including approximate number 
of subjects, if known; special restrictions or requirements; method of obtain- 

ing consent; etc.): 

1. Aplastic anemia - aregenerative anemia 
2. Polycythemia vera - untreated 
3. Thalassemia minor and major 
4 .  I ron  loading diseases 
5. Normal individuals 

Oral consent will be obtained by frank discussion.with the patients. 
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G. 1. Are drugs not in tLe U. S. Pharmacopoeia (USP) or the NNR being ;Led OY con- 
templated for use? Yes X No 

2. Is an unusual use of a drug(s) accepted by the USP or NNR contemplated? 
example would be the use of an accepted drug in dosages far exceeding the 
recommended limits or for purposes distinctly different from the usual indi- 
cations cited.) Yes No X 

3 .  Are any biological products to be administered that do not bear on their con- 
tainers or labels notation of approval by the Biological Control Division of 
the National Institutes of Health? Yes No x 

(An 

. .  

4 .  Is external or-internal radiation other than accepted diagnostic or thera- 

peutic procedures to be administered? Yes X No 

5. Are any (other) unusual procedures being performed or proposed which in your 

- judgment may entail a special hazard - particularly a hazard above and beyond 
_any imposed by accepted diagnostic and theyapeutic measures for that patient? 

Yes No x 
6. Are any radioisotopes to be administered to hurpan beings? Yes X No 

a. If yes, are the radioisotopes to be used so le ly  within the limits of pro- 

cedures, specifically described in the USP? - Yes NO 
Describe the radioisotopic preparation(s):- . -  

< 

b. Or are the radioisotopes 'to .be used only in accordance with a project 

previously approved by the former Radioisotope Committee of this 

Department? YesX No 
Note the project number: H-62 

IF ANY OF QUESTIONS 1 THROUGH 5 ARE ANSWERED AFFIRMATIVELY, a detailed analysis 

of the potential hazards must be appended, including pertinent bibliographic cita- 

tions and other relevant information. 

IF QUESTION 6 IS ANSWERED AFFIRMATIVELY, a completed supplementaryform for 
Radioisotope Administration to Human Beings must be appended. However, this form 

need not be filed provided that question 6a or 6b is also answered affirmatively. A 

separate form must be submitted for each radioisotopic species to be administered. 

&e&&. 
Sponsoring Physician 

Committee on Clinical Investigations and 
Uses of Radioisotopes 

Approval recommended 1 Date I / , /  (/&.3 
Disapproval Date 

V; P. Bond, M. D. 1 1 7 0 Chairman, Medical Department 
6 / 2 5 / 6 3  

m l k  



Addi t iona l  s h e e t s  t o  -em D. 

I n v e s t i g a t o r s :  E.P. Cronki te ,  L. M. S c h i f f e r  

Research Col labora tors :  L. Wasserman, P. Re izens te in  

Experimental  Background: The f a c t o r s  t h a t  c o n t r o l  e lemental  i r o n  absorp t ion  

are s t i l l  poorly understood. 

amount and type  of d i e t a r y  i r o n  and mucosal e f f i c i e n c y  determine absorption. 

The development of i r o n  def ic iency  by phlebotomy, chronic  bleeding,  inadequate 

d i e t a r y  kron e tc ;  i s  cha rac t e r i zed  by increased  absorp t ion  of elemental  i ron .  

I n  the  normal hemopoietic s teady  s t a t e ,  t he  

: However, o t h e r  f a c t o r s  a r e  opera t ive .  In p a t i e n t s  w i th  anemic s t a t e s  o ther  

than  i r o n  de f i c i ency  t h a t  have been repea ted ly  t ransfused-  t h e  body i r o n  s t o r e s  

a re  g r e a t l y  increased  ( s i d e r o s i s ) .  

t r o l l e d  by t h e  hemoglobin l e v e l  and by t h e  body s t o r e s  of i ron .  

t r a n s f e r r i n  bea r s  no r e l a t i o n  t o  i r o n  absorp t ion  (Crosby-Blood). In o the r  

cases i t  appears  t h a t  t h e  a c t i v i t y  of t h e  marrow may c o n t r o l  i r o n  absorp t ion  

by some undisc losed  feed-back system - t h e  more a c t i v e  the  e ry th ropo ies i s ,  t he  

more i r o n  i s  absorbed. These f a c t o r s  are  amenable t o  c l i n i c a l  study. 

I n  these  cases  i r o n  absorp t ion  may be con- 

Sa tu ra t ion  of 

(a) In f luence  of hemoglobin l e v e l  upon i r o n  absorp t ion  can be determined 

i n  a p l a s t i c - a r e g e n e r a t i v e  anemias by determining absorp t ion  when very anemic 

ve r sus  abso rp t ion  a f t e r  t r ans fus ion  t o  h igh  levels and a f t e r  development of 

t r a n s f u s i o n  hemosiderosis. 

(b) In f luence  of r e l a t i v e  e ry th ropo ies i s  i n  polycythemia vera  by de te r -  

mining absorp t ion :  (1) before  therapy (2)  a g t e r  induct ion  of anemia by phlebotomy 

i n  p a t i e n t s  given Imferon(R) t o  rep lace  a l l  i r o n  l o s t  i n  phlebotomy. (3 )  I n  

anemic i r o n  d e f i c i e n t  PCV and ( 4 )  I n  polycythemic i r o n  d e f i c i e n t  p a t i e n t s  wi th  PCV. 

(c) 

(d) Study of i r o n  absorp t ion  i n  hemochromatosis, c i r r h o s i s  e tc .  

Study of i r o n  absorp t ion  i n  compensated hemolytic states.  

A l l  of t h e  preceding a r e  based upon t e s t i n g  the  absorp t ion  by using t r a c e r  

doses of e lemental  l abe led  i ron.  Of g r e a t  importance, a l s o ,  i s  t h e  determina- 

t i o n  of l abe led  i r o n  from normal f o o d s t u f f s  such as beef l iver  and muscle. 

has been obta ined  by in-vivo i n j e c t i o n  of Fe59 i n t o  a c a l f  and inges t ion  of i t s  

t i s s u e s .  

PROPOSED AND CONTINUING CLINICAL RESEARCH PROJECTS CONCERNING I R O N  METABOLISM. 

I. Aplas t i c  anemia-Aregenerative anemia. 

This  

Object ive:  Determine in f luence  of hemoglobin l e v e l  upon i r o n  absorpt ion 

i n  t h e  absence of new r e d  c e l l  production. 

. " .. 



Item D con t i .  

Design: (a) 

( f )  
P a t i e n t s  : 

- 2- PRIVACY ACT MATERIAL REMOVED 

Evaluat ion of p a t i e n t s  c l i n i c a l  s t a t e  and to l e rance  t o  

anemia i n  h o s p i t a l  environment a t  r e s t .  

Constant d i e t ,  s tandard  i r o n .  

Measure Fe59 absorp t ion  a t  a hemoglobin of 6-8 gm %. 

Transfuse t o  12-13 gm. Hgb and do repea t  absorption. 

Measure o the r  parameters of i r o n  metabolism such a s  

r e d  c e l l  Fe59 uptake 

Ery thropoie t in  as say. 

now ava i l ab le .  Approximately s i x  more p a t i e n t s  w i l l  

be s tud ied  as they a r e  found. 

11. Polycythemia Vera 

Object ive:  

Design: a )  Divide PCV p a t i e n t s  i n t o  t h r e e  ca tegor ies :  

Determine r o l e  of r e l a t i v e  r a t e  o f  e ry th ropo ies i s  upon i r o n  

absorpt ion i n  PCV i n  va r ious  s t a t e s  of  disease.  

1) No chemotherapy, no phlebotomy, nor  radiotherapy 

2)  Phlebotomy and no o t h e r  t reatment  

3 )  Phlebotomy p lus  chemo- o r  radio-therapy. 

Reevaluate p a t i e n t s  w i t h  r e spec t  t o  i r o n  s to re s .  b) 

1. 

2. 

3 .  

4 .  

5 .  

6. 

7. 

serum i r o n  and TIBC 

RBC s i z i n g  

Ret icu locytes  

i r o n  absorp t ion  

i r o n  s t a i n  i n  bone marrow 

plasma i r o n  c l ea rance  

red  c e l l  mass 

c )  They may then f a l l  i n t o  t h e  fol lowing groups. 

A - Polycythemic i r o n  r e p l e t e  

A 1  - Polycythemic i r o n  d e f i c i e n t  

B - Nonnocythedc i r o n  r e p l e t e  

B1 - Normocythemic i r o n  d e f i c i e n t  

C - Anemic i r o n  r e p l e t e  

C 1  - Anemic i r o n  d e f i c i e n t  

A l t e ra t ion  of t h e i r  i r o n  s t o r e s  and hemoglobin l e v e l s  may 
then be attempted. 

d) 

PRIVACY ACT MATERIAL REMOVED 

/ 
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P a t i e n t s :  New ones and those  whom we have been fol lowing f o r  severa l  

years .  P a t i e n t s  wi th  e ry th rocy tos i s  but  without  PCV, may 

be used as s u b j e c t s  a l s o .  To s tudy adequately t h i s  w i l l  

n e c e s s i t a t e  a t  l e a s t  s i x  p a t i e n t s  i n  each category and w i l l  

t ake  years  t o  amass t h i s  number o f  p a t i e n t s .  

111. Thalassemia 

Object ive:  Determine i r o n  absorp t ion  i n  p a t i e n t s  w i t h  T.  major and a l l  

members of t h e i r  family and at tempt  t o  c o r r e l a t e  absorpt ions 

wi th  red c e l l  product ion rates. 

both parents  and as may s i b s  as p r a c t i c a l  f o r  each T. major. 

I n  t h i s  way a r e p r e s e n t a t i v e  propor t ion  of T. minor, T. t r a i t  

can a l s o  be s tudied .  

Contact has  been made wi th  several i n s t i t u t i o n s  who have 

l a r g e  q u a n t i t i e s  of T. major p a t i e n t s  (Coney I s l a n d  Hospi ta l ,  

Alber t  E i n s t e i n  Medical Col lege) .  

It  i s  planned t o  inc lude  

Design: 

I V .  Iron-Loading Diseases 

Object ive:  With t h e  advent of Desferrioxamine (Ciba) w e  now have a new 

t o o l  w i t h  which t o  s tudy  i ron metabolism. 

a) taken o r a l l y  t h i s  drug prevents  i r o n  absorp t ion  

b) given in t ramuscular ly  o r  I V  i t  binds i r o n  and increases  

u r ina ry  exc re t ion  of t h i s  bound compound. 

Design: The design of t h i s  experiment w i l l  depend on p a t i e n t  a v a i l -  

a b i l i t y  and drug avai l a b i  li t y  . 
V. U t i l i z a t i o n  of I r o n  i n  Fe59 Labeled Foods tuf fs  

Object ive:  Foodstuff i r o n  i s  be l ieved  absorbed t o  a lesser ex ten t  than 

elemental  i ron .  P r e c i s e  d a t a  on absorp t ion  of i r o n  from 

foods tu f f s  i s  needed. Some s t u d i e s  on vegetab les ,  eggs, 

milk,  chicken, have been performed by o thers .  

A c a l f  l abe led  wi th  7 m c  of Fe5’ w a s  s laughtered  and the  

meat f rozen f o r  use. 

have been performed on normal i n d i v i d u a l s  e a t i n g  t h i s  meat 

and compared t o  t h e  absorp t ion  of e lemental  i r o n  of t he  same 

q u a n t i t y  as i n  t h e  meat. These s t u d i e s  w i l l  be extended t o  

more people and t o  appropr i a t e  p a t i e n t s  with i r o n  d e f i c i e n t  

Design: 

Prel iminary i r o n  absorp t ion  s t u d i e s  

. states  not  due t o  bleeding. 



Item D conti. . ,  
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VI. Perrokinetics 
Complete ferrokinetic data will be obtained where possible, Objective: 
on all patients with anemia of obscure etiology, and those 

with other interesting illnesses. 

1. 

2. 

3. 

4. 

5. 
6 .  

Serum iron and TIBC 
Plasma clearance of Fe59 (Fe 

52 
) 

59 
RBC uptake of Fe 

Blood volumes and RCM measurements 

Organ localization of Fe59 and Cr 
51 

All pertinent hematologic data. 



Investigators: E,P, Cronkite, L.M. Schiffer (1) 
E,P. Cronkite, L.M. Schiffer and J, Cuttner (2) 

Title: 
. 

Proposed addfendum (1) and (2) to authorization H-62 - 
Use of Fe5' in selected hospitalized patients, 

Date: February 19, 1963 

Project : H-62 

APPROVED: 
COMMITTEE ON USE OF RADIOACTIVE ISOTOPES IN PATIENTS: 

WC. bhi,ar ~ b .  
Geoee Cay Cotzias, Chayman 

&M \ % T i .  
Lewi's Schiffer, M.D. 

-~ 
E. Schackow, M.D. 

v4 
V. P. Bond, M.D., PhD 
(Ex-of f icio) 

i I, (Ex;of , . f icio) 
k. /.' 
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BROOKHAVEN NATIONAL LABORATORY 

M E M O R A N D U M  

DATE: 14 February 1963 

PRIVACY ACT MATERIAL REMOVED 
TO : Committee f o r  t h e  Use of I so topes  

i n  Humans 
FROM: 4 H P .  Cronki te ,  M. D. and L. MeSY 

Schif  f e r  
SUBJECT: Proposed addendum (1) and (2) t o  

au tho r i za t ion  H-62 - Use of Fe59 
i n  Se lec ted  Hospi ta l ized  Pa t i en t s .  

(1) I n v e s t i g a t o r s :  E. P. Cronki te ,  L. M. S c h i f f e r  

59 The o r i g i n a l  p ro toco l  of December 1959 l i s t s  3 compounds of Fe 59 
a s  a v a i l a b l e  f o r  admin i s t r a t ion  t o  p a t i e n t s ;  F e r r i c  Fe59 ch lo r ide ,  Fe 
g lobu l in  complex and Ferrous Fe59 c i t r a t e .  
compound Fer rous  Fe59 s u l f a t e  be added t o  t h e  l i s t .  
merc i a l ly  i n  t h e  same concent ra t ions  a s  Ferrous Fe59 c i t r a t e  and i n  t h e  
same s p e c i f i c  a c t i v i t y  - namely 10 m i l l i c u r i e s  p e r  mil l igram of Fe. 
same dose of r a d i a t i o n  t o  t h e  blood and whole-body can be expected as t h a t  
noted i n  t h e  o r i g i n a l  pro tocol .  The reason f o r  t h e  u s e  of Ferrous Fe59 
s u l f a t e  i n s t e a d  of Ferrous Fe59 c i t r a t e  i s  1) t h a t  t he  use  of c a r r i e r  i r o n  
f o r  absorp t ion  s t u d i e s  has been changed from f e r r o u s  c i t r a t e  t o  f e r rous  
s u l f a t e  and 2)  most i n v e s t i g a t i o n s  i n  the  f i e l d  of Fe metabolism a r e  per- 
formed wi th  Ferrous s u l f a t e  and t h i s  change would al low f o r  more comparable 
r e s u l t s .  

It i s  proposed t h a t  a fou r th  
It i s  a v a i l a b l e  com- 

The 

(2) Proposed addendum (2) t o  au tho r i za t ion  H-62: 
w i th  Thalassemia. 

Use of Fe59 i n  P a t i e n t s  

I n v e s t i g a t o r s :  E. P. Cronkite,  L. M. S c h i f f e r  and J. Cuttner .  

P a t i e n t s  wi th  Thalassemia (Major, Minor and T r a i t )  have been shown 
t o  have vary ing  degrees of de fec t s  i n  i r o n  metabolism. 
ance, and r e d  c e l l  uptake and turnover have been s tud ied  ex tens ive ly  but 
adequate s tudy  of i r o n  absorp t ion  i n  these  p a t i e n t s  i s  not  ava i l ab le .  

The plasma c l e a r -  

Inasmuch a s  many phys ic ians  t r e a t  t h e  anemia of Thalessemia wi th  i r o n  

Aside from t h e  b a s i c  d a t a  which 
p repa ra t ions ,  i t  would be c l i n i c a l l y  very  u s e f u l  t o  have informat ion  re -  
garding t h i s  parameter of i r o n  betabolism. 
may be obta ined ,  prevent ion  of o r a l  i r o n  overloading i n  p a t i e n t s  no t  need- 
i n g  the  excess  i r o n  can be achieved. The l a t t e r  information w i l l  be pa r t i cu -  
l a r l y  important  i n  the  f u t u r e  as new compounds a r e  developed t o  e i t h e r  pre-  
vent  i r o n  absorp t ion  o r  t o  inc rease  body i r o n  exc re t ion  (eg. desoxyferramine). 
It i s  proposed t o  s tudy the  family of and t h e i r  rela- 
t i o n s  a s  t h e  p i l o t  study and perhaps to  extend t h i s  t o  o t h e r  f a m i l i e s  with 

PRIVACY ACT MATERIAL REMOVED 
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t h e  d isease .  It  i s  planned t o  g ive  1 t o  5 pc t o  t h e  a d u l t  members of t h e  
group and 0.5 t o  1.0 t o  t h e  ch i ldren .  It i s  l i k e l y  t h a t  absorp t ions  w i l l  
b e  low, but c a l c u l a t i o n s  a r e  based upon complete absorpt ion.  Chi ldren a t  
t h e  age of 1 y e a r  o r  beyond w i l l  be considered a s  subjec ts .  They w i l l  each 
r ece ive  1 dose only. It i s  proposed t o  use 0.5 pc below t h e  age of 10 
and 1.0 pc above t h a t  age. 
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AGE 

1 

r 

(4) The ca- lcu la t ions  f o r  t o t a l  body dose a r e  a s  follows: 

For gamma dosage: 

= 0.0346 T C T D . 7  

where 

T = 45.1 

g = as  noted i n  t ab le .  
- 

(cm) * (cm*> 

HEIGHT RADIUS OF 
CIRCUMFERENCE 

I 

74.9 7 .59  

86.9 -8.08 

C = noted i n  t a b l e .  

3 l  

I .980 
J -. 388 1 ,776 

i .666 

.584 

.142 ' 0 .  284 

1 .170 

I *490 
73.3 1 

I 1 73.-3 I - 12.9 
! 

73 .3  15.0 1 .333 

73.3 ' 17.1 1 .292 i 
4 

i 

110 

120 

For be t a  dosage: 

R = 73.8 C T 
B B 

T '  = -45.1 

E = 0.12 

C as noted i n  tab le .  

B 

* 
+ 

Holt and Macintosh - Texbook of P e d i a t r i c s  - Average Values. 

Quimby, F e i t e l b e r g  and S i l v e r  - Radioact ive I so topes  i n  C l i n i c a l  Prac t ice .  
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Therefore  0.5 uc o r a l  dose 

y Dose ( m r )  f3 Dose (mr) T o t a l  Body Dose (mr)  -Age 

-1 - 3 6 . 4  - 1 9 . 6  5 6 . 0  

2 28 .8  15.5 4 4 . 3  

4 21.7 11.7 33.4 

10 15.8 5.67 21.5 

3 24.8 1 3 . 3  38.1 

15 10.3 3.39 13.7 

For 1.0 vc Oral dose 

Y Dose f3 Dose ARe 
1 72;9 .  39.1 

2 57.7 31LO 

3 49.5 26.6 

4 43.4 23.3 

10 31.7 11.3 

15 20.7 6.79 

T o t a l  Body Dose ( m r )  

112.0 

88.7 

76;Ll 

66.7 

43.0 

27.5 

. .  
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(B) Dosage to organs which may concentrate iron in thalessemics: 

1. Approximate organ weights at young ages: 

Age 1 Ape 3 

Spleen : 30 g. 45 g. 

Liver 330 g. 500 g. 

2. Using Bertinchamps and Cotzias nomegram for B andb; dosimetry 
(Science 1958, Vol. 128, p. 988) and assuming total dose of 

0.5 pc is concentrated in spleen or liver, then infinite dose 

of radiation using a sphere model is as follows: 

Spleen 
Liver 

ARe 1 Age 3 

5.44 rads 3.99 rads 

.71 rads .52 rads 

LS: aw 
copies to all members of the Committee 



Conunittee for t h e  U s e  of Isotopes in Humans: 

Walton 3. Shreeve ,  X. I>. , F h .  2 . ,  Chairman -, Elmer E. S t i c l r l e y ,  r2.D. 
Donald C .  Eor.5, X. D. 
Jo’m L. Saternan, b:. D. 
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59 Reques t  i s  inade f o r  t h e  a u t h o r i z a t i o n  for t h e  use  o f  Fe 

i n  t h e  form of  F e r r i c  Fe59 c h l o r i d e ,  Fe59 Globu l in  Com2lex and 

? e r r o u s  ?es9 c i t r a t e  i n  s e l e c t e d  h o s p i t a l i z e d  2 a t i e n t s .  

FeS9 has been used  s i n c e  1949 a s  a r e s e a r c h  and d i a g n o s t i c  

t o o l  i n  s t u d y i n g  p a t i e n t s  . I t  i s  a t  p r e s e n t  used  i n  many h o s p i t a l  
1 

c e n t e r s  p r i m a r i l y  a s  a d i a g o s t i c  t o o l .  The two priinary techniques  

used  have been t o  s t u d y  (1) t h e  c l e a r a n c e  r a t e  o f  f r o n  the  

plasma and ( 2 )  t 5 e  r a t e  of up take  o f  r a d i o a c t i v e  i r o n  bg t h e  

r e d  b l o o d  c e l l s .  

(1) The c l e a r a n c e  r a t e  i s  u s u a l l y  e x p r e s s e d  a s  t h e  l e n z t h  
59 of  t ime r e q u i r e d  for one-ha l f  o f  i n t r a v e n o u s l p  i n j e c t e d  Fe , 

i n  t h e  form o f  g l o b u l i n a t e ,  f e r r o u s  c i t r a t e  02 f‘e-Tic c?do-ide, 

t o  d i s a ? p e a r  from t h e  c i r c u - l a t i o n .  Normally, t h i s  h a l f - t i m e  i s  

abou t  n i n e t y  minutes  and 95 ?e r  c e n t  i s  c l e a r e d  i n  s i x  hours. 

It i s  a c c e l e r a t e d  i n  p o l y c y t h e z i a ,  t h e  l eukemias ,  hemoly t i c  

anem’ia, g e r n i c i o u s  aEernia,, the anemias of* i n f e c t i o n  and malig-  

nancy and i r o n  d e f i c i e n c y .  I t  nay r e t u r n  t o  n o m a 1  a s  t h e  b a s i c  

d i s e a s e  i s  b r o w h t  under c :>ntrol .  2 

( 2 )  The r a t e  of u2 take  of  r a d i o a c t i v e  i r o n  by t h e  r e d  b lood  

c e l l s  c2n be o 3 t a i n e d  by 5 3 5  2 a i l y  d e t e m i n a t i o n  of t h e  r a d i o -  
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( c o u n t s  p e r  minu te / cc  r e d  c e l l s )  x r e d  c e l l  volume x 100 
+ 

t o t a l  counts  of  r a d i o i r o n  i n j e c t e d  i n t r a v e n o u s l g  1 -20  days p r e v i o u s l y ,  

I n  t h e  n o r n a l  about  55 ? e r  c e n t  of  t h e  a d m i n i s t e r e d  dose i s  i n -  

c o r p o r a t e d  i n t o  e q t h r o c y t e  henny lob in  i n  1 0  days.  

markedly  d e c r e a s e d  u t i l i z a t i o n  i n  a p l a s t i c  a n e r i a  and an i n c r e a s e d  

u t i l i z a t i o n  i n  such  c o n d i t i o n s  es polycythemia  v e r a  and  i r o n  de- 

f i c i e n c y  anemia.  

c u l e t i n g  r ed  S lood  c e l l s  ove r  a 2 e r i o d  o f  15-20 days  i s  a composi te  

o f  t h r e e  i n t e r d e p e n d e n t  mechanisms o f  i r o n  metabol ism: the  serum 

i r o n  t r a n s p o r t  mechanism, the  q u a n t i t y  and m o b i l i t y  o f  t h e  i r o n  

s t o r e s ,  and t h e  r a t e  o f  fo rma t ion  of  hemoglobin by  t h e  bone narrow 

f o r  p r o d u c t i o n  of r e d  b l o o d  c e l l s  . 

There i s  a 

T5e amount o f  r a d i o a c t i v i t y  e D t e r i n 3  the c i r -  

3 

I t  i s  proposed t o  u s e  , a p a t i e n t  on F a v i l i o n  

3, as a s u b j e c t  f o r  FeS9 s t u d i e s .  

known d a i g n o s i s  o f  o s t e o s c l e r o s i s  and  a t g o g e n i c  n y e l o i d  m e t a p l a s i a .  

She h a s  a marked thronbocyto2enia  a s s o c i a t e d  with ep i sodes  o f  

s e v e r e  b l e e d i n g  p l u s  anemia wi th  a s t r o n y  hemoly t i c  coni2onent a s  

de te rmined  b y  p r e v i o u s  C r 5 1  s t u d i e s .  

t h a t  t h e  s p l e e n  i s  a a c t i v e  s i t e  of  b lood  f o r a a t i o n  i n  t h i s  

t i o n ,  i t  i s  f e l t  t h a t  i t s  r o l e  i n  b lood  d e s t r u . c t i o n  a s  d s t e m - i n e d  

by  i t s  markedly i n c r e a s e d  2r5' s e q u e s t r a t i o n  and p o s s i b l e  ? l a t e l e t  

d e s t r u c t i o n  nay G r e a t l y  overs3zdox i t s  r o l e  i n  b l o o d  p roduc t ion .  

T h i s  46 year  o l d  femele h a s  a 

Although i t  i s  r e a l i z e d  

condi- 

T h e r e f o r e ,  ~ ~ i l e n e c t o n g  i n  t h i s  p a t i e n t  i s  b e i n g  s t r o n g l y  c o r s i d e r e d .  

Ho:?'evz1?, . b e f o r e  t h i s  d e c i s i o n  i s  r e a c h e d  an e v a l u a t i o n  o f  e r y t h r o -  

2 o i s s i s  b y  means o f  ?e59 would be o f  v a l u e .  I n  2 a r t i c u l s r  i n  v ivo  

countin;:  o v e r  t h e  s ? l z e n ,  l i v e r  and. s a c r u q  (bone i: arrow) immediately 

c f t e r  a n  i . v .  dosc o f  may g i v e  u s  

r o l e  i n  0 1 2 ~ 2  forni'ation t h a t  t k e  l i T 7 e r  

- 2 -  
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i n  t h i s  p a t i e n t  a s  compared t o  th4  s g l e e n .  I n  t h e  n x i n a l ,  coun t ing  

ove r  t h e  s p l e e n ,  l i v e r  and bone marrow ( s a c r u m ) ,  t h e  f i r s t  few 

h o u r s  a f t e r  i n t r a v e n o u s  i n j e c t i o n  of ,?es9 a s  7eC1 3 u s i n g  a c a l l i -  

mated s c i n t i l l a t i o n  c r y s t a l  d e t e c t o r ,  

a c t i v i t y  r e a c h i n g  a peak w i t h i n  f o u r  hour s  ana then  f a l l i n g  o f f  

s o  t h a t  v a l u e s  o f  2 5  ? e r  c e n t  of t h e  peak v a l u e s  a r e  r eached  i n  

shows a r a p i d  r i s e  of r a d i o -  

f i v e  days and background, v a l c n s  a r e  r eached  i n  about  t e n  days .  I t  

may even  be  d e s i r a b l e  t o  r e p e a t  Cr5’ s t u d y  in con junc t ion  w i t h  

~ e 5 9  i n  e v a l u a t i n g  t h i s  p s t i e n t  . 4 
R a d i o a c t i v e  i r o n ,  ?e 59 , has  a p h y s i c a l  h a l f - l i f e  of  45.1 

d a y s ,  decaying  v:ith e m i s s i o n s  o f  b e t a  0.27 mev (46 per  c e n t ) ,  0.46 

:?l,ev (54 p e r  c e n t )  and 1.56 mev (0.3 p e r  c e n t )  and t h r e e  gamma 

58 59 emiss ion  o f  0.191,  1,098, 1.289.  It i s  p repa red  (Fe  ( 2 ,  r) Fe 

( t a r g e t  e n r i c h e d  i n  FeS8)) i n  Oak 3 i d g e  with a s p e c i f i c  a c t i v i t y  

of 2000 mc of Fes9 p e r  g of  i r o n  and  s h i p p e d  i n  1 N H C 1  i n  a 

c o n c e n t r a t i o n  o f  > 0.1  

( e x c l u s i v e  of Fe”).  

Abbott  L a b o r a t o r i e s .  

v e r y  n e a r  f u t u r s  from 

i s  p r s p a r e d  i n  e i t h e r  

5 m c / m i l l i l i t e r  . The p u r i t y  i s  >99 p e r  c e n t  - 

FeS9 i s  now commercial ly  a v a i l a b l e  from 

It w i l l  ;?robably a l s o  be a v a i l a 3 l e  i n  t h e  

th‘e phamaceu t i cz i l  f i r m s  such a s  Sqiiibb. I t  
.- iC.,. 

t h e  f o r m  of f e r r i c  c h l o r i d e ,  f e r r o u s  c i t r a t e  

o r  i r o n  g l o b u l i n  complex. The c o s t  0 f . F e ~ ~ C 1  and f e r r o u s  c i t r a t e  
3 

i s  $45 .0U/250j lc  and :$ljB.O0/5UOgc. The c o s t  o f  t h e  g l o b u l i n  

corr.plex i s  $200.00/rnc which i s  t h e  minimum shipment.  The advant -  

age o f  t h e  g l o b u l i n  cornplex i s  t h a t  i t  does  n o t  have t o  b e  r i x e d  

ait‘? t h e  p z t i e n t l s  o r  a d o n o r ’ s  p l a s c a  p r i o r  t o  a d a i n i s t r a t i o n .  

I t  i s  f e l t  j y  some txiat t h e  use  of  ?e” Zlo5uli.n ccmplex w i l l  s i v e  

no re  re2rodu.c ib le  :ma r e l i a b l e  r e s u l t s  in the ‘e59cleara-ce s t u d y  . 2 

The Abbott  ? r e p a r a t i o n s  a r e  s t e r i l e  and yyroE;en f r e e  and r e a d y  



(Fe59) will b e  checked i n  t h e  100 channel  p u l s e  h e i g h t  a n a l y z e r  

and on a l i q u o t  a s s z y e i  a g a i n s t  knollin s t a n d a r d s  i n  a s c i n t i l l a t i o n  

w e l l  c o u n t e r  p i o r  t o  a d m i n i s t r a t i o n  t 9  a p s t i e n t .  

The pro?osed 2ose of FeS9 i s  b-10 y c  t o  be a b i n i s t e r e d  

i n t r z v e n o u s l y .  ?es9,, or Fer rous  c i t r a t e  w i l l  be a d n i n i s t e r e d  

i . v .  i n  20 nl. of  t h e  p a t i e n t ’ s  o r  donor serum, a f t e r  i t  has been  

p e r m i t t e d  t o  i n c u b a t e  w i t h  t h e  serum for 7-5-30 m i n u t e s  a t  room 

3 

t empera tu re .  The amount of i ro r ,  i n j e c t e d  i s  s o  s n a l l  ( 5  Ug) t h a t  i t  

may be  c o n s i d e r e d  a t r u l y  t r a c e r  dose .  

a d m i n i s t e r e d  t o  t h e  whole-body i s  also w e l l  w i t h i n  p e r m i s s i b l e  

The amount o f  r a d i o a c t i v i t y  

l i m i t s .  i3elow i s  g i v e n  a s a x p l e  c a l c u l a t i o n  o f  t h e  t o t a l  amount 

of r e d i o a c t i v i t y  r e c e i v e d  by a 70 Kg.  man, 170 cm. t a l l .  For 

?es9 g iven  i n t r a v e n o u s l y  t h e  c r i t i c a l  o rgan  i s  cons ide red  t o  be  

t h e  b l o o d  . 6 S i n c e  Fes9 emi t s  b o t h  b e t a  and s a m a  i r r s d i c t i o n s  

and s i n c e  t h e  b l o o d  c o u r s e s  tlkrcush t h e  e n t i r e  body, i t  was f e l t  

t h a t  i r r a d i a t i o n  shou ld  be expres sed  on t h e  b a s i s  of whole body 

i r r a d i a t i o n  Secause  t h e  gamma i r r a d i a t i o n s  would c e r t a i n l y  n o t  be 

r e s t r i c t e d  t c  o n l y  t h e  blood s t reani .  The dosage used i n  t h e  

c a l c u l a t i o n s  i s  1 O p c .  The e f f e c t i v e  h a l f - l i f e  ( T )  o f  FeS9 i s  
6 27 days  . The is, i s  0.120 mev’ and is 126 f o r  a 70 K g .  man 

1 
170 cm. t a l l  3 . The saint s o u r c e  Y- rag  dose - r a t e  c o n s t s n t ;  r, I .  

cm2-r/rnc-hr. i s  6.13 7 . 
3 D + &‘:= C T (73.5 x Ep + 0.0346 x x r) P 

- - x 27 (73.5 x 0.120 + 0.0346 x 6.13 x 126) * 
= 0.137 r = 137 mr. 

n i h e  above e r p a t i o n  I s  Civetl i n  r e f s r e n c e  3, >ace  lo$. I t  Rives t h e  

a d d i t i o n  of  b e t a  axd  garma doses  exi3ressed i n  r a d s .  

1 1 1 9 4 1 9  
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59 The above c a l c u l s t i o n  o f  137 m r  f o r  one d o s e  o f  F'e 

o f  1 0  u c  i s  w e l l  w i t h i n  l i m i t s  of s a f e t y .  The maxinu-n p e r n i s s i b l e  
1 

7 t o t a l  body burden  f o r  ?'es9 i s  13 y c  . 
Although t'le e f f e c t i v e  n a l f - l i f e  o f  
0 

i s  g i v e n  a s  3 e i n g  

27 days  , i t  i s  q u i t e  p o s s i b l e  t h a t  t h i s  f i g u r e  i s  i n  error. 

h a s  Seen  w e l l  e s t s b l i s k e d  from s t u d i e s  of i r o n  metabol i sm,  t h a t  

i r o n  i s  markedly  conserved  by t h e  body and t h e r e f o r e  ve ry  l i t t l e  

i s  e x c r e t e d .  The e f f e c t i v e  h a l f - l i f e  i s  t h e r e f o r e  ? robably  c l o s e r  

t o  t h e  p h y s i c a l  h a l f - l i f e .  

t h e  whole body c o u n t e r .  

t o  r e p r e s e n t  t h e  e f f e c t i v e  h s l f - l i f e ,  t h e  dose a d m i n i s t e r e d  i n  

t h e  h y p o t h e t i c a l  c a s e  a3ove would b e  0 .229  r a d  o r  229 rn i l l i r ads .  

The q u e s t i o n  may 3s r a i s e d  as  t o  whether  or n o t  i t  i s  

a c c u r a t e  t o  c a l c u l a t e  t h e  dosage d e l i v e r e d  from t h e  b e t a  i r r a d i -  

a t i o n s  o f  Fes9 on t h e  b a s i s  of  wLiole body i r r a d i a t i o n s .  

a v e r a s e  ene rgy  o f  t h e  b e t a  i r r a a i a t i o n s  ( 5) i s  0.120 mev . 

I t  

Th i s  p o i n t  could. be checked e a s i l y  i n  

Vsin~ t h e  p h y s i c a l  h a l f - l i f e  h5.l days 

Tfie 

7 The 
7 a v e r s g e  r enge  of  t h e  emis s ions  i s  0.2 nun. . When one c o n s i d e r s  

t h e  s i z e  o f  t h e  c a p i l l a r i e s  t h o u g h  which t h e  blooci c o u r s e s ,  t h i s  

r e p r e s e n t s  i n  a s e n s e  t o t a l  body i r r a d i a t i o n .  However, i f  one 

assumes t h a t  t h e  e n t i r e  b e t a  emis s ion  i s  abso rbed  b y  t h e  blood which  
3 

59 i s  tne c r i t i c a l  orEan f o r  Fe , t h e  t o t a l  dose r e c e i v e d  by t h e  

b lood  from 1 O p c  v,roi;ld be 0.830 r a d s .  T 3 i s  dose i s  w e l l  ::.it:?in 

l i m i t s  o f .  s a f e t y .  The der ivs t , i on  of t h i s  f i F u r e  i s  z i v e n  ?)elox. 

The a v e r a 3 e  x e i c h t  o f  the  b l o o d  i s  assumed t o  b e  5400 Gn.  . 7 

= 73.8 x 10 x 0.120 x 45.1 - 
5400 

= 0.800 rad = 800 rnillirads 

- '  5 ..- 



The anount  of 5 e t a  i r r a d i s 5 i o n  d e l i v e r e d  t o  t h e  bone narrow 

i s  also o f  i n t s r e s t .  However, t h i s  will be com2ara t ive ly  q u i t e  

s m a l l  Secause  t h e  2mount of  FeS9 t aken  up by t h e  ';narrow i s  ve ry  

r a p i d l y  u t i l i z e d  i n  t h e  S r o c e s s  of  e r y t h r o p o i e s i s  and d i s c h a r e e d  

z i th  t h e  newly produced red c e l l s  i n t o  t h e  p e r i p h e r a l  b l o o d .  A s  

p o i n t e d  o u t  i n  the  beg inn ing  o f  t h e  pzper  %>prox ima te ly  85 ? e r  c e n t  

of t h e  a d m i n i s t e r e d  dose of FeS9 is i n c o r p o r a t e d  i n  e r y t h r o c y t e  

hemoglobin i n  t e n  days .  

bone marrow i s  t h e r e f o r e  about  5 days.  The t o t a l  weight  o f  t h e  

normal bone marrow i s  a2proximate ly  1500 6x11.~ 

a b s o r p t i o n  o f  t h e  b e t a  i r r a d i a t i o n  by t h e  marrow t h e  dose  d e l i v e r e d  

t o  bone marrow by 1 0  y c .  of  ;;.eS9 i n j e c t e d  i n t r a v e n o u s l y  would be 

297 m i l l i r s d s  

The e f f e c t i v e  half-life o f  ;;les9 f o r  t h e  

Assuxing com7lete 

D = 73.8 C T. PRIVACY ACT MATERIAL REMOVED B P 
= 73.8 x 10 x 0,120 x 5 

= 297 m i l l i t a d s  

- 
1500 

The above c a l c u l a t i o n  i s  a l s o  o - Je re s t ima ted  beczuse  a c e r t a i n  2 e r -  

cen tage  of  t h e  a d m i n i s t e r e d  dose i n  t h e  n o r n a l  i n d i v i d u a l  w i l l  n o t  

be  d i r e c t l y  u t i l i z e d  i n  r e d  c e l l  p;-oduction b u t  w i l l  n e r e l y  exchange 

w i t h  t h e  f i x e d  i r o n  s t o r e s .  

. T h e . i r r a d i a t i o n  d o s e  d e l i v e r e d  t o  t h e  bone marrow of  

w i l l  be  much l e s s  t han  t h a t  c a l c u l a t e d  f o r  t h e  n o m a l .  

I n  t h e  p re sence  of l a r g e  nun8ers or'  c i r c u l a t i n z  normoblas t s  and 

r s t i c u l o c y t e s ,  a s i z n i f i c a n t  Se rcen tage  o f  t he  i n i t i a l  dose will 

be t aken  up i i r e c t l y  by t h s  c i r c u l a t i n s  blood.  I n  a 2 d i t i o n  t h e r e  

w i l l  be a g r e a t e r  exchance z i t h  f i x e d  ircn s t o r e s .  

I t  i s  requesteci ,  t h e r e f o r e ,  t h a t  2er r . i s s ion  be c;::Fven t o  use 

76 59 as a d ieynn-4  , , , i c  t o o l  where i n d i c a t e d  i n  c e r t a i r .  ?-c::atolo.:icz1 

1 1  l q 4 2  I , .  
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p r o b l e n s .  As a r u l e  r e p e a t  d o s e s  w i l l  n o t  be n e c e s s a r y  j u t  t h i s  

could  b e  done because  of t h e  smal l  m o u n t  of i r r a f i i a t i o n  invo lved  

p a r t i c u l a r l y  i f  sma l l e r  doses  such  a s  2-5 p c  a r e  used  a f t e r  w a i t i n g  

a t  l e a s t  one phys ic21  h a l f - l i f e  b e f o r e  r e a e a t i n g  t h e  dose.  

%&W&/ 
Val ton i,’,7. %reeve ,  X. D . ,  Chairman 

Zlrr-er E. S t i c k l e g ,  Ph.D. 

B 

. Sa tenan ,  Id. D. 

o a q e s  S. i i obe r t son ,  X. D . ,  Ph.  D.- 
Ex O f f i c i o  

-------? Lee 2. Farr, K. D. 
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