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(deleted  version)
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Dr. William E. Felling

Executive Director

Oak Ridee Associated Universities
Post Offi{ce Box 117

Oak Ridge, Tennessee 37830

Dear Dr. Felling:
NCI GRANT NO. 5 R26 CA29490-02, DOE NO. 20-81-80

443

Reference is made to your letter of July 13, 1982, informing

us that ORAU received the subject renewal grant entitled
"C-114Amino Acids/Positron ECT for Pancreatic Studies',
from NCI in the amount of $76,376
costs for the project period July
It is understood that the work under this grant will be
performed under the direction of Dr. Karl Hubner.

glus applicable indirect
, 1982 through June 30, 1983,

The DOE approves continued performance of this research project
as work under the DOE contract through June 30, 1983, based

on DOE's programmatic interest in the reaearch.

Sincerely,

Original Signed By
W. D. Adams

illiam R. Bibb, Director
Energy Programs and Support Division

ER-111:REB

ce: C. C. Lushbaugh, QRAU
K. F. Hubner, ORAU

cc w/ORAU 1ltr, w/award:
W. P. Snyder, CC-10, ORO
M. M. Dare, PB-10, ORO (2)
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792 Oak Ridge
*“‘R Associated Post Office Box 117
5&5 Universities  Oak Ricge. Ternessee 37830  jyly 13, 1982

Dr. William R. Bibb, Acting Director
Energy Programs and Support Division
Department of Energy

Oak Ridge, Tennessee 37830

Subject: NIH RENEWAL GRANT NO. 5 R26 CA29490-02, "C-~11-AMINO ACIDS/POSITRON
ECT FOR PANCREATIC STUDIES"

Dear Dr. Bibb:

The subject renewal grant in the amount of $76,376 plus applicable
indirect costs has been awarded to ORAU by NIH. This work will continue
under the direction of Dr. Karl F. Hubner and will be carried out at the
Medical Division in DOE owned facilities.

Personnel to be assigned to this grant will be as follows:

Name Percent of Time
Karl F. Hubner 20%
William D. Gibbs 207
Lee C. Washbum 10%
Anita Forester 50%

At the close of each accounting period, ORAU will reimburse the DOE
contract account for all applicable direct and indirect costs. Your approval
is requested to continue this project as work under Contract DE-AC05-760R00033.

Sincerely yours,

i1liam E. 1lling

Executive Director
COUNTISS:psr

Enclosure

10719301 |
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ODEPARTMENT OF HEALTH AND HUMAN SERVICES

PU . HEALTH SERVICE

NOTICE OF GRANT AWARD

TYPE OF AWARD:

AUTHORIZED BY:

42 USC 241 42 CFR 52

NATIONAL ORGAN SITE PROJECT

DATE ISSUED:  JUN 14 1982

GRANT NUMBER:

5 R26 CA29490-02 SRC

TOTAL PROJECT PERIOD:

From 07/01/81 Throushog /30724

AWARDED BY:
NATIONAL CANCER INSTITUTE

Titie of Project or Area of Training

C-11-AMINO ACIDS/POSITRON ECT FOR PANCREATIC STUDIES

Grantee Institution

1 Principal Investigator/Program Director/Awardee

OAK RIDGE ASSOCIATED HUBNER, KARL F MD
UNIVERSITIES OAK RIDGE ASSOCIATED UNIV
P O BOX 117 P 0 BOX 117
OAK RIDGE, TENN 37830 OAK RIDGE, TENN 37830
APPROVED BUDGET AWARD COMPUTATION
FOR BUDGET PERIOD 07/01/82 Througn 06/30/83 1.DIRECT COSTS . . o ve e e $ 76,376
Salaries and Wages . . . .$ 35,562 2.INDIRECTCOSTS. . .. ......ovnn. $ 0
Fringe Benefits . . . . . .. 7,686 (Caicutated at rate)
Total Personnel Costs . . .. .......... $ 43,24 B TOTAL. oot e e e $ 76,376
ConsultantCosts . . .. ... ............. 3 ’ 800 4. Less Unobligated Balance From
Equipment . . . . ... ... Prior Budget Period(s) . .............. $
SUPPUIBS & . o i e 4,400
Travel-Domestic. . . .. ............... 1,700
cFOMOIGN . « v o e e 5. AMOUNT OF THIS AWARD ————— > |$§ 76,376
Patient Care - inpatient . . .. ............
-Outpatient . . . ............ 1,500 |COSTSHARING [(1) Per Instl. agreement dated 01/701/73
Alterations and Renovations . . ........... CONTRIBUTION| (2) Per Indiv. agreement, minimum
Contractual or Third Party Costs. . . ........ SUPPORT RECOMMENDED FOR REMAINDER OF PROJECT PERIOD*
OtNEr & v e vt e e e 21,728 |Budget (Tlggbggsegtugm | Stipends
Trainee Stipends . . . .. ............... 03 8u ’ 098
Trainee Tuitionand Fees . . ............. 04 NONE
Trainee Travel . . . . ... ..........c.0 ..
TOTAL DIRECT COSTS —— > |$ 76 4 37 6

When PHS Prior Approval is required for rebudgefing, submi
request 1o Grants Management Official beiow. #SQEE R éMA RKS

*Subject to availability of funds and satisfactory progress.

REMARKS:

APPLICABLE INDIRECT COSTS WILL BE PROVIDED ON A SUMMARY NOTICE.
REFER TO ADDITIONAL TERMS AND CONDITIONS OF AWARD.

#GRANTS MANAGEMENT CONTACT: MS. KATHERINE SEIKEL 2F

7 PHONE: 301 496-7933

TERMS OF ACCEPTANCE: By acceptance of funds awarded under this grant, the grantee acknowledges that it will comply with terms and conditions
in the following: (1) Legisiation cited above; (2) Regulations cited above; (3) Provisions on or attached to this award notice and signed by the
official(s) named below; (4) PHS Grants Administration Manual Chapters in effect on the beginning date of the grant Budget Period; (5) PHS Grants
Policy Statement in effect on the beginning date of the grant Budget Period; (6) 45 CFR Part 74. The above order of precedence shall prevail.

FY - Common Accounting Number |[CRS/Entity Identification No.
2=84226uY 162047681641

PHS List No./Object Ciass Code
/41,4

Document Number

(O08)RO6CA294904A

PROGRAM OFFICIAL FOR THIS GRANT

1018507

WILLIAM E. STRAILE, PH.D.
‘DIVISION OF RESOURCES, CENTERS

& COMMUNITY ACTIVITIES, NCI
301 427-8800

PHS Grants Management Official

LEO F. BUSCHER, JR.
GRANTS MANAGEMENT OFFICER
NATIONAL CANCER INSTITUTE

s- L AN ]
E';v. &Raéopies distributed to Principal Investigator, Program Director or Awardee, and Business Office.

kr



5 R26 CA 29490-02

TERMS OF AWARD

In compliance with the current Continuing Resolution, the total amount which
was recommended for this budget period has been reduced by $3,182 to a total
approved direct cost budget of §76,376.

1014303



Oak Ridge Do eece 50007
Associated Ouin v
Universities Teiembo =0 &~ v 2

April 7, 1982

Dr. William R. Bibb, Director
Research Division

Department of Energy

Oak Ridge, Tennessee 37830

Subject: RENEWAL APPLICATION FOR GRANT NO. CA 29490-02 WITH NIH,
DOE NO. 20-81-80 ENTITLED ''C-11-AMINO ACIDS/POSITRON ECT
FOR PANCREATIC STUDIES" )

Dear Dr. Bibb:

Enclosed are three copies of an application to NIH for continuation
of the subject grant. Draft copies of this proposal were forwarded to
your office on March 2% for review, and approval for formal transmittal
was given by Dr. Benson on April 5.

This project is under the direction of Dr. Karl Hiubner and will be

carried out under policies and procedures previously established between
ORAU and DOE.

We will keep you advised of NIH action on this proposal.

Sincerely yours,

RYAN:br

Enclosures

1079304 200
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SECTION |

Form Approved
OMB Na. 0925-0001

REVIEW GROUP| TYPE ACTIVITY [ GRANT NUMBER (Insers
DEPARTMENT OF on all pages)
HEALTH AND HUMAN SERVICES SeC
PUBLIC HEALTH SERVICE 5 e 26 ca Zgugo_oz
TOTAL PROJECT PERIOD
APPLICATION from: 07,/01 /81 Through: 05,30 /84
FOR CONTINUATION GRANT REQUESTED BUDGET PERIOD
from: 07,/01/82 Through: 05/30/83

To Be Verified By Applicant. Check Information in Items 1 Through 6. If Incorrect, Furnish Correct information In {tem 1],

1. TITLE

C-11-AMINOC ACIDS/POCSITRON ECT FOR PANCFEATIC STUDIES

2A. PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR
(Name and Address, Strees, City, State, Zip Code)

HT3NER, XARL P
OA¥ RYDGE ASSOCITATED UNIVEPRSIT
? 0 BOX 117

CAK RIDGT®, TENN 37830

4. APPLICANT ORGANIZATION (Name and Address, Street, City, State,
Zip Code)
OCAK RIDGE ASSOCIATED
ONIVERPSITIES
P O 30X 117
CAK RILGE,

TENN 37830

5. ENTITY IDENTIFICATION NUMBER

1620476816A1

28. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT
MZDICAL & HLTH SCIENZES DIV

2C. MAJOR SUBDIVISION
MEDICAL & HEALTH SCIENCES DIV

3. ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR
INSTITUTIONAL GRANT (See Instructions)

60 OTHER RESZAPCH ORGANIZATION

6. TITLE AND ADDRESS OF OFFICIAL IN BUSINESS OFFICE OF
APPLICANT ORGANIZATION

HEAD, OFFICE OF FISCAL SERVICES
OAK RIDGE ASSOCIATED
UNIVERSITIES

P 0 BOY 117

OAK RIDGE, TENN 37830

COMPLETE THE FOLL

OWING (See Instructions)

7. HUMAN SUBJECTS, DERIVED MATERIAL OR DATA INVOLVED
O no B0 ves 41 "YES,” form HHS 596 required)

8. RECOMBINANT DNA RESEARCH SUBJECT TO NIH GUIDELINES

R no O ves

11. INVENTIONS (See Instructions)

& no

D Y ss-not previousty reporved
D Y es-previcusly reported

TELEPHONE INFORMATION

9. PERFORMANCE SITE(S)

MEDICAL AND HEALTH SCIENCES DIVISION
OAK RIDGE ASSOCIATED UNIVERSITIES

P. 0. BOX 117

OAK RIDGE, TENNESSEE 37830

10. DIRECT COSTS REQUESTED FOR BUOGET PERIOD

$99,558

12A. PRINCIPAL INVESTIGATOR ::;. Tele. No. & Ext,
OR
PROGRAM DIRECTOR (ftem 22) | 615 576-3098
12B. NAME OF BUSINESS OFFICIAL
{Jtem 6
WILLIAM F. COUNTISS 615 576-3056
12C. NAME AND TITLE OF OFFICIAL
SIGNING FOR APPLICANT
ORGANIZATION (Item 15)
WILLIAM E. FELLING 615 576-3300
ACTING EXECUTIVE DIRE(TOR

13. USE THIS SPACE FOR CORRECTIONS TO ITEMS 1 THROUGH 6. INDICATE THE NUMBER(S) WHERE ANSWE R{S) APPLY,

2B. NUCLEAR MEDICINE DEPARTMENT

14, PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSUR-
ANCE: | Agree to accept responsibility for the scientitic conduct of
the project and to provide the required progress reports Iif g grant is

. awarded as 8 result of this application,

SIGNATURE OF PERSON NAMED IN 2A (In ink.
“Per” signature not acceprabdle)
-, —

. . 3
v, v, Yo Ml {

DATE

4/8/82

15. CERTIFICATION AND ACCEPTANCE: | certify that the sate-
ments herein are true and compiete to the dbest of my knowliedge, and
sccept the obligation to compiy with the Public Health Service terms
and conditions if a grant is awarded as the resuit of this application,
A willtully false certification is a criminal offense, (U.S. Cods, Title
18, Section 1001.)

SIGNATURE OF PERSON NAMED IN 12C (/n ink.

DATE
“Per’ signature not accepighie

4/8/82

PHS-2590-1 OPTIONAL
Rev. 1-81

PAGE 1
PETUTN COMPLETSD APPL
NO LATEPR THAN

GPO 878-738
ON AS POSSIBLE:
1982

ICATION TO PHS AS
15 APFIL
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*See page 3

l FROM : THROUGH i GRANT NUMBER
T ]
SECTION I1—BUDGET (USUALLY 12 MONTHSI | 07/01/82 06/30/82 | ~420490.02
A ITEMIZE DYRECT COSTS REQUESTED FOR NEXT BUDGET PERIQD DOL.AR AMCUNT REQUESTED (Omir cen's
PERSONNEL Apencant orgamization only: - See nstructions) TME EFFORT . ‘
, Mours per SALARY FANGE ] rgma
NAME TITLE OF POSITION ’ °;‘v:ef' ‘ BENEFITS i -
1 ] (] . - x>
Hubner, Karl F.  Procioal investigator 20 ] 10,584 . 2,597 %?’E
Washhurn, Lee C Scientist 10 4 3,787 867 ZSSSEIAS
v N N | N N N
nd 1 _Chief Scientist S 2 NO CHARGE S S
Hayes, Raymond : , S
Gibbs, William D . Scientisr 20 @ 10 6,636 1,540 AN
¢ ! ’ e
Forester, Anita . Research Associate 100 i 40 14,5551 2,682 IS
| ! A
oA
1 A
1 ==
A
AT
N AN AN A
S
A
A
XA
I A A
SUBTOTALS 35,562 | 7,686 AT A
{indicate cost of each item iisted below) TOTAL
43,248
CONSULTANT COSTS (See mstrucions) Paul King, Ph.D.,Assoc.Professor,Bioengineering,Vanderbilt
University; George Avant, Chief,Div.of Gastroenterology,Vanderbilt;R.I.Collmann
M.D. ,Gastroenterology,Knoxville,TN;A.P.Callahan,NMIG,0ak Ridge National Lab. 3,800
EQUIPMENT (/temize) m
IN A
AT A
ST
S~
N e e
AT
PN NN
S
NS
0
SUPPLIES (itemize by category N
N N
- Computer Discs 1,700 S
. N e N
Photographic and Patient Supplies 1,200 S
PN NN
Chemicals & Chromatographic Supplies 1,000 IS
N AN AN
Glassware 500 “ s
4,400
|DOMESTIC  consultant Travel (4 trips to Qak Ridge by King) 700
TRAVEL FOREIGN
INPATIENT
PATIENT CARE COSTS QUTPATENT 3 - T1o5) 1 500
ALTERATIONS AND RENOVATIONS /itemuze Dy category)
0
couﬂ&cwu See
TMIRD PARTY instructions)
CoSTS
OTHER EXPENSES (l/termize by category)
Cyclotron time, 38 runs @ $1,050 ea.: 39,900 (contains $20,000 carryover
from CA29490-01)
ECAT Maintenance & Repairs 4,510
Publication Costs 500 44,910
TOTAL DIRECT COST (Enter on Page 1 item 10) $99, 558%
INDIRECT — S Date of DHHS Agreement . Not Requested
cost 60.5  « 710 11/10/81 Provisional ™) Under negotiaion with
{See mnstryctions) i tus 1§ 3 speciai rate (e g off-site}. explan
PAGE 2
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SECTION 1) (Continved)

Grant Number

SECTION 1I—BUDGET (Continued) | CA 29490-02

B Supoemental miormation regaroing ITEMS in the Droposed budget 'or he next penog which require expilanation or yustfication (See instructions)

*The proposed budget of $99,558 for the period 07/01/82 - 06/30/83 includes a request
to carryover $20,000 from CA29490-01 to CA29490-02. We expect to underrun the current
budget year by this amount because of the extended downtime at the Oak Ridge National
Laboratory's 86" cyclotron. Extensive repair and modification of the cyclotron was
begun on June 2, 1981l. This work was delayed by an eight-week strike at Union Carbide,
plus other mechanical problems which kept the cyclotron out of production until
January 6, 1982. The cyclotron was operational at approximately 50% of its normal
output capability between January 6 and February 12, 1982. During this time three
cyclotron runs were made for this project, primarily for developmental work on the
production of llc-1abeled L-valine, llC-labeled L-tryptophan and clinical studies.

Included in the modification of the cyclotron was the installation of an automatic
target changer which should result in more beam time for radionuclide production.
With this capability, we are planning additional runs during the second year of this

project in order to achieve our established goals. The $20,000 carryover would be used
for this purpose.

TRAVEL

We plan to use the $1,700 requested for travel funds to enable Dr. Paul King to
travel to Oak Ridge from Vanderbilt University, Nashville, TN four times during
the year to spend five days each trip working on modifications to the ECAT scanner

and consulting on this project. His cost per trip would be approximately as
follows:

$ 75.00 Transportation
200.00 Hotel

150.00 Per diem
$425.00 TOTAL

CONSULTANT COSTS

Dr. Paul King's personal service agreement calls for $150.00 fee per day. We
are projecting 20 days of effort by Dr. King during the budget period. ($3,000.)

The balance of the amount budgeted for consulting costs will be used for
consultation with Dr. I. R. Collmann of the University of Tennessee Memorial
Research Center and Hospital, Knoxville, Tennessee, and G. Avant, Vanderbilt
University Hospital, Nashville, Tennessee on the clinical protocols to be
followed and the interpretation of the clinical data. ($800.00.)

PHS-2590-1 ) PAGE 3
(Rev 9/80)



SECTON W

SECTION III—DATA FOR FROM THROUGH GRART NUMBER
CURRENT BUDGET PERIOD 07/01/81 06/30/82 CA29490-01
fUSUALLY 12 MONTHS)

The following pertains to your CURRENT PHS budget Do not include cost SRaNng funds  This information «n COMUNCION wih that providec on Page 2 will be used in determining the 3= ..~
of support for the NEXT budget penod

ACTUAL EXPENDITURES ESTIMATED ADDITIONAL
CURRENT THRU EXPENDITURES AND TOTAL ESTIMATED ESTIMATEC
. BUDGET OBLIGATIONS FOR EXPENDITURES AND | UNOBLIGATED BA ANS
A BUDGE (As approved by REMAINDER OF OBLIGATIONS (Subtract Col 4 *3=
awaraing unt) 02/28/82 CURRENT BUDGET Col 2 pius Col 3) Col 1)
{insert Date) PERIOD
M @ 3) * (5)
2
TOTAL DIRECT COSTS 75,250 21,768 33,482 55,250 20,00015
INDIRECT COSTS (As Provided) 45,526 2 13,170 20,257 33,426
TOTALS | $120,776 $ 34,938 ' 53,739 I 88,676 $

B8 THROUGH F

See NStTUCNIONS and provide the information raquired 1 items B through F Use this page and continudbon Dages s necessary

B. Professional Personnel
Name Title Category Lless than 257 26-50% 51-75% More than 75%
Karl HUbner Chief Clinician 2 *
Lee Washburn Scientist 2 *
Raymond Hayes Chief Scient. 2 X
William D. Gibbs,Scientist 2 *
Anita Forester,Research Assoc.2 *
C. Equipment. None.
D. Travel. None. See "E" below.
E. Explanation of Column 5. See complete explanation for cause of unexpended funds
on Page 3. Because of the cyclotron downtime, no funds were used in the Travel,
Consultants, or Patient Cost categories. In addition, cyclotron costs and
supplies were also curtailed by this problem. These funds make up the $20,000
underrun for this budget year.
F. Other Support.
Karl Hubner, M.D., Lee Washburn, Ph.D., and Raymond Hayes, Ph.D., and William
Gibbs are supported in part under Department of Energy Contract DE-AC05-760R00033,
"Preclinical Development of Radiopharmaceuticals", $438,000; "Clinical Development
of Radiopharmaceuticals", $222,000; "Radiation Emergency Assistance Center/Training
Site (REAC/TS)", §1,108.00.

/1 As provided through the NIH Indirect Cost Management System.

/2 Request for carryover of these funds is detailed omn page 3.

PHS-2580-1 PAGE 4  (Use Conbnuabion Pages as necessary)

{Rev 9/80)

' 0 'I q 3 U 8 SUS. GOVEMMMENT PRINTING OFFICE: 1980  333-438 1.3



SECTION ¥

APPLICANT REPEAT GAANT NUMBER SHOWN ON PAGE ° i GRANT NUMBER

SECTION IV—_SUMMARY PROGRESS REPORT '

. CA _29490-01

PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR (Last Fust nmiban

Hubner

PERICD COVEIED BY THIS REPORT

R THR K
Xarl F. oM QUG

NAME OF ORGANIZATION

QOak Ridge Associated Universities ‘ 07/01/81

06/30/82

TITLE (Repeat utle shown in item * on hrst page)

C-11-Amino Acids/Positron ECT for Pancreatic Studies

1 List 3l publications. not previously reported resuiting trom work suoponted By this grant {authoris) titie Dage numbers year .ournal of DODK) L $t M3nusSCripls separately as subm™ <2<
tor pubhcation or accepted for pubication

2 Prowde two reprints of pubhcations not previpusly submified 10 the awaraing unit
3 Progress Report {See nstructions)

1.

The first two publications listed below resulted from work started between sub-
mission of the application of this grant and the starf of the first funding

period.

This was also indicated in the second paragraph of the investigators'

response to the critique in the resubmitted proposal in October, 1980.

1.1

1.2

1.3

Resolution of C-ll~-DL-valine by high-performance liquid chromatography.
L. C. Washburn, T. T. Sun, B, L. Byrd, and A. P. Callahan.
J. Nucl. Med. 22:74, 1981. (abstract)

Production of L—[l-11C]va11ne by HPLC Resolution.

L. C. Washburn, T. T. Sun, B. L. Byrd, and A. P. Callahan.
J. Nucl., Med. 23:29-33, 1982,

Positron Emission Tomography (PET).
K. F. Hubner and E. Buonocore.

In Alimentary Tract Radiology, 3rd Edition, The C. V. Mosby Co., St. Louis,
MO. (In press, 1982)

Two copies of two reprints and two preprints of the publications listed under 1
above are attached.

Progress has been made in three areas of the project.

3.1

3.2

We have continued to investigate a high-performance liquid chromatographic
(HPLC) method for resolution of 1lC-labeled amino acid racemates. This
technique uses a commercial reverse-phase HPLC column and a chiral mobile
phase containing L-proline and cupric acetate. Resolution of 11C-DL-valine
and llC-DL-tryptophan by HPLC has been scaled up to a preparative level. IND
approvals for clinical studies of 1lC-L-valine and 11C-L-tryptophan (copies
of original IND and the amendment dated November 3, 1981 are attached) have
been obtained from the FDA. llC-L-tryptophan has not yet been applied
clinically, but it should be the agent of choice for pancreatic imaging, and
in conjunction with llC-aminocyclopentanecarboxylic acid (11C-ACPC) or lic.
aminocyclobutane carboxylic acid (11C-ACBC) may provide a means for the
complete differential diagnosis of pancreatic carcinoma.

Production of clinically useful quantities of 1ll¢c-L-valine has been accom-
plished 12 times. A comparative study using llC-L-valine and 1lc-pL-valine
in one patient with mild recurring pancreatitis during "remission" showed a
significant difference between lL-valine uptake (1.6681 ug/g) and DL-valine
(0.635 ug/g,) a ratio of 2.6. This result was antici

Eated, at least as
compared to data in mice, and reaffirms the need for ‘lC-L-valine for physio-
logical in vivo studies of pancreatic function, since the D- and L-forms are

handled biochemically in entirely different ways.

PHS-2590-1
{Rev. 9/80)

U ,‘ q 3 U q PAGE 5 (Use Continuation Page as necessary)



CA 29490-01

CONTINUATION SHEET

3.3 Essential to useful applications of positron tomography in clinical

investigations are adequate computer programs for image data cor-
rection and quantitative image analysis. Progress in this area of
this project consisted in rewriting and adapting the original ECAT
programs and software to make them compatible with the ECAT-1I system
which was acquired and installed in December, 1981 (completion date).
These programs are body outline calculation, a noise removal program,
reading four images to common background, expansion of rectilinear
scans, and listing of sort files. In addition, a program was developed
to transfer patient data acquired on the original ECAT scanner.

Page 6

10719310



Associated -
Universities [

Oak Ridge AR

March 25, 1982

Dr. William R. Bibb, Director
Research Division

Department of Energy

Oak Ridge, Tennessee 37830

Subject: DRAFT APPLICATION FOR CONTINUATION SUPPORT OF A GRANT ENTITLED
"C-11-AMINO ACIDS/POSITRON ECT FOR PANCREATIC STUDIES",
NIH 5 R 26 CA29490-02, DOE NO. 20-81-80

Dear Dr. Bibb:

Enclosed are three draft copies of a request for continuation of the
subject grant. Dr. Karl HUbner is the principal investigator for this

project, and this effort was most recently approved in your letter of
July 22, 1981.

You will note on budget page 4 that we project a probable $20,000
underrun for the current grant period. This underrun was caused by the
prolonged downtime of the 86" cyclotron at ORNL for repair and modification,
This work was delayed by the eight-week strike, and resulted in the cyclo-
tron being unavailable for this project until January. It is still not
operating at full capacity. Included in the modifications was the installa-
tion of an automatic target changer which should eventually provide more
beam time for radionuclide production. We have discussed this situation
with NIH and have been advised to request a carryover of $20,000 into the
second year of this grant. These funds would be used for additional
cyclotron runs in the period 7/1/82 - 6/30/83.

NIH has requested that we submit this proposal earlier than the regular
application date because special arrangements have been made for handling
continuation grants for cancer research. We must forward the formal appli-
cation to NIH prior to April 15. Should you have any questions during your
review of this proposal, please call Dr. Hiibner at 6-3098.

Sincerely yours

William E. Felling
Acting Executive Directfor
RYAN:br

Enclosures

1019311 N
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ATATASN IR

Form Approvea

SECTION OMB No. 0925-00C:

R REVIEW GROUP PE ACTIVITY [GRANT NUMBE R (/nser?

DEPARTA OoF on all pages.
HEALTH AND HuU. N SERVICES SRC |
PUBLIC HEALTH SERVICE g F 26 CA25490-02
TOTAL PROJECT PERICD
APPLICATION from:  07/01 /81 Through' 042/30/84
FOR CONTINUATION GRANT REQUESTED BUDGET PERIOD
From. 07/01/82 Through. 26/30/83

To Be Verified By Appicant. Check Informstion In ttems 1 Through 6. if Incorrect, Furnish Correct Information in lte~ 13,

1.

TITLE

C-11-AMINO ACIDS/POSITRON ECT FOR PANCREATIC STUDIES

2A.

PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR
(Name and Address, Street, City, Srate, Zip Code)
HUBNER, KARL P
OAK RIDGE ASSOCIATED UNIVERSIT
P O BOX 117
OCAK RIDGE,

TENN 37830

4. APPLICANT ORGANIZATION (Name and Address. Streer, Citry, Siate,
Zip Code)

OAK RIDGE ASSOCIATED
UNIVERSITIES

P O BOX 117
OAK RIDGE,

TENN 37830

S.ENTITY IDENTIFICATION NUMBER

1620476816A1

28. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT 6. TITLE AND ADDRESS OF OFFICIAL IN BUSINESS OFFICE OF
MEDICAL & HLTH SCIENZES DIV APPLICANT ORGANIZATION
2C. MAJOR SUBDIVISION HEAD, OPFICE OF FISCAL SERVICES
MEDICAL & HEALTH SCIENCES DIV OAK RIDGE ASSOCIATED
3. ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR UNIVERSITIES
INSTITUTIONAL GRANT (See Instructions) P O BOY 117
€60 OTBER RESEAPCHB ORGANIZATION OAK RIDGE, TENN 37830

COMPLETE THE FOLLOWING (See Instructions)

2.

HUMAN SUBJECTS, DERIVED MATERIAL OR DATA INVOLVED
T ~no (X vES (11 “YES,” form HHS 596 required)

11, INVENTIONS (See Instrucnons)

@& no

D Yes-not previously reported

RECOMBINANT DNA RESEARCH SUBJECT TO NiH GUIDELINES
X no O ves

D Yes-previousty reported
TELEPHONE INFORMATION

9. PERFORMANCE SITE(S) 12A. PRINCIPAL INVESTIGATOR Aras Teie. No. & Ext.
Cooe . .
MEDICAL AND HEALTH SCIENCES DIVISION oR
OAK RIDGE ASSOCIATED UNIVERSITIES PROGRAM DIRECTOR (tem 2a) | 615 576-3098
P. 0. BOX 117
. NAM
OAK RIDGE, TENNESSEE 37830 P ey CUSINESS OFFICIAL
WILLIAM F. COUNTISS 615 576-3056
12C. NAME AND TITLE OF OFFICIAL
SIGNING FOR APPLICANT
ORGANIZATION (ftem 15)
10. DIRECT COSTS REQUESTED FOR BUDGET PERIOD WILLIAM E. FELLING 615 576-3300
ACTING EXECUTIVE DIRECTOR
13. USE TH!IS SPACE FOR CORRECTIONS TO ITEMS 1 THROUGH 6. INDICATE THE NUMBERI(S) WHERE ANSWER(S) APPLY.
2B. NUCLEAR MEDICINE DEPARTMENT
14, PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR ASSUR- SIGNATURE OF PERSON NAMED IN 24 (In ink. {DATE
ANCE: 1 Agree to accept responsibility for the scientitic conduct ot | “Per’ signanure not accepiabie) H
the project and to provide the required progress reports if 8 grant is ¢
awarded as a result of this spplication.
15. CERTIFICATION AND ACCEPTANCE: 1 certity that the state- SIGNATURE OF PERSON NAMED IN 12C (/n ink. {DATE
ments herein are trus and compiete 10 the best of my knowiedge, snd | «per™ signarure not accepiable) !
accept the obligation 10 comply with the Public Health Service terms !
and conditions if g grant is swarded as the result of this spplication. ;
A wiltfully fasise certification is 8 criminal oftenss. (US, Code, Title |
18, Section 1001.) ‘
Pr5.2590-1 OFTIONAL PAGE 1 GPO 878-782
Rev. 1-81

RETUTN COXKPLETED APPLICATION TO PHS RS SOON AS POSSIBLE:
NO LATER THAN
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| FROM |wr;0u6n GRANT NUMBER
TESTION H—~BUDGET & ‘ALY 2 MONTHS: | 07/01/82 06/30/83 CA29490-02
T TTETTI0STS REQUESTED FOr. eXT BUDGE PERIOL ; DOLLAF AMOUNT REQUESTED 1omn conts
PEAY ' DL HRIDCaN Organizalion omy) (See msliuchions: TIME EFFORT ! |
- ' . FRINGE .
NAME i TMLE OF POSITION “ { Hours per SALARY BENEFTS ! ToTAs
| { Wweer i i
‘Hiicner, Karl F. | Prncipa’ 1nvestigator 20 8 10,584 | 2,597 =EESAETAS
W memmara 1 oo < - L =7 NEAZEZA
Washburn, lee C. Scientist 10 4 1 3,787 867 AT
Haves. Ravmond L. Chief Scientist 1 5 2 .  NO CHARGE ES S
Gisbs, william D. Scientist | 20 |10 6,636 | 1,50 iSAATA
Forester, Anita Research Associate |100 | 40 14,555 i 2,682 [SASAEA
« ———— N AN AN
1 P
Z i ' ;. S
IS
N N N N
' F/‘\/\/\/W§
XA
A A
EAS AR
IS
N o N N
{ S
e N
_ SUBTOTALS | 35, 562 7,686 P oo

L =C.0TiT COSt ot eath nem usieC below)

T07AL ’ 43,248

CONSULTANT COSTS (See msirucnons) Paul King, Ph.D., Assoc.Professor,Bioengineering,Vanderbilt |
University;George Avant,Chief,Div.of Gastroenterology,Vanderbilt;R.I.Collmann, ]

M.D.,Gastroenterology,Knoxville,TN;A.P.Callahan,NMTG,0ak Ridge National Labora-i 3,800

EC: PMENT temige tory %
AT
~

TESTEITNTNT
o 0
SUTE LY (ilem.2e by calegory)
Computer Discs 1,700
Photographic and Patient Supplies 1,200 IS
. . . AT AT
Chemicals & Chromatographic Supplies 1,000 S
S A
Glassware 500 A
4,400
DOMESTIC Consultant Travel (King) and Staff Travel o d, 00
TRAVE. FOREIGN
INPATIENT
PATIENT CARE COSTS OUTPATIENT  Patient lransportation & Lodging 30 Trips 1,500
A_TERAT.ONS AND RENOVATIONS fhiemuze by catepory) |
i 0
CON'-T;:ﬂUI-L (See
THIRS PARTY mstuclions!
£oeTs
OTwi= [XPENSES (niemize by Laiegory; ;
Cvclotron time, 38 runs @ $1,050 ea.: 39,900 (contains $20,000 carryover from|
CA29490-01)
ECAT Maintenance & Repairs 4 510
Publication Costs 500 44,910
TCIAL D!RECT COST (Emer on Page i nem 10
v ’ | 99,558*

INDIRECT
COsTY

{See msiructions)

“Hthis 15 3 special rate (e ¢ of-sne explam

.. s‘“"

[ — Date of DHHS Agreement
60.5 . 10

11/10/81 Provisional

T Not Reguesies
j Unpe: nepoliaiion win

PrC.I%00. ¢
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| Gram numoer

SECTION1 3UDGET (Continued) CA29490-02

Sessementa mtormanon regarong [TEMS i the proposec bugdge! 107 the nexrt penpc wiugh regusre ExpIaNANoN o1 wsihication (See msiiucions)

4#Tme proposed budget for the period 07/01/82 - 06/30/83 includes a request to carryov:
21,000 from CA29490-01 to CA29490-02. We exbect to underrun the current budget vear
~ 1 i+ amount because of extended downtime at the Oak Ridge National Laboratorv's
&6" cveleotron. Extensive repair and modification of the cvclotren was begun on
June 2, 1981. This work was delayed by an eight-week strike at Union Carbide, plus
other mechanical problems which kept the cvclotron out of production until January €,
1982. The cyclotron was operational at approximately 50% of its normal output capa-
pility between January 6 and February 12, 1982. During this time three cyclotron
rung were made for this project, primarily for developmental work on the production
cf 1lc-labeled L-valine, llc 1abeled L-tryvptophan and clinical studies.

-

Included in the modification of the cyvclotron was the installation of an automatic target
sraager which should result in more beam time for radionuclide production. With this
capability, we are planning additional runs during the second vear of this project in
order to achieve our established goals. The $20,000 carryover would be used for this
purpose.

1019314
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| FROM THROUGH | GRAN™ NUMBER
TN I DATA TR | | |
R ' 07/01/81 | 06/30/82 | CA29490

The tonom =3 5e=aTs 1¢ vour CURRENT PHS buoge: e net inciue €08 SR3HNG unee This informauon it CONUNCIION wn™ N3t DroviDe OF. Pape 2 wilt be uses in petermining ™e amoun”

o supni ‘ot e NEXT buoge: perioc

CURRENT
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02-28-€2
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| EXPENDITURES AND
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TCTh. ESTIMATED |
EXPENDITURES AND
OEIGATIONS

!

‘ ESTiMATEE

CUNOBLIGATED BAANCE
(Subtraer Le ¢ ‘rom

CURRENT BLDGEY Lo 2pwsCo 2 | [
i i {inse= Daie PERICC '
| " | 2 {3 | {4; l i
%A, SRECT COSTS 95,250 21,768 33,482 1 55,250 | 20,000%
INDIREZ™ COSTS (As Provioeo) 45,526% 13,170 20,257 33,426 !
ToTALS | 3 120,776 $ 34,938 $53,739 188,676 l $
E THROUGH F

> € sgrrcus~e ang prowide the informanon reguired in iems B through F Use this page ang continuation papes 2s necessary
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As provided through the NIH Indirect Cost Management System.

Request for carryover of these funds is detailed on page 3.

Detailed information on personnel costs and travel expenses will

PrS-250C-°
1hey S EC

PAGE 4
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REMOVE AND USE FOR DRAFT COPY

SECTION IV
APPLICANT 8% “&7 TLANT NUMBIR SHOWA LN PRGT
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SECTION IV—_SUMMARY PROGRESS REPCRT CaA 29490

SIZ 0D CCLEAED Ev e iiETE

B N7 Fa, VESTIGATDR O PACGRAM D.BECTOR 1Las Frs mig
hubner, Karl F.
NAMT OF CRGANZATON
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Ozk Ridge Associated Universities 07/01/81 G¢'30/82

TOREZE e SNGw” MoteT T on i page-

C-11-Amino Acids/Positron ECT for Pancreatic Studies
VST E C.T:CE1ONE MCT DIEV-DUS s TEIOMEC 1ESUMNNG OM whrk SLIpOnes Dy s 53N 13ut0nS
' 3.0 .ZaNe ¢ accepted 10r oLl a3t an
Prov 35 “wi 7eprnts 0 pubHLAUONe 1L DreviDusy SubMITIeC 10 the ewarting L
Feogoe.l Repc™  (See nstructions

Tte LEQE TuMIers ved' 0. e 00 TO0x. L STMET ST Tl tilergle . 2t LUl T TeC

(W N

1. The first two publications listed below resulted from work started between sub-
mission of the application of this grant and the start of the first funding
period. This was also indicated in the second paragraph of the investigators'
response to the critique in the resubmitted proposal in October, 1980.

1.1 Resolutjon of C-ll-DL-valine by high-performance liquid chromatography.

L. C. Washburn, T. T. Sun, B. L. Byrd, and A. P. Callahan.
J. Nucl. Med. 22:74, 1981, (abstract)

1.2 Production of L-[1-11CJvaline by HPLC Resclution.

L. C. Washburn, T. T. Sun, B, L. Byrd, and A. P. Callahan.
J. Nucl, Med. 23:29-33, 1982,

1.3 Positron Emission Tomography (PET).
K. F. Hubner and E. Buonocore.

In Alimentary Tract Radiology, 3rd Edition, The C. V. Mosby Co.,
St. Louis, MO. (In press, 1982)

Two copies of two reprints and two preprints of the publications listed
under 1 above are attached.

3, Progress has been made in three areas of the project.

3.1 Ve have continued to investigate a high-Eerformance liquid chromato-
graphic (HPLC) method for resolution of 1lC-labeled amino acid race-
mates. This technique uses a commercial reverse-phase HPLC column and
a chiral mobile phase containing L-proline and cupric acetate. Resolu-
tion of 11C-DL-valine and 1lC-DL-tryptophan by HPLC has been scaled up
to a preparative level. IND approvals for clinical studijes of llC-1-
valine and 1lC-L-tryptophan (copies of original IND and the amendzent
dated November 3, 1981 are attached) have been obtained from the FDA.
11C-L-trypt0phan has not yet been applied clinically, but it should
be the agent of choice for pancreatic imaging, and in conjunction with

C-aminocyclopentanecarboxylic acid (11C-ACPC) or llC-aminocyclobutane

carboxylic acid (**C-ACBC) may provide a means for the complete differ-
ential diagnosis of pancreatic carcinoma.

Production of clinically useful quantities of 11C-L-valine has bees
accomplished 12 times. A comparative study using 11C-L-valine and
1lc-Dl-valine in one patient with mild recurring pancreatitis during
"remission"” showed a significant difference between L-valine uptake
(1.6681 ug/g) and DL-valine (0.635 ug/g, a ratio of 2.6. This result

was anticipated, at least as compared to data in mice, and reaffirms

the need for 11C-l-valine for physiological in vivo studies of pancreatic

function, since the D- and L-forms are handled biochemically in entirely
different ways.

PHS-2590-1 PAGE 5 (Use Continuaticn Page as necessary)
(Rev. 920}
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CONTINUATION SHEET

3.

3

Essential to useful applications of positron tomography in clinical
investigations are adequate computer programs for image data cor-
rection and quantitative image analvsis. Progress in this area of

this project consisted in rewriting and adapting the original ECAT
programs and software to make them compatible with the ECAT-II system
which was acquired and installed in December, 1981 (completion date).
These programs are bodv outline calculation, a noise removal program,
reading four images to common background, expansion of rectilinear
scans, and listing of sort files. In addition, a program was developed
to transfer patient data acquired on the original ECAT scanner.

Page 6

1019311



Oak Ridge I ;
Associated Cos Rase o
Universities CpTerne o

October 24, 1980

Dr. William R. Bibb, Director
Research Division

Department of Energy

Oak Ridge, Tennessee 37830

Subject: REVISED GRANT APPLICATION (NIH CA29490-01) ENTITLED C-11-AMINO
ACIDS/POSITRON ECT FOR PANCREATIC STUDIES

Dear Dr. Bibb:

Enclosed are three copies of a revised grant application to NIH for
support of a project entitled C-11-Amino Acids/Positron ECT for Pancreatic
Studies. This proposal was originally submitted in March of this year and
was assigned the number CA29490-01 by NIH. It was reviewed and approved,
but not funded. The enclosed application incorporates changes in text

recommended by the review panel. These changes are set off from the original
text per instructions from NIH.

Since this proposal was approved by DOE for submission in March, we are
simultaneously transmitting this revised version to NIH and DOE. Should

your office have any objections to the proposal, it can be withdrawn before
the review panel meets.

The proposed research will be carried out under policies and procedures

previously established between ORAU and DOE and will be supervised by Dr.
Karl F. Hiibner.

We will keep you advised concerning the status of this grant.

Si)rely,
‘ﬁ;‘ If. d ¢

Philip L. Johnson
Executive Director

RYAN:br

Enclosures

1014318
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FORM APPR . E2
O.MB.ND. bE.=10

Wil

DEPARTMENT OF HEALTH, t JUCATION, AND WELFARE
PUBLIC HEALTH SERVICE

GRANT APPLICATION

FOLLOW INSTRUCTIONS CAREFULLY

LEAVE BLANK

TYPE ACTIVITY

B

NUMBER

RE VIEN GROUP | FORMERLY

COUNCIL BOARD (Month, yeor) DATE RECEIVED

1. TITLE OF APPLIZATION (Do not exceed 56 typewriter spaces)

C-11-AMINO ACIDS/POSITRON ECT FOR PANCREATIC STUDIES

>

., RESPONSE TO SPECIFIC PROGRAM ANNOUNCEMENT S‘ NO

I YES(f '"YES,'” state RF A number ond/or onnouncement title)

3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

3a. NAME (Lost, first, middie) 3b, SOCIAL SECURITY NUMBER
Hubner, Karl F.
3c. MALLING ADDRESS (Street, city, state, 2ip code)

Oak Ridge Associated Universities
P. O. Box 117

0ak Ridge, TN. 37830

3d. POSITION TITLE

Division

- Chief Clinician, Medical and Health Sciences

Je. DEPARTMENT, SERVICE, LABORATORY OR EQUIVALENT
Medical and Health Sciences Division

3. TELEPHONE (Areg code, number and extension)

€15-576-3098

3g. MAJOR SUBDIVISION
Medical and Health Sciences Division

4. HUMAN SUBJECTS, DERIVED MATERIALS OR DATA INVOLVED
[TIno [x] YES (1 “YES," form HEW 596 required)

5. RECOMBINANT DNA RESEARCH SUBJECT TO NiH GUIDELINES

Fno [ ves

6, DATES OF ENTIRE PROPOSED PROJECT PERIOD

(This application)

Feom:  7/1/81 6/30/84

Theough:

7. TOTAL DIRECT COSTS RE-
QUESTED FOR PROJECT
PERIOD (from poge 5)

$ 243,400

. DIRECT COSTS REQUESTED F2R
FIRST12MONTH BUDGET
PERIOD (from page 4}

$75,750

9. PERFORMANCE SITES (Orgonizations and oddresses)
Medical and Health Sciences Division
Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, Tennessee 37830

10. INVENTIONS (Competing continuation application only)

Were any inventions conceived or reduced 1o proctice during the course
of the project?

-

NO D YES - Previousiy reportec

YES - Not previously reported

12. ORGANIZATIONAL COMPONENT TO RECEIVE CREDIT FOR
INSTITUTIONAL GRANT (See instructions)

11. APPLICANT ORGANIZATION (Nome, oddress, and congressionol
district)

Oak Ridge Associated Universities
P. 0. Box 117

Oak Ridge, Tennessee 37830

Congressional District No. 3

13. ENTITY ) TIFICAT
162647 6518n O NUMEER

Code m Description:

14. TYPE OF ORGANIZATION (See instructions)

Private Nonprofit
Public (Specify Federal, 5tote, Locoal):

15. OFFICIAL IN BUSINESS OFFICE TO BE NOTIFIED IF AN
AWARD 1S MADE (Nome, title, oddress ond telephor= ~umiser,)
W. F. Countiss

Head, Office of Fiscal Services
Oak Ridge Associated Universities

16, OF FICIAL SIGNING FOR APPLICANT ORGANIZATION {Nome, titie,
oddress and telephone number)

Dr. Philip L. Johnson
Executive Director

Oak Ridge Associated Universities

P. 0. Box 117 P. 0. Box 117
Oak Ridge, TN. 37830 615-576-3056 Oak Ridge, TN. Ph. 615-576-3300
17. PRINCIPAL INVESTIGATOR. PROGRAM DIRECTOR ASSURANCE: | ogres | SIGNATURE OF PERSON NAMED IN 3a {In ink. -

1o occept responsibility for the scientific conduct of the project ond to pro-

vide the required progress reports if a gront is owarded ot a result of this
opplicotion.

“Per’ signature not acceproblel

b(;bul_.:;t J“u1k-¢.l\®4;;>~.

.l°/22/eo

18. CERTIFICATION AND ACCEPTANCE: | centify thot the stotements hereia

ore true and complete 1o the best of my knowledge, and accep! the oblige-
tion 1o comply with Public Health Service terms and conditions if o grant
is oworded as the result of this applicotion. A willfully folse cenificaton
is @ cniminol offense. (U.S. Code, Title 18, Section 1001.)

SIGNA (URE OF PERSON MED IN 16 (In ink,

DATE

1o/21/80

PHS-398
Rev. 10/79
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DEPARTMEN., . HEALTH, EDUCATION, AND WELFARE LEAVE BLANK
PUBLIC HEAL TH SERVICE

PROJECT NUMBER
ABSTRACT OF RESEARCH PLAN

NAME AND ADDRESS OF APPLICANT OQRGANIZATION (Same os item 11, poge 1}

Oak Ridge Associated Universities, P. O. Box 117, Oak Ridge, Tennessee 37830
TITLE OF APPLICATION (Some os item |, poge 1)
C-11-AMINO ACIDS/POSITRON ECT FOR PANCREATIC STUDIES

Name, Title and Department of all professional persennel engaged on project, beginning with Principal Investigator/Progrom Director

Karl F. Hubner Chief Clinician, Medical and Health Sciences Division (M&HSD)
Lee C. Washburn Scientist, M&HSD

Raymond L. Hayes Chief Scientist, M&HSD
Paul H. King Associate Professor, Dept. of Biomedical Engineering,
Vanderbilt University, Nashville, Tennessee

ABSTRACT OF RESEARCH PLAN: Concisely describe the application’s specific aims, methodology and long-term objectives, making raterence 1o
the scientific disciplines involved and the heoith-reictedness of the project. The obstract should be selfocontoined so that it con serve as o succinet
and occurate description of the applicotion when separated from it, DO NOT EXCEED THE SPACE PROVIDED,

Cancer of the pancreas is one of the leading causes of death among cancer patients.
This can be attributed in part to the fact that a definitive diagnosis is usually
made only at an advanced stage of the disease. We have shown, using positron emission!
computerized tomography (positron ECT) that 1lc-1abeled DL-tryptophan and DL-valine
have high preferential uptakes in normal pancreatic tissue. Since the L-isomers of
these two amino acids have an affinity for normal pancreas while the D-isomers tend
to be preferentially taken up by tumor tissue, approximately the same 11¢ concen-
trations occur in both normal and malignant pancreatic tissues with the DL mixture.
We propose to use ““C-labeled L-tryptophan or L-valine to detect pancreatic cancer
as zones of decreased or absent 11C concentrations in the pancreas in the three-
dimensional cross-sectional images obtained with positron ECT. Confirmation of the
presence of a malignant lesion(s) would then be made with 1lC-labeled l-aminocyclo-
pentanecarboxylic acid or its cyclobutane analog, radiopharmaceuticals which we have
shown to have no affinity for inflammatory lesions and to be effective tumor-
localizing agents. This diagnostic protocol should thus provide a non-invasive
wethod for the differential diagnosis of pancreatic disease. The studies will be
done with an up-to-date emission computerized tomograph, an EG&G ORTEC ECAT-II (TM).
We also propose to use positron ECT to quantitatively measure the effect of therapy
on the extraction/utilization of amino acids by pancreatic neoplasms as a possible
method of metabolically gauging individual responses to treatment.

LABORATORY ANIMALS INVOL VED. Identify by common nomes. If none, stote “‘none’’
None.

PNS-398 PAGE 2



PRINCIPAL INVESTIGATOR PROGRAM DIP TOR: __Karl F. Hubner, M.D.

TABLE OF CONTENTS

Number pages consecutively ot the bottom throughout the application. Do not use suffixes such as
So, 5b. Type the nome of the Principal Investigator/Program Director at the top of each printed page
ond each continuation page.

SECTION 1. PAGE NUMBERS

FQCG Poge, Abstrocf, Toble of Con?enfs..................-..........--....-.......... "3
Detailed Budget for First 12 Month Budget Period covcieecnecarrncesasrseratssscccnnses 4

Budget Estimates for All Years of Support.sceeiceciieneen cesiesvsesessscrrasrenstante

Biographical Sketch-Principal Investigator/Program Director (Not to exceed two pages)..... £77

Other Biogrophical Sketches (Not to exceed two poges for each).eeveiieiiiiinniiieneens, 8-14

Other SUPPOIt . cssesessasessssssssorossoesaseesosssossnssnasasssessssnssssnscssoans 15-16

Resources and Environment .. ioiiiieerieeersiersnorosssssssnsasssssnsssosaseaasssns 17
SECTION 2.

Introduction (Excess pages; revised and supp/emental applicotions) «vets verrereeriieaas, 18-19

Research Plan

A. Specific Aims (Not to exceed one page) seeserisssssssassssssssosccsnsassassass 20
B. Significance (Not 10 exceed three pOges)..eeeserecesssssasscsssasoscnssossassss 20223
C. Progress Report/Preliminary Studies (Not to exceed eight poges) vvovvvevevnennnn, 23=25
D. MethodSs cuvureerueeeveseeesessecnsosoansnseesssossnescanssoescssnssassnasans = %
E. Humon Subjects, Derived Materials or Datgeuiieeeeniieeeerecsenatsnocncennns TQ:}
F. Loboratory Animaols ceueeneeierioreenesessoveneesassoscccssoocssavonessssvnss

G. ConSUIIONTS et cunencosarosascssssssossncnsssasuasacnsnsssssesnosasesosasonsas I
H. Consortium Arrangements or Formalized Collaborative Agreements cooeveeveenen... 32-33
I, Literoture Cited cuuveeruaesonrocssessseancsosossannacassnsesssscsosssanssarns 34=35

oy LT 36

SECTION 3. Appendix (Six sets) (No page numbering necessary for Appendix)

Number of publications: ___l__&"sppendix A) Number of manuscripts:
Other items (list):

B. Examples of positron tomographic scans obtained with 11C—labeled amino acids.

C. Example of analytical-scale resolution of l:I'C—DL--m:yptophzm using high
pressure liquid chromatography.

Application Receipt Record, form PHS 3830
Form HEW 596 if ltem 4, page 1, is checked "YES''
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECT? Hibner, Karl F.
FROM THROUGH -
DETAILED BUDGET FOR FIRST 12 MONTH BUDGET PERIOD 07/01/81 06/30/82
DIRECT COSTS ONLY ODOLLAR AMOUNT RECLESTED (Omit conts
PERSONNEL (Applicont organization only) (See instructions) ] TIME EFFORT e
Hours oar SALARY B;:'E”F“;S TOTALS
NAME TITLE OF POSITION % Wk
Hubner, Karl F. Principal Investigator 20 9,810 11753 E 11,5653
Washburn, Lee C. Scientist 10 3,435 690 . 4,123
Haves, Raymond L. Chief Scientist 55 NO CHARGE I
Gibbs, Wm. D. Scientist 25 8,435 1,690 10,125
Sun, Tan Tan Research Associate | 50 12,280 2,705 14,985
SUBTOTALS | 33,960 6,840 40,800
CONSULTANT COSTS (See instructions) Paul King, Assoc. Professor, Bioengineering,
$150/day, 24 days. Vanderbilt University; Albert Avant,Chief,Div.of Gas~-
troenterology,Vanderbilt;R.1.Collmann,Gastroenterology,Knox~-| 3,600
ERUTAWERS irdnti 4o ville, TN; A.P. Callahan, NMIG, Oak Ridge National Laboratory
0
SUPPLIES (/temize by cotegory)
Computer Discs - $1,650
Photographic and Patient Supplies - $1,000
Chemicals & Chromatographic Supplies - $1,000
Glassware - $500
4,150
DOMESTIC $1,100 Consultant Travel (King) $600 Staff Travel 1,700
TRAVEL FOREIGN
PATIENT CARE COST INPATIENT
ATIE ARE COSTS OUTPATIENT Patient Transportation & Lodging 30 trips @ 50 1,500
ALTERATIONS AND RENOVATIONS {itemize by cortegory)
CONTRACTUAL
OR (See
THIRD PARTY instructions)
COsTS
OTHER EXPENSES (Itemize by cotegory)
Cyclotron time, 25 runs @ 800 ea -~ $20,000
ECAT Maintenance & Repairs - $3,500
Publication Costs $500 24,000
TOTAL DIRECT COSTS (Al enter on poge 1, item 8) 13$75,750
PHS. PAGE 4
Sy .
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PRIN-' DAL INVESTIGATOR PROGRAM CIREC thner, Karl F.

BUDGET ESTIMATES FOR ALL YEARS OF SUPPORT REQUESTED
DIRECT COSTS ONLY

Yer BUDGET | YEARS SUPPORT REQUESTED
BUDGET CATEGORY Y otaoe ADDITIONAL YEARS _
TOTALS ‘v' " poge o T Znd ‘ 3ed ‘! 4th Sth
PERSCNNEL (Solary ond ! )
fringe benefi1s,) f.lefQOO | 45,050 47 , 600
( Applicant organization only) y ;
, o | |
CONSULTANT COSTS | 3. 600 . 3 800 :( 4.000 [
L] ' *
: i
EQUIPMENT 0 | Q ! €
i ) ':
SUPPLIES 4,150 4,500 é 4,650 |
4
DOMESTIC 1,700 | 1,800 | 1,900
TRAVEL i 7
FOREIGN ) 5,
INPATIENT } 5
PATIENT ;
CARE Ti l
COosTsS ouTeATIERT § 3,500 1,500 1,500
ALTERATIONS AND
RENOVATIONS
Cw--v CONTRACTUAL OR THIRD
PARTY COSTS
OTHER EXPENSES 24,000 25,450 27,000
TOTAL DIRECT COSTS 75,750 81,000 86,650

TOTAL FORENTIPE PROPOSED PROJECT PERIOD (Alsc enter on poge 1, item 7;

—=1 $ 243,400

JUSTIFICATION (Use continuation poges if necessary): Briefly describe the specific functions of the persennel ond consultents, For all years,
justify ony costs for which the need may not be obvious, such as equipment, foreign travel, alterations and renovations, and centractue! or third

party costy. For future yeors, justify ony significant increases 1n ony category. In addition, for COMPETING CONTINUATION opplicotions,
ustify any significant increcses over current .evel of support, {f a recurring annual increase in personnel costs is anticipoted, give percentoge.

Recurring increases in personnel costs computed at 8% average.

Personnel Functions:

Hibner, Karl F.-(Principal Investigator) oversees conduct of project.

Washburn, Lee C.-Oversees production of radiopharmaceuticals,

Hayes, Raymond L.-Provides advise in radiopharmaceutical development.

Gibbs, Wm. D.-Physicist and Nuclear Medical Technologist in clinjical
positron emission computerized tomography.

Sun, Tan Tan~-Chemist involved in production of radiopharmaceuticals.
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PRINCIPAL INVESTICATOR/PRPOLSRAM L TOR Karl F. Hubner, M.D.

BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on poge 2, beginning with the
Principal InvestigatorProgrem Director. Photocopy this pege tor each person.

T

TITLE BIRTHZATE Mo.,Ccr "/
NAME . PP
" Chief Clinician
Karl F. Hubner, M.D. edical & Health Sciences Div. ___'
EDUCATION (Begin with boccoloureate troining ond include postdoctoral)
YEA -
INSTITUTION AND LOCATION DEGREE EAR FIELD OF STLC2Y

CONFERRED

RESEARCH AND/’dR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, experi-
ence, ond honors. Include present membership on ony Federal Government Public Advisory Committee, List, in chrenologicol order, the titles and
complete raferences to recent representative publicotions, especiolly those most pertinent to this epplication, Do not exceed 2 pages,

1962-1964 Resident in Clinical Investigation, Medical Division, Oak Ridge Irsti-

tute of Nuclear Studies (now Oak Ridge Associated Universities),
Oak Ridge, TN.

1964-1967 Resident in Pediatrics, University of Tubingen, Medical School,
Germany.

1967-1970 Research Associate in Experimental Immunolocy, Medical Division,
Oak Ridge Associated Universities, Oak Ridge, TN.

1971-1973 Senior Staff Member with Clinical Staff, Medical Division, Oak
Ridge Associated Universities, Oak Ridge, TN.

1973-1979 Senior Research Scientist, Medical and Health Sciences Division,
Oak Ridge Associated Universities, Oak Ridge, TN. .

1975-1979 Director, Qutpatient Nuclear Medicine, Medical and Health

Sciences Division, Oak Ridge Associated Universities, Oak Ridge, TX.

Director, Radiation Emergency Assistance Center/Training Site,

Oak Ridge Associated Universities, Oak Ridge, TN.

1976-Present Chief Clinician, Medical and Health Sciences Division, 0Oak Ridge
Associated Universities, Oak Ridge, TN.

-1977-Present

Honors: iH" iifel Preis" for History and German.!
1979 American Men and Women 1 nce; listed 1n wuide to Energy
Specialists, International Environment Information.
Publications:

Swartzendruber, D.C. and Hiubner, K.F. Effect of external whole-body X-

irradiation on gallium-67 retention in mouse tissues. Radiat. Res.
55:457-468, 1973.

Hubner, K.F., Andrews, G.A., Hayes, R.L., Poggenburg, J.K., and Solomon, A. The
use of rare earth radionuclides and other bone-seekers in evaluating bone lesions

in patients with multiple myeloma and solitary plasmacytoma. Radiology 125:171-
176, October, 1977.

Hubner, K.F,, Andrews, G.A., Washburn, L., Wieland, B.W., Gibbs, W.D., Hayes,
R.L., Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopen-

tane[11C]-carboxylic acid: preliminary clinical trials with single-photon detec-
tion. J. Nucl. Med. 18:1215-1221, 1977,

Johnston, G.S., Go, M.F., Benua, R.S., Larson, S.M., Andrews, G.A., and Hiibner,

K.F. Ga-citrate imaging in Hodgkin's disease: final report of cooperative
group. J. Nucl. Med. 18:692-693, 1977.

PrS.I98 6
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Andrews, G.A., Hibner, K.F., and Creenlaw, R.H. Gallium-67 citrate

imaging in malignant lymphoma: final report of cooperative group. J. Nucl. Med.
19:1013-19, 1978,

Hibner, K.F., Andrews, G.A., Gibbs, W.D., Holloway, S., Hayes, R.L., and Washburnm,
L.C. Initial diagnostic results with 11c-jabeled amino acids and the emission
positron tomograph. In Proceedings of the Second World Federation of Nuclear
Medicine and Blology, p. 13*(abstract), Washington, D.C., 1978.

Lawless, D., Brown, D.H., Hibner, K.F., Colyer, S.P., Carlton, J.E., and Hayes,
R.L. 1Isolation and partial characterization of a 67Ga-binding glycoprotein from
Morris 5123C rat hepatoma. Can. Res. 38:4440-4444, 1978,

Sauerbrunn, B.J.L., Andrews, G.A., and Hibner, K.F. 67Ga-citrate imaging in

genitourinary tract tumors: report of cooperative study. J. Nucl. Med. 19:470-
475, 1978. :

Buonocore, E., and Hubner, K.F. Positron-emission computed tomography of the
pancreas: a preliminary study. Radiology 133:195-201, 1979.

Buonocore, E., Hubner, K.F., and Collmann, I.R. Differentiation of retroperitoneal

tumor using positron emission computed tomography. J. Comput. Asst. Tomegr.
3(6):825-828, 1979.

Hiibner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann,
I.R., and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and

positron tomographic imaging of the human pancreas. J. Nucl, Med. 20:507-513,
1979.

Hiibner, K.F., and Buonocore, E. Emission computerized tomography (ECT) with llc-
labeled amino acids, transmission CT and ultrasonography (US) in the diagnosis of

pancreatic disease. Presented at the Sixth International Congress of Radiation
Research, Tokyo, Japan, 1979 (abstract).

Hubner, K.F., Andrews, G.A., Washburn, L., Wieland, B.W., Gibbs, W.D., Hayes,
R.L., Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopen-
tane[11C]-carboxylic acid: preliminary clinical trials with single-photon detectica.

In Year Book of Cancer, R.L. Clark, R.W. Cumley and R.C. Hickey, eds., Year Book
Medical Publishérs, Inc., Chicago, 1979, pp. 237-239.

Hibner, K.F., Buonocore, E., Gibbs, W.D., Holloway, S., and Byrd, B.L. Differen-
tiation of pancreatic and other retroperitoneal tumors by positron emission
computerized tomography (ECT). J. Nucl. Med. 20:631, 1979.

King, P., Hubner, K.F., Gibbs, W.D., and Holloway, E. Noise identification and

removal in positron imaging systems. In Proceedings of IEEE-Transactions on
Nuclear Science, February, 1981, (in press)

Hubner, K.F., King, P., Gibbs, W.D., Washburn, L.C., and Hayes, R.L. Positron
emission computerized tomography: A potential tool for in vivo quantitation of
the distribution of radiopharmaceuticals. In Proceedings of the Third Inter-

national Radiopharmaceutical Dosimetry Symposium, Oak Ridge, TN, October 7-10,
1980. (in press)
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Give the following information for key professional personnel listed on poge 2, beginning with the
Principal Investigator Progrom Cirector, Photocopy this page for each person,

NAME | TITLE

BIRTHDATE Mo., Doy, 71y

Lee C. Washburn Scientist

EDUCATION (Beain with beccoloureote training ond include postdocroral)

INSTITUTION AND LOCATION

YEAR FIELD OF STUDY
DECREE CONFERRED

= 22 _Ea 4 = T

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, listin chronologicol order previous employment, sxper-

ence, ond honors. Include present membership on any Federcl Govemment Public Advisory Committes, List, in chronological order, the titles ond
y .

complete relerences to recent representative publicotions, especiolly those most pertinent 1o this application. Do not exceed 2 pages;

March-June 1972
June 1972-March 1974

Research Associate, Vanderbilt University, Nashville, TN.
Presidential Intern, Medical and Health Sciences Division,
Oak Ridge Associated Universities, Oak Ridge, TN,
Scientist, Medical and Health Sciences Division, 0Oak
Ridge Associated Universities, Oak Ridge, TN.

April 1974-present

Honors: Alpha Chi; Shell 0il Foundation Predoctoral Fellowship

1971-1972.
Publications:

Washburn, L.C., Coffey, J.L., Watson, E.E., Sun, T.T., and Hayes, R.L.
dosimetry of some llC-labeled amino acid pharmaceuticals. In Radiopharmaceutical
Dosimetry Symposium, R.J. Cloutier, J.L. Coffey, W.S. Snyder, and E.E. Watson,

eds., U. S. Dept. of Health, Education and Walfare, Washington, D.C., June 1976,
pp. 441-451.

Radiation

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and

Butler, T.A. Carboxyl-labeled 11C-1-aminocyclopentanecarboxylic acid, a poten-
tial agent for cancer detection. J. Nucl. Med. 17:748-751, 1976.

Hubner, K.F., Andrews, G.A., Washburn, L.C., Wieland, B.W., Gibbs, W.D.,
Hayes, R.L., Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclo-

pentane [11C] carboxylic acid: preliminary clinical trials with single-photon
detection. J. Nucl. Med. 18:1215-1221, 1977.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Butler, T.A., and

Callahan, A.P. Synthesis and purification of 11C-carboxy1-labeled amino acids.
J. Appl. Radiat. Isotopes 29:186-187, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. [1-11c]
DL-valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L.

Effect of structure on
tumor specificity of alicyclic a-amino acids.

Cancer Res. 38:2271-2273, 1978.
Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., Butler, T.A., and
Callahan, A.P. High-level production of C-ll-carboxyl-labeled amino acids.

In Radiopharmaceuticals II, proceedings of 2nd International Symposium on Radio-
pharmaceuticals, Seattle, Wash., 1979, pp. 767-777.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl—
11c] tryptophan, a potential agent for pancreatic imaging: production and pre-
clinical investigations. J. Nucl. Med. 20:857-864, 1979.
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vashburn, L.C., Sun, T.T., Byrd, B.L., Haves, R.L., and Butler, T.A. [Carboxvl-l1:C]

l-aminocyclobutanecarboxvlic acid, a potential agent for tumor localization. J.
Nucl. Med. 20:1055-1061, 1979.

Hibner, K.F., Andrews, G.A., Buonocore, E., Haves, R.L., Washburn, L.C., Collmann,
I.R., and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and

positron tomographic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Digenis, G.A., Casey, D.L., Wesner, D.A., Washburn, L.C., and Hayes, R.L. Prepara-
tion of optically active C-ll-amino acids. J. Nucl. Med. 20:662, 1979 (abstract).

Blank, M.L., Cress, E.A., Byrd, B.L., Washburn, L.C., and Snyder, F. Liposomal

encapsulated Zn-DTPA for removing intracellular heavy metals. Health Phys. (in
press)

Washburn, L.C., Sun, T.T., Byrd, B.L., and Hayes, R.L. C(-ll-labeled branched-chain

amines, potential agents for positron tomographlc lung function studies. J. Nucl.
Med. 21:pl3, 1980. (abstract)

Washburn, L.C., Ringenberg, R.E., Sun, T.T., and Hayes, R.L. 1lc-1abeled l-amino-
cyclohexanecarboxylic acid (11c-ACHC), a potential agent for studies of amino acid
transport in the brain. Proceedings of the Third International Symposium on Radio-
pharmaceutical Chemistry, St. Louis, Missouri, June, 1980. (To be published in

J. Labelled Compounds and Radiopharmaceuticals.)

Jay, M., Digenis, G.A., Chaney, J.E., Washburn, L.C., Byrd, B.L., Hayes, R.L., and
Callahan, A.P. Synthesis and brain uptake of carbon-1l phenethylamine. Proceedings
of the Third International Symposium on Radiopharmaceutical Chemistry, St. Louis,

Missouri, June, 1980. (To be published in J. Labelled Compounds and Radiopharma-
ceuticals.)

Kabalka, G.S., Gooch, E.E., Sun, T.T., and Washburn, L.C. A rapid and mild method
for labeling functionally substituted molecules with iodine radionuclides. Proceed-
ings of the Third International Symposium on Radiopharmaceutical Chemistry, St. Louis,

Missouri, June, 1980. (To be published in J. Labelled Compounds and Radiopharma-
ceuticals.)

Casey, D.L., Digenis, G.A., Wesner, D.A., Washburn, L.C., Chaney, J.E., Haves, R.L.,
and Callahan, A.P. Preparation and preliminary tissue studies of optically active
C-11-D- and L-phenylalanine. (Submitted to Int. J. Appl. Radiat. Isot.)

Hibner, K.F., Washburn, L.C., Gibbs, W.D., Hayes, R.lL., and Holloway, E.C. Tumor
detection with l-aminocyclopentane and l-aminocyclobutane [11C]carboxylic acid
using positron emission computerized tomography. (Submitted to J. Nucl. Med.)

Hubner, K.F., King, P., Gibbs, W.D., Partain, C.L., Washburn, L.C., Hayes, R.L.,
and Holloway, E. Clinical investigations with llc-1abeled amino acids using
positron emission computerized tomography in patients with neoplastic diseases.
In Proceedings of the IAEA International Symposium on Radionuclide Imaging,
Heidelberg, Germany, 1980. (In press.)

Washburn, L.C., Dees, L., Byrd, B.L., Sun, T.T., and Hayes, R.L. 1llc-1abeled
a-aminoisobutyric acid, a potential agent for positron tomographic assessment of
blood-brain barrier disruption. In Proceedings of the 21st Annual Meeting,

Southeastern Chapter, Society of Nuclear Medicine (Continuing Education Lectures),
Nashville, TN. (Abstract)

1014321
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BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on poge 2, beginning with the
Principal investigator Progrcm Director. Photocepy this pege for each person,
NAME TITLE

BiIRTHCATZ iMo., Loy, 7"
FIELD OF STUCY

=

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present pasition, list in chronologicel order previous employment, experi.
ence, ond honers. Include present membership on any Federal Government Public Advisory Committes, List, in chrenological order, the tities end
complete references to recent representative publications, especialiy those most pertinent to this application. Do not exceed 2 pages.

1944 Senior Chemist, U.S. Rubber Co., Charlotte, NC

1950-present  Chief Scientist, Medical and Health Sciences Division, Oak Rldge
Associated Universities, Oak Ridge, TN

Ravmond L. Haves Chief Scientist

EDUCATION (Begin with baccolourecre training ond include postdoctoral)

YEAR
R
INSTITUTION AND LOCATION DEGREE CONFERRED

Honors: Sigma Xi; AEC (NSF) Predoctoral Fellowship 1948-1950

Wieland, B.W., Washburm, L.C., Turtle, R.R., Hayes, R.L., and Butler, T.A. Develop-
ment of cyclotron targetry and remote radiochemical techniques for the continuous

large-scale production of llc-1abeled amino acids. J. Labeled Compds. Radiopharma-
ceuticals 13(2):202, 1977.

Washburn, L.C., Wieland, B.W., Sun, T.T., and Hayes, R.L.

as agents for tumor and pancreas visualization.
ticals 13:203, 1977.

llc-1abeled amino acids
J. Labeled Compds. Radiopharmaceu-

Hubner, K.F., Andrews, G.A., Washburn, L.C., Wieland, B.W., Gibbs, W.D. , Hayes,

R. L., Butler, T.A., and Winebrenner, J.D. Tumor location with 1-am1nocyclopentane

[ C] carboxylic acid: preliminary clinical trials with single-photon detection.
J. Nucl., Med., 18:1215-1221, 1977.

Hubner, K.F., Andrews, G.A., Hayes, R.L., Poggenburg, J.K., Jr., and Solomon, A.
The use of rare-earth radionuclides and other bone-seekers in the evaluation of

bone lesions in patients with multiple myeloma or solitary plasmacytoma. Radiologv
125(1):171-176, 1977.

Hayes, R.L. The tissue distribution of gallium radionuclides. J. Nucl. Med. 18:
740-742, 1977.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. [1-11c]
DL-valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Anon, J.B., Butler, T.A.,
and Callahan, A.P. Synthesis and purification of 11C-carboxyl—labeled amino
acids. 1Int. J. Appl. Radiat. Isotopes 29:186-187, 1978.

Hayes, R.L., Washburn, L.C,, Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler,

T.A. Carboxyl-labeled 1IC-l-aminocyclopentanecarboxylic acid, a potential agent
for cancer detection. Year Book of Cancer 1978, pp. 236-237.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structure on
tumor specificity of alicyclic a-amino acids. Cancer Res. 38:2271-2273, 1978.

Hayes, R.L. The medical use of gallium radionuclides: a brief history with some
comments. Semin. Nucl. Med. 8:183-191, 1978.
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Haves, R.L. Chemistry and radiochemistry of metal-ion nuclides commeonly emplovecd in
radiopharmaceuticals. In The Chemistry of Radiopharmaceuticals, N.D. Heindel,

E.D. Burns, T. Honda, and L.W. Bradv, eds. Masson Publishing, N.Y., 1978, pp. 13:
167.

Lawless, D., Brown, D.H., Hubner, K.F., Colyer, S.P., Carlton, J.E., and Hayes, R.L.
Isolation and partial characterization of a 67Ga-binding glycoprotein from a rat
hepatoma. Cancer Res. 38:4440-4444, 1973,

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann,
I.R., and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and posi-
tron tomographic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., Butler, T.A., and Callahan,
A.P. High-level production of C-ll-carboxyl-labeled amino acids. In Radiopharma-

ceuticals II, proceedings of 2nd International Symposium on Radiopharmaceuticals,
Seattle, Wash., 1979, pp. 767-777.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-
11c] tryptophan, a potential agent for pancreatic imaging: production and preclini-
cal investigations. J. Nucl. Med. 20:857-864, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. [Carboxyl-llcj

l-aminocyclobutanecarboxylic acid, a potential tumor-seeking agent. J. Nucl. Med.
20:1055-1061, 1979.

Hayes, R.L., Rafter, J.J., and Byrd, B.L. Studies of the mechanism of gallium-67
uptake by tumor, abscess and normal tissues. J. Nucl. Med. 20:672-673, 1979
(abstr.).

Hayes, R.L., Szymendera, J.J., and Byrd, B.L. Effect of food intake on the tissue
distribution of gallium-67: Concise communication. J. Nucl. Med. 20:938-940, 1979.

Hayes, R.L., Byrd B.L., Rafter, J.J., and Carlton, J.E. The effect of scandium on

the tissue distribution of Ga-67 in normal and tumor-bearing rodents. J. Nucl. Med.
21:361-365, 1980.

Casey, D.L., Digenis, G.A., Wesner, D.A., Washburn, L.C., Chaney, J.E., Hayes, R.L.,
and Callahan, A.P. Preparation and preliminary tissue studies of optically active
C-11-D- and L-phenylalanine. Int. J. Appl. Radiat. Inst. (in press)

10193249

page 11




— —_ o Coo—

P N R &

-, .

PRINCIPAL INVESTICATOR Procram D1 Tor Karl F. Hubner, M.D.

BIOGRAPHICAL SKETCH

Give the following information for key professicnol personnel listed on poge 2, beginning ~ith the
Principol Investigator Progrem Directer. Photocooy this page for eoch person.

NAME TITLE [BIRIF_AZ Mo.,oay. "%

Paul Harvey King -__

EDUCATION (Beqin with baccoloureate training ond include postdocrorol)

INSTITUTION AND LOCATION DEGREE TEAR

FIELD OF STLZY
CONFERRED

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present positien, list in chronological order previous employment, experi-

ence, ond honors. include present membership on any Federo! Govemment Public Advisory Committee. List, in chronclogical erder, the tit.es and

complete references to recent representative publications, especiolly those most pertinent to this application, De not excesd 2 pages.

6/61-6/62 Case Institute of Technology (Asst. in Accelerometer Research),
Cleveland, OH.

6/62-9/62 Bell Aerosystems Co., (accelerometer research and design), Clevelard,
OH.

9/62-9/65 Highland View Hospital (Metabolic Ward), Cleveland, OH.

12/66-9/69 Kidney Dialysis Unit, Veteran's Hospital, Nashville, TN.

2/66-present Nuclear Medicine Department, Vanderbilt Hospital, Nashville, TN.

8/69-present Vanderbilt and Veterans Hospital, Dynamics of bone healing, gait

‘ analysis.

2/71-present Vanderbilt and Veterans Hospital, Vectorcardiography research.

1972-present  Associate Professor, Vanderbilt University, Nashville, TN.

7/78-7/79 Sabbatical-Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN. (Presently a consultant)

Honors: American Men & Women of Science - General (1973) and Medical Sciences
(1975); Skylab Award - 1975; Skylab Achievement Award 1975; Group
Achievement Award, Skylab Medical Team 1975; Directory of Inter~
national Biography 1976; Who's Who in the South and Southwest 1979.

Publications:

King, P.H., and Apple, H. Computer Oriented Study of Metabolism, Data Acquisitic:
and Processing in Biology and Medicine, Paragamon Press, Vol. &4, 1964, pp. 23-36.

King, P.H. Numerical Analysis and Data Processing in Metabolism Research.
Master's Thesis, Case Institute of Technology, Cleveland, OH, 1965.

King, P.H. Brill, A.B., and King, R.J.

Computer applications in nuclear medi-
cine. J. Nucl. Med. 7:803, 1966.

King, P.H., Baker, W., Day, R., Greenway, R., Lindan, 0., and Reswick, J. Mea-
surement of the random component ("noise') in the study of short-term fluctua-
tions in urine composition. 1In 19th Annual Conference on Engineering in Medi-
cine and Biology, San Francisco, Calif., November 1966, Vol, p. 203.

Patton, J., Brill, A.B., Erickson, J., and King, P.H. Cylindrical arrav tomo-
graphic scanner with focusing collimators and its possible adaptation for
fluorescence scanning of brain tumors. Sou. Med. J. 62:1434, 1969.

Brill, A.B., Johnston, R.E., Davies, H., King, P.H., Erickson, J., Williams, H.,

and Nash, R. Analysis of imaging techniques using digitally simulated scans.
Sou. Med. J. 62, 1969.

page 12

PHS5-198

Rev. 10.79 ‘ U -*{ q 3 3 0

PAGE ___



DO NOT TYPE IN THIS SPACE-BINDING MARGIN

P AME (1asy, tirst, mudoie inival)

Hubner, Karl F.

SOCIAL SECURITY Nt
Contnuation page

King, P.H., Patton, J., Pickens, D.R., Sweenev, J., and Brill, A.B. A multidetect:r
orthogonally coincident focal point tomographic scanner. Sou. Med. J. 64(11):142

1971.

>
|4
~

[

Patton, J., Brill, A.B., and King, P.H. Transverse section brain scanning with mul:zi-
crystal cylindrical imaging device. Conference on Radionuclide Tomography, Sept. 13,

Tomographic Imaging in Nuclear Medicine. Society of Nuclear Medicine, New York, 1373,
Pp. 28-43.

Patton, J.A., Brill, Xfﬁl, aﬁd'King, P.H. A new mode of collection and display of
three dimensional data for static and dynamic radiotracer studies. Proceedings of

Symposium on Medical Radioisotope Scintigraphy 1972, Vol. 1, IAEA, Vienna, 1973,
pp. 355-368.

Smith, R.F., King, P.H., Stanton, K., Stoop, D., and Brown, D. Quantitative electro-
cardiography during extended spaceflight. The first skylab mission. Astronautica
Acta 2:89-102, 1975.

Smith, R.F., Stanton, K., Stoop, D., Janusz, W., and King, P.H. OQuantitative elec-

trocardiography during extended spaceflight: The second skylab mission. Aviation,
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Give the following information for key professional personnel listed on poge 2, beginning ~ith the
Principal lavestigator Progrem Director. Photocopy this page for each person.

NAME TITLE BIRTHZ &~ I ‘Mea.,Coy, T
1. Reid Collmann Clinical Professor of Medicine _
EDUCATION (Beogin with boccoloureate training ond include postdoctoral)
YEAR -
R FIELD OF STUDY
INSTITUTION AND LOCATION DEGREE CONFERRED

_ U

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronologicel erder previous employment, exderie
ence, and honors. Include present membership on any Federal Government Public Advisary Committes. List, in chronological order, the titles end
complete references to recent representative publicetions, sspecially those most pertinent 1o this opplication. Do not excers 2 poges.

1954-1965 Captain, MC, U. S. Army, 2nd General U. S. Army Hospital, Lanstuhl,

W. Germany.

1965-present  Chief, Department of Gastroenterology, University of Tennessee Memorial

Research Center & Hospital, Knoxville, Tennessee.
Clinical Professor of Medicine, University of Tennessee Memorial
Research Center & Hospital, Knoxville, Tennessee.

Honors: Membership in Medical Societies:
Knoxville Academy of Medicine.

1966-present

A.S.G.E., AMA, A.S.I.M., S.M.A.,
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Peirce, E.C., I1I, Lesher, J.H., Law, W., and Collmann, I.R.

Chronic ‘occlusion of
aortic arch branches. Dis. Chest 36:542-551, 1959.

Lange, R.D., Chernoff, A.I., Jordan, T.A., and Collmann, I.R. Experience with a
hemagglutination-inhibition test for carcinoembryonic antigen: preliminary report.
In Proceedings of the First Conference and Workshop on Embryonic and Fetal Antigens
in Cancer, N.G. Anderson and J.H. Coggin, Jr., eds., 1971, pp. 379-386.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes,

R.L., Butler, T.A., and Collmann, I.R. Clinical studies of C-ll-labeled amino
acids. J. Nucl. Med. 18:638, 1977 (abstr.).

Buonocore, E., Hubner, K.F., and Collmann, I.R. Differentiation of retroperi~

toneal tumor using positron emission computed tomography. J. Comput. Asst.
Tomogr. 3(6):825-828, 1979.

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C.,

Collmann, I.R., and Gibbs, W.D. Carbon-ll-labeled amino acids for the recti-

linear and positron tomographic imaging of the human pancreas. J. Nucl. Med.
20:507-513, 1979.
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OTHER SUPPORT
(USE CONTINUATION PAGES IF NECESSARY)

For each of the professionals nomed on page 2, list, in three separate groups: (1) octive support; (2) applications
pending review and “or funding; (3) applications planned or being prepared for submission. include all Federal, non-
Federal, and institutionol grant and contract support, If none, state "NONE."" For each item give the source of support,
identifying number, project title, name of principal investigator/progrom director, time or percent of effort on the project
by professional nomed, annual direct costs, and entire period of support. (If part of a larger project, provide the titles of
both the parent grant and the subproject and give the annual direct costs for each.) Briefly describe the contents of each

item listed. |f any of these overlap, duplicate, or are being replaced or supplemented by the present application, justify
ond delineate the nature and extent of the scientific and budgetary overlaps or boundaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
(1) ACTIVE SUPPORT:

DOE Contract #DE-AC05-760R00033, "Clinical Radiopharmaceutical Development",
Dr. Karl F. Hubner: Principal Investigator, 10% effort, $110,000 Annual
Direct Costs, Period of Support 10/1/80-9/30/8l. Program is involved in the
preliminary clinical evaluation of newly developed radiopharmaceuticals.

Contract #DE-AC05-760R00033, "Radiation Emergency Assistance Center/Training
Site", Dr. Karl F. Hubmer, Principal Investigator, 90% effort, $650,000 Annual
Direct Costs, Period of Support 10/1/80-9/30/81. This program involves the
ability to receive and care for radiation accident victims, the training of

physicians, EMTs and paramedics in radiation accident handling and research
of physical effects of radiation exposure.

(2) APPLICATIONS PENDING: None

(3) APPLICATIONS PLANNED:

Resubmission of revised NIH Grant #CA29490-01, "C-1l1-Amino Acids/Positron
ECT for Pancreatic Studies," Dr. Karl F. Hibner: Principal Investigator,

20% effort, $75,750 Annual Direct Costs, 07/01/81-06/30/82, $243,400 Total
Direct Costs, 07/01/81-06/30/84.

This program does duplicate studies listed in "Clinical Radiopharmaceuticals"
(1) above, but rather extends our evaluation of amino acids by the use of

positron tomography to a complete study of compounds centering on localization
in the pancreas.
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identifying number, project title, nome of principal investigator/progrom director, time or percent of effort on the pr= ect
by professional nomed, onnual direct costs, ond entire period of support. (If part of a larger project, provide the ti* es of
both the parent grant and the subproject and give the annual direct costs for each,) Briefly describe the contents ¢’ each

item listed. If any of these overlap, duplicate, or are being replaced or supplemented by the present application, justify
ond delineate the nature ond extent of the scientific and budgetory overlaps or boundoaries.

PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:
(1) ACTIVE SUPPORT:

DOE Contract #DE-AC05-760R00033, "Preclinical Radiopharmaceutical De\}elopment"
Dr. R. L. Hayes: Principal Investigator, 100% effort, $260,000 Annual Direct
Costs, 10/0-/80-09/30/81. (Only Dr. Washburn's salary and benefits are

supported under this program. Dr. Washburn does not have individual research
support.)

(2) APPLICATIONS PENDING: None
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PRINCIPAL INVESTIGATOR/PROGRAM DIRE R Karl F. Hubner, M.D.

RESOURCES AND ENVIRONMENT

FACILITIES: Mark the facilities to be used ond briefly indicate their capocities, pertinent copabilities, relative proximity ang

extent of availability to the project. Use "‘other’’ to describe facilities at other performance sites listed in ltem 9, pege 1, ang 3+
sires for field studies. Using continuation poges if necessary, inciude o descriprion of tre nature of any collaborotion with other

ergonizations and provide further information in the RESEARCH PLAN,

Loboratery: OUT equipped radiopharmaceutical development research space consists of
o2 large (750 sq. ft. each) and 2 smaller laboratories (500 sq. ft. each),
all with fume hoods. A positive pressure '"clean room'" with 2 vertical laminar flow

benches (1 recirculating, 1 exhaust) is available for final preparation of labeled
materials before administration to patients.

[:3 Clinical: Clinical tests will be carried out at the Oak Ridge Associated Universities
Medical and Health Sciences Division facilities in Oak Ridge. The patients will come
from referring physicians at the Oak Ridge Hospital, the Knoxville hospitals, and other
nearby institutions such as Vanderbilt University. The Medical and Health Sciences

Division has a long history of cooperation with referring physicians and demonstrated

[:Jxk“H!k ability to attract patients for experimental work. All proposed clinical
studies will receive prior approval from the ORAU Human Studies Committee and the U.S.
Food and Drug Administration before they are carried out in patients.
will be obtained for each study.

B Computer:

Computer capability included in ECAT-II tomograph.

Informed consent

Bomc., Routine secretarial services.

[:]Chhu( Cyclotron Complex ). The Oak Ridge National Laboratory's 22 MeV, 86-inch

proton cyclotron is available. An alteration to the cyclotron which will permit rapid,
remote changing of targets is to be installed in the spring of 1981. A hot cell with
power-assisted manipulators is located approximately 50 ft. from the cyclotron.

MAJOR EQUIPMENT: List the most important equipment items clready availoble for this project, noting the location, and pertinent
copobilities of each. The following major equipment is already available at the Medical and
Health Sciences Division of ORAU: ORTEC ECAT II whole body positron emission computer-
ized tomography 2 HPLC chromatographs; HPLC radioactivity, refractive index, and variable

wavelength UV detectors; HPLC gradient generator and strip chart recorder with computing
integrator.

ADDITIONAL INFORMATION: Provide ony other information describing the environment for the project. [dentify support services
such as consultonts, secretarial, machine shop, ond electronics shop, ond the extent 1o which they will be avoiloble to the project.

The surrounding scientific institutions employ many individuals who are now and can in
the future be helpful in a variety of ways. Of these the Nuclear Medicine Technology
Group at the Oak Ridge National Laboratory is the closest at hand and the University of
Tennessee with its various disciplines and departments as well as the Memorial Research
Center is nearby in Knoxville. A variety of basic and clinical disciplines are repre-
sented at the Medical and Health Sciences Division itself, i.e., pathology, cytogenetics
radiobiology, ultrastructural anatomy, biochemistry, and immunology.
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U

SUMMARY OF INVESTIGATORS' RESPONSE TO CRITIQUE

The grant application has been revised in accordance with the critique of
the review committee. The budget has been amended as suggested in the critique.

The need for llCc-labeled natural amino acids (L-isomers) for studies of
amino acid metabolism in the brain, as well as for the proposed pancreatic
studies, has led us to proceed with efforts directed toward resolution of llc-
labeled amino acid racemates under our U.S.D.0.E.~supported program. Success-
ful resolution of both 11C—DL—tryptophan and 11C-DL-valine on an analytical
scale has been accomplished by high pressure liquid chromatography. Scale-up
of this procedure to a preparative scale should produce llC-L-tryptophan and
llc-L-valine in quantities sufficient for the proposed clinical studies. These
agents should be available for clinical use by the start of the second grant
year. It should be emphasized that the development of resolution techniques
will be supported from U.S.D.0.E. funds. The proposed grant would support
production of the radiopharmaceuticals for clinical use.

In accordance with the deletion of support for resolution develcpment and
as suggested in the critique, one of the research associate positions and the
secretary position have been dropped. 1In addition, projected salary increases
for the next calendar year have been included. Therefore, in order to remain

close to the critique's personnel figure, Dr. Washburn's time on the grant has
been reduced from 20% to 10%Z.

Since funds for updating the ECAT-I to an ECAT-II have been obtained from
- the U.S.D.0.E., we have, of course, deleted funds for equipment. As suggested
in the critique, we have reduced travel funds from $2,300 to $1,700 with the

specific reduction being in staff rather than consultant travel. The budget
reduction in the category of other expenses has been met by deleting support
for A. P. Callahan (ORNL) from the grant. This will mean retention of all the
funds for cyclotron time, ensuring sufficient funding for the proposed work.
In accordance with NCI policy, increases in funds for the second and third
grant years have been reduced to 6%.

Some of the points and questions raised in the critique need to be clarified.
First, the statement was made that the proposed study is limited almost entirely
to tryptophan, valine, ACPC, and ACBC, and that the development of pancreas
specific agents and studies using 14C are not covered. Such studies have
already been done. Animal studies by both our research group and others have
shown that tryptophan is by far the most pancreas specific of all the naturally
occurring amino acids. Valine is probably the second best. This also seems to

be true in the clinical studies done to date, although a few more cases are
needed to substantiate this claim,

Potential problems with liver interference were raised. Actually because
of the high pancreas-~to-liver ratios obtained with our agents (approximately

5:1 for llc-DL-tryptophan) and the use of transaxial imaging with positron ECT,
liver interference has not been a problem.

It was stated that the desirability of determining whether DL-tryptophan
or DL-valine is the best is not clear since neither racemic mixture shows

1014330
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normal/tumor selectivity. It is true that it would be preferable to use Neop-
tryptophan and llc-t-valine in such a comparison, and the early availability of
the resolved amino acids may permit this to be done.

The potential use of llc-1abeled D-amino acids for tumor imaging was
mentioned. This is a distinct possibility for some tumor types, and we are
very interested in investigating it. However, D-amino acids are also taken up

by the normal pancreas, and thus differential diagnosis of pancreatic carcinoma
using llC-labeled D-amino acids would not be practical.

The possibility of using l1c-AcpC or 11C-ACBC alone as imaging agents was
brought up. Diagnosis of tumors should be possible using this technique, but
it would be impossible to distinguish pancreatic carcinomas from other types of
abdominal tumors. Use of 11C-L-tryptophan or 11¢c-L-valine in conjunction with
11c-ACPC or 11C-ACBC would permit a differential diagnosis to be made. That
is, a pancreatic tumor would appear as a defect in the normal pancreatic image.

Since submission of the first version of this proposal, progress has been
made towards improved quantitative in vivo application of positron emission
computerized tomography. Image noise from "randoms' and scattered events has
been characterized mathematically as a convolving process and a deconvolution
equation has been developed and transferred into a soft-ware program compatible
with the PDP 11/45 computer of the ECAT-1 systems. In phantom studies we have
shown that noise removal from the data prior to image reconstruction improves
quantitative data analysis in the final images to within 107 of the true data
(this work is in print, note added references 35 and 36 on the last page of
this new proposal). In the first half of calendar year 1981, we will make
every effort to transfer the noise correction schemes of Dr. Paul King into the
ECAT-1I computer system so that adequate quantitation as proposed in this grant

application should be possible quite early during the period for which funding
is being requested.

The last point raised in the critique pertaining to diagnostic tests is
well taken. The "clinical information required" as outlined in Table 3 of the
original proposal is redundant, and we certainly did not intend to get funding
for all these tests. Rather the table was meant to indicate what kind of
studies and tests might have supported the diagnosis (or suspicion) of pan-
creatic cancer or pancreatitis in one or the other patient. Since the informa-
tion given in the table is not relevant to the proposed work, the table has
been deleted and is being replaced by a short statement: '"The routine conven-

tional diagnostic tests to support the suspicion or diagnosis of pancreatic
disease are not expected to be paid for by this grant."
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RESEARCH PLAN

A. Specific Aims

, . 11
Our overall objective is to evaluate the potential of using C-labeled natural
and unnatural amino acids in conjunction with positron emission computerized
tomography for the non-invasive differential diagnosis of pancreatic disease.

In selected patients with suspected cancer of the pancreas, the uptake and dis-
tribution of llC-labeled L-tryptophan or L-valine will be studied tomographically
in order to determine whether in man the L-isomer localizes to a higher degree in
normal pancreatic tissue than in neoplastic lesions of the pancreas, pancreatitis,
pancreatic cysts, and benign tumors. (We have observed that DL-mixtures localize
in both normal pancreas and in pancreatic carcinoma.) Success on an analytical scale
has recently been achieved in the rapid resolution of the llc-jabeled DL-racemates by
high pressure ligquid chromatography (HPLC). We anticipate that the scale-up of this
procedure to a preparative HPLC column will be completed during the first grant year.
(Funding for this development work will not come from the proposed grant.) This will
make available 1lc-labeled L-tryptophan and L-valine for the proposed studies.

These same patients will also be examined with either 11C—l-aminociclopentane—
carboxylic acid ( lC-ACPC) or llC-1-am:'mocyclobutanecarboxylic acid (1 C-ACBC),
alicyclic unnatural amino acids that we have identified as tumor-localizing agents.
The choice will be based on a determination in man of the agent having the higher
uptake in pancreatic tumors relative to that in normal pancreas. Therefore, this
research will test_the potentjal of using ““C~labeled L-tryptophan or L-valine in
conjunction with lc-acpc or 1lc-ACBC for the complete differential diagnosis of
pancreatic disease by positron tomography.

A further aim of this proposed work is to develop and test methods for the
quantitative analysis of the in vivo distribution of llc-labeled natural and un-
natural amino acids in normal pancreas and specific sites of pancreatic disease.

We propose to measure quantitatively amino acid extraction by pancreatic neoplasms
before, during, and after chemotherapy or radiation therapy, i.e., to develop a
model system for objectively gauging response of pancreatic tumors to therapy based

on metabolic parameters rather than standard radiographic or subjective clinical
evaluations.

B. Significance

Carcinoma of the pancreas is now the fourth leading cause of death among cancer
patients (1). It is usually diagnosed at an advanced stage. Although not yet
proven, it is reasonable to assume that the prognosis for patients with cancer of
the pancreas could be improved through earlier diagnosis and treatment.

The development of computer-assisted tomography (CT) and ultrasound (US) have
greatly improved the diagnostic assessment of pancreatic carcinoma, although the
diagnostic accuracy is not better than 847% for CT and 80% for US, as was shown by
Husband et al (2). Other US studies by Feinberg et al (3) gave accurate diagnostic
information in 93.8% of the cases. Haaga et al (4) diagnosed pancreatic neoplasms
with CT correctly in 28 of 32 cases whereas US was incorrect in 3 of 7 patients.
The accuracy of US in diagnosing pancreatic carcinoma varies considerably from

laboratory to laboratory, but nevertheless US seems to be quite helpful as a
screening method.

1079336
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Research Plan: Significance (continued)

A nuclear medical technique employed with some success for diagnosis of pan-
creatic carcinoma involves imaging of the pancreas with a modified amino acid, 755e-
labeled L-selenomethionine. The pancreas is known to have a selective avidity for
many amino acids (5). The use of a modified methionine is, however, not based on its
avidity for pancreas so much as on the fact that methionine contains a sulfur atom
which can be replaced by the gamma-emitting radionuclide 755e without greatly
altering the localization of the amino acid in the pancreas (6). With this technique
cancers of the pancreas are seen as areas of decreased or absent uptake when the
organ is visualized, usually by 99mTc—colloid liver subtraction techniques (7). The
procedure has been successful enough to become rather widely adopted, but it is far
from ideal for several reasons: (1) the normal variability in the shape and position
of the pancreas, (2) the presence of overlying organs anteriorly and posteriorly,
(3) poorly explained variabilities in radiopharmaceutical concentration in the organ
(in spite of various dietary regimens), and (4) high radiation dose to the patient dug
to the long physical half-life of 75se (120 days) and the long biologic half-time of
the agent (70 days). The general consensus appears to be that 755e-L-selenomethio-
nine scanning of the pancreas does not significantly contribute to the early diagnosié
of cancer of the pancreas (8,9). Other extrastructurally labeled amino acids such as
l231—4-iodophenylalanine (10), 1231-5- and 6-iodotryptophan (10), and 18r_5- and 6-
fluorotryptophan (11) have been synthesized but have not appeared to be promising
pancreas-scanning agents.

The use of radiopharmaceutical agents labeled with positron-emitting short-lived
radionuclides makes possible external detection by coincidence counting techniques
such as positron emission computerized tomography, which has the advantages of
improved resolution and localization independent of depth. This approach offers a
new non-invasive in vivo probe for quantitative and metabolic studies in man. It is
particularly appealing because metabolic precursors and physiologically active
compounds can be labeled with 11c (T1/2 = 20 min) or 13y (Tl/z = 10 min) without
changing their biological properties; therefore, accurate external physiologic and
metabolic observations that are otherwise only possible by autoradiography (Léc, 3m)
or other invasive analyses of excised tissue can be made. Furthermore, the use of

short-lived radionuclides permits sequential examinations over short time intervals
without undue radiation exposure to the patient.

The work proposed in this application involves the use of llC-labeled amino
acids in the diagnosis of pancreatic diseases by positron emission computerized
tomography. Although most naturally occurring amino acids show a significant
affinity for the pancreas, two of them, tryptophan and valine, appear from animal
studies to have the highest degree of pancreatic specificity (5, 12-14).

Washburn, Hayes, and co-workers of this laboratory have developed methods for
synthesizing ilC-labeled amino acids (15,16), and ours is at present the only
laboratory in the United States that has used these agents in positron tomographic
clinical investigations. The production method, a rapid, high-temperature, high-
pressure modification of the Bucherer-Strecker amino acid synthesis, gives racemic

mixtures of 1}C-labeled amino acids. (Reference 16, attached as Appendix A, gives
details of the method.)

Up to this point our clinical experience with 11C-labeled tryptophan and valine
has been restricted to the DL racemates (17,18) because resolution methods rapid
enough to be compatible with the 20.4 min Ty/; of 11¢ have only recently begun to be
developed for these amino acids. WNo method that allows direct 11C—labeling of the
L-forms of valine and tryptophan has been dggised.
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In order to accomplish the main task of this proposal, namely to make a signifi-
cant contribution to the differential diagnosis of pancreatic diseases, it is of
utmost importance to use the L-isomer of either 1lc-1abeled tryptophan or valine for
positron tomography of the pancreas. The optical isomers of amino acids show
distinctly different behaviors in cancer and normal pancreatic tissue. Tamemasa (19)
has shown that the L-isomers have a high affinity for normal pancreas, whereas the
D-forms tend to localize preferentially in neoplastic lesions. Therefore, the DL-fecrm
would be expected to share the characteristics of both enantiomers and concentrate in
normal pancreas and in pancreatic tumors to an approximately equal degree. We have
observed such behavior with 11C-DL-tryptophan in our preliminary clinical studies.
Thus by using the L-optical form of tryptophan or valine, we should be able to
distinguish between functioning normal pancreas and any disease processes that are
present. Malignant lesioms could then be differentiated from benign, cystic, and
inflammatory processes by using either 1lc-acpC or 11C-ACBC, alicyclic unnatural amind
acids that show preferential uptakes in tumor tissue but no affinities for inflamma-
tory lesions (20). This non-invasive technique could thus provide for the complete
differential diagnosis of pancreatic diseases, hopefully at an early stage.

Recent studies by Comar and co-workers (21) with 11C—L-methionine and positron
tomography show that neoplastic lesions of the pancreas do appear as defects in the
normal pancreatic image. (The production method for 11C-L-methionine, methylation
of L-homocysteine with 11CH3I, is not applicable to other 1llc-labeled amino acids.)
These findings, coupled with our own observations and published reports, have
prompted our interest in using llc-1abeled L-tryptophan or L-valine as differential
pancreas-scanning agents in conjunction with llc-acpc or 1lc-acse.

In collaboration with Dr. G. Digenis of the University of Kentucky, we have
successfully resolved 11C-DL-phenylalanine into its D- and L-isomers by oxidative
deamination using immobilized L- and D-amino acid oxidase, respectively (22). The
yields for 1l¢c-p- and L-phenylalanine were 19 mCi and 27 mCi. Purification was
accomplished by cation exchange chromatography, and the optical purity was

established by optical rotatory dispersion. Resolution and purification required
35 minutes.

Several reports (23-26) have appeared recently concerning direct resolution of
amino acid enantiomers by high pressure liquid chromatography (HPLC), and the
technique seems ideal for resolution of llC-labeled amino acids. We have recently
succeeded in resolving both llC-DL-tryptophan and lc-DL—valine on an analytical
scale using high pressure liquid chromatography (see Methods) (27). Scale-up of this
procedure to a preparative column should produce 11C-L—trgptophan and 1lc-r-valine in
sufficient quantity for the proposed clinical studies. The potential advantages of

this method are its speed of separation and the fewer manipulations that are required
relative to the enzymatic method.

The success of the project depends on the availability of llC-amino acid
racemates, but equally important is the development of computer capability and the
acquisition of an updated ECAT scanner (equivalent to ECAT II). The installation of
the ECAT-II system (funded by the U.S. DOE) is currently in progress and is expected
to be completed prior to the start of the proposed project. Correct staging of
malignant tumors and objective evaluation and measurement of the response of tumors
to therapy is not always possible. It is especially difficult to measure regression
of tumors early after initiation of therapy, and a method that allows objective
external measurement of biological/metabolic changes induced by treatment would be
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Research Plan: Significance (continued)

highly desirable. In this proposed research we will attempt to develop a biologic
"caliper" to measure pancreatic tumor response to therapy by using quantitative
positron emission computerized tomography to measure the fraction of 1lc-acpC or 1lc.
ACBC extracted by a tumor. This kind of test would be an extremely useful research
tool for monitoring therapy, and it could be the basis for a simple test using an
external counting method less sophisticated and less expensive than positron
tomography.

C. Preliminary Studies

On the basis of the partial success of diagnostic procedures with radiopharma-
ceuticals such as 75ge-L-selenomethionine, we have undertaken to try a series of
related diagnostic methods that take advantage of several potential improvements:

(a) As stated above, certain amino acids show a greater tendency to concentrate
in the pancreas than does 75ge-L-selenomethionine. In animal work carried out by
ourselves (13,14) and others (5,12), both DL-tryptophan and DL-valine have been
shown to have a high affinity for the pancreas. We have shown that these 1lc-1abeled
amino acids can be rapidly synthesized and purified in quantities adequate for
pancreas visualization in animals and man (15,16). Table 1 shows our production
experience for the four llc-1abeled amino acids discussed in this proposal. (The
method 1is quite general and is useful for production of many other C~labeled amino
acids.) We are able to produce multiple batches of llc-1abeled amino acids at
intervals of 1 hr or less by overlapping the various steps, i.e., generation of llC
activity, amino acid synthesis, amino acid purification, and column regeneration.

In a typical all-day run, we routinely produce four or more batches of various 1lc-
labeled amino acids for clinical or preclinical investigation.

Table 1
11C-Labeled Amino Acid Production at M&HSD/ORAU
(Through October 15, 1980)
Total Number Total

Highest
Number Patient Activity Average Yield
Amino Acid Batches Studies (mCi) mCi/batch (mCi)
llC-DL-Valine 49 28 8,260 170 360
11C—DL—Tryptophan 74 67 9,110* 123 330
1le_acec 79 62 7,952* 101 300
11C—ACBC , 54 50 7,665 142 420

In early development of these compounds the total yield was almost zero, so
total activity and average per batch were quite low.

(b) Ve can take advantage of the special radiation characteristics of 11C.
Decay by positron emission is accompanied by the production of two annihilation
photons emitted at an angle of 180° to each other. Using recently developed instru-
mentation that utilizes these coincident annihilation photons and the techniques
assoclated with transmission computerized tomography, it is possible to reconstruct
cross—sectional images that show three dimensionally the source of positron-emitting
activity in the body (28, 29). The distinct advantage of this type of imaging is
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Research Plan: Preliminary Studies (continued)

that it provides high resolution and avoids image distortion due to overlying radio-
activity and that the image is subject to quantitative analysis (30). The Medical
and Health Sciences Division of Oak Ridge Associated Universities has applied a
commercially available positron emission computerized tomographic scanner (ECAT I) to
clinical investigations since May 1977. By combining the advantages of 1lc-1abeled
DL-tryptophan or DL-valine with this optimal type of imaging, it was anticipated that
greatly improved pancreatic diagnostic results could be obtained. Carcinomas were

expected to be seen as zones of decreased or absent concentration as is the case with
755e~L-selenomethionine.

(c) Based on this concept, we also developed a method for labeling the unnatural
alicyclic amino acids l-aminocyclopentanecarboxylic acid (ACPC) and l-aminocyclo~-
butanecarboxylic acid (ACBC) with 1c because of their potential as tumor-localizing
agents, particularly when used in conjunction with positron tomography (31,32). Thus
lEC—ACPC and 1lc-ACBC were developed for confirmatory studies on malignancies sus-
pected on 11C—DL-tryptophan or 11¢-DL-valine pancreas scans.

Our results have shown that positron tomographic imaging of the pancreas with
11C—carboxyl-labeled DL-tryptophan and DL-valine allows physiologic studies by
imaging and has the potential to measure in vivo the utilization of metabolic sub-
strates or analogs. Positron tomographic studies (examples are shown in Appendix B)
supplement the morphologic information obtained by ultrasound (US) and transmission
computerized tomography (CT). A group of 29 patients with proven or suspected pan-
creatic disease was examined with positron ECT; 18 of these subjects were also
studied with US and transmission CT. 1In 26 patients with known clinical outcomes,
positron tomography gave one false positive and three false negative results (17).
Ultrasound_and/or transmission CT failed to show three proven lesions. Increased
uptake of 11C~DL-tryptophan delineated three pancreatic carcinomas and one lymphoma.
In normal subjects positron tomography with these agents invariably showed the pan-
creas with striking clarity. These observations indicate that positron tomography
provides a unique method for visualizing biologic activity and that quantitative
analysis of amino acid utilization should be possible with this non-invasive techni-
que. The fact that selective pancreatic localization of these agents occurs almost
immediately after intravenous injection means that the short half-life of 11C rather
than being a disadvantage is on the contrary actually an asset in terms of lowered
radiation dose and the possibility of frequent repetition of scans.

We have shown the general usefulness of the unnatural amino acid 11C-ACBC as a
tumor-localizing agent in conjunction with positron tomography.

experience with 11C-ACBC is limited to 33 patients.
concentrate 11

Our present

The variety of neoplasms that
C-ACBC very rapidly after intravenous injections includes broncho-

genic carcinoma, metastatic mammary Ca, lymphomas (33), and poorly differentiated
carcinomas, as well as cancer of the pancreas. C-ACBC cannot be metabolized and

shows promise as a useful tool for measuring the metabolic activity and/or the
proliferative stage of tumor tissues.

Our finding that the racemic forms of 11C—valine and 11C-t;ryptophan localized to
a significant degree in pancreatic neoplasms was unexpected. We had expected_to see
carcinomas as zones of decreased or absent concentration as is the case with ’9Se-
L-selenomethionine. Especially in view of findings published by Tamemasa et al
(19), it is likely that the presence of the D isomer is responsible for the tumor
affinity observed with the amino acid racemates we used in our studies.
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A crucial factor involved in the success of the proposed project involves
quantitation using an ECAT positron emission computerized tomograph. In the course °
of over 3 years experience in patient studies and intentional computer program
challenges in phantom studies, we have observed some serious deficiencies in the
performance of our ECAT; i.e., phantom studies indicate that reconstructed data, in
terms of calculated image '"quantity" versus "dose", is not a linear function. The
amount of isotope measured in a particular region of a reconstructed image is both
a function of the image size (34) and the amount of isotope present (a non-linear
function, due to randoms)! The "measured" amount of activity in an area, as a
function of time, if the effect of count rate were to be ignored, is of little signi-
ficance in the pancreas, as the size of that organ does not change significantly.
However, the ability of the pancreas to extract the various labeled agents which we
propose to use, and therefore the relative amount of Compton and random scatter
contributing to a calculation of relative isotope uptake, will influence our measure-
ment of the rate of suppression (or lack thereof) of the cancerous tissues' growth.
Our experience with calculations on phantoms has dramatically shown the effect of
both image size (equivalent in part to tumor size) and count rate (equivalent to tumor]
uptake) on quantification of our results. A 30% or greater variation in count rate

per cm® has not been uncommon in our data, despite efforts to correct the data for
known non-linearities.

We have improved on the basic software provided with the original ECAT I systen,
initiating procedures involving multi-level transmission image data correction,
Compton scatter correction, outlier data squelching, background subtraction routines,
etc., but we are still in need of better data, as collected, to quantify and con-
fidently analyze our results.

A new version of the ECAT, ECAT II, overcomes to a great extent the problems we
have encountered with our ECAT I. We, therefore, are in the process of updating our

ECAT I electronically to an ECAT 1II, and this work should be completed prior to the
start of the project.

D. Methods

Resolution of 11C-labeled amino acids

An essential part of this proposal is the development of synthetic techniques
for rapidly resolving the racemic mixtures of llc-1abeled amino acids which result
from the modified Bucherer-Strecker synthesis. Our production method (16) has
produced up to 330 mCi of llc-DL-tryptophan and 360 mCi of llC-DL-valine in a total
synthesis and purification time of 40-45 min, one-half of which is devoted to syn-
thesis and the other half to chromatographic purification. (See Appendix A for
details.) Because of our high production capability, we should, therefore, be able
to separate the L-isomers from these racemates and still have more than an adequate

amount of ““C-labeled L-tryptophan or L-valine for clinical studies (Vv 10-15 mCi
will be required).

We propose to combine resolution and purification through use of recently
developed chromatographic techniques. This should result in an overall synthesis,
resolution, and purification time which is compatible with the 20.4 min half-1ife
of llc. This production time could, in fact, be no longer than the 40-45 min
currently required for llC-labeled racemic amino acids.
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1
Based on our preliminary clinical studies using 11C-DL-tryptophan and lC-DL-

valine (see Preliminary Studies) and animal studies by both our group (13,14) and

others (5,12), tryptophan appears to be considerably more specific for the pancreas
than valine. Proposed studies during the first year of support will further compare
the two agents (see following section on proposed clinical investigations). 1If lc-

DL-tryptophan is indeed shown to be superior, our resolution efforts will be concen-
trated on this agent.

The method of choice for resolution of llC-DL—trgptophan and llC-DL—valine appear
to be high pressure liquid chromatography (HPLC). Since 1lc_jabeled natural amino T
acids are greatly needed for studies of amino acid metabolism in the brain, as well
as for the proposed pancreatic studies, we have proceeded with efforts directed
towards resolution of 1lc_jabeled amino acid racemates under our U.S. DOE-supported
program. Successful resolution of both 11C-DL-tryptophan and 1lc-pr-valine on an
analytical scale has been achieved. The sample resolution in Appendix C shows that
complete resolution of llc-DL-trgptophan can be accomplished in 18 minutes at a flow
rate of 3.0 ml/minute. A commercially available reverse phase HPLC column (Spheri-
sorb ODS, 5 y) and a chiral mobile phase (0.017 M L-proline, 0.008 M cupric acetate
in water) are used.

The method involves formation of a diasterecisomeric complex between cupric ions
and the two amino acids, L-proline and the amino acid to be separated. In the case
of resolution of DL-tryptophan, for example, the possible complexes are L-proline-
Cu-D-tryptophan and L-proline-Cu-L-tryptophan, which are diastereoisomeric and can
be separated by HPLC. The complex with tryptophan is more strongly bound by the
HPLC support than the valine complex; therefore, a flow rate of 3.0 ml/minute is

required to elute both tryptophan enantiomers in 17-18 minutes whereas 0.5 ml/minute
will elute the valine enantiomers in the same time.

The eluent fraction containing the desired L-enantiomer can be collected using,
in the case of llc-labeled amino acids, a radioactivity monitor. This fraction still
contains cupric acetate and L-proline, so a final purification step will be requires
prior to use,, This can be accomplished by cation exchange chromatography and is
simpler for ~~C-L-tryptophan than for llC—L-valine. For 11C-L-tryptophan, the
acidified solution is simply loaded onto a cation exchange resin (AG 50W-X2, 50-100
mesh) and the resin assists in breaking up the complex with cupric acetate and L-
proline. These components are washed through while the llc-L-tryptophan is bound by
the resin; after washing thoroughly with IN HCl and with water, the amino acid is
eluted with 0.2 N NaOH. The complex between 11C-L-valine, cupric acetate, and L-
proline cannot be broken in this way. It is necessary to precipitate the copper
using hydrogen sulfide, acidify, and filter to remove the cupric sulfide prior to
loading onto the column. Excess hydrogen sulfide is easily removed by washing the
column well with water prior to elution of the le-r-valine with 0.2 N NaOH, but
1leor-valine apparently cannot be separated from L-proline by this method. This

should not be a problem, however, since appreciable quantities of L-proline are
found in the blood stream.

Scale-up of this procedure to a preparative HPLC column should produce 11C-L—
tryptophan and ~“C-L-valine in gquantities sufficient for the proposed clinical
studies. This should be completed by early in the first grant year. Tissue distri-
bution studies using the C-labeled resolved amino acid to be studied clinically
will be performed in two animal species iIn support of an Investigational New Drug
(IND) application to be filed with the U. §. Food and Drug Administration; the agent
will then be made available for clinical use by the start of the second grant year.
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Clinical Investigations

: 11 . . . . . . .
Clinical investigations using C-labeled amino acids in conjunction with positron
emission computerized tomography will be divided into three phases over the 3-year
study period.

During the first year emphasis_will be placed on comparison of 11C—ACPC and 11C-
ACBC and of 11C—DL—tryptophan and 11C-DL-valine with regard to differential uptake in
pancreas versus tumor in patients with strongly suspected pancreatic carcinoma. By
the end of the first year our studies will be expanded beyond imaging into quanti-
tative measurements of amino acid concentrations in pancreatic tumors before, during,
and after treatment (see Quantitative Imaging). 1In the second year the 1lc-1abeled
L-form of tryptophan or valine is expected to be available for clinical use. These
clinical studies will then be completed in the third year.

Clinical investigations in the first year will first focus on comparing 11C—ACPC
and l1lc-AcBC using positron tomography in patients with suspected pancreatic carci-
noma to determine whether 1lC-ACPC might have an advantage over 11c-ACBC in the
diagnosis of pancreatic tumors. Our previous experience with 1lc-ACPC and rectilinear
scanning (20) has shown that little llc-AcPC is taken up by the human pancreas, but
high concentrations of this unnatural amino acid have been observed in pancreatic
tumors. On the other hand 11C-ACBC seems to concentrate almost as well in normal
pancreas as in tumors of the pancreas. 11C—DL-Tryptophan and 11c-DL~valine will be
similarli compared to further investigate the apparently greater pancreatic specifi-
city of lC-DL-tryptophan found in preliminary studies. In a separate study, we are
planning to investigate the efficacy of 1lc-1abeled amino acids in conjunction with
positron tomography for assessing the response of pancreatic carcinoma to theragi.
This group of patients will be examined before, during, and after therapy with 1+C-
ACPC or 1lC-ACBC and llC—DL-tryptophan or 11c-DL-valine {(depending on the results of
the initial comparison of the two pairs of amino acids). The protocol for the first
year is outlined in the following table (Table 2):

Table 2
Clinical Investigations During First Year

*
No. Patients Patient Selection Criteria Scanning Agent
8 Strongly suspected pancreatic Ca (pain, 1¢c-acpc and 11lc-ACBC on
weight loss, steatorrhea and jaundice) same day
8 As above 1lc-pL-Tryptophan and
1lc-pL-valine on same day
10 Patients receiving chemotherapy andigr 1lc-acpc (or 11C-ACBC) and
radiation therapy for pancreatic Ca 11C-DL-tryptophan (or
1lc-pL-valine) on same
day x 3
—

The conventional diagnostic tests to support the suspicion or diagnosis of .

pancreatic disease are not expected to be paid for by this grant.
*k

Positron tomography scans with the two preferred scanning agents will be done
before, during, and after a course of therapy.
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The endpoints of the first year's studies will be the following:

1. Decision on the superiority of llC-ACPC or 1lC-ACBC for selectively imaging
pancreatic cancer with positron tomograghy

2. Decision on the superiority of 1C-DL-tryptophan,or llc-pL-valine for imaging
normal pancreatic tissue with positron tomography.

3. Collect scan data on 10 patients receiving treatment for pancreas carcinoma
for quantitative analysis by the end of the first year of funding period. We
anticipate that we will have available an accurate quantitative ECAT II system for
in vivo metabolic studies. Use of the updated ECAT system (ECAT II) should not only
yield data amenable to guantification, but should also give us the advantage of
simultaneous image reconstruction conjoint with image acquisition; this will allow fon
immediate rescanning, thus providing efficiency in instrument use.

4. Determine correct diagnosis.

5. Determine morbidity and risk factors.

In the second year we will expand the series of quantitative in vivo studies by
5 patients in the pancreas cancer therapy group and also study patients with chronic
pancreatitis during different phases of their disease. Each patient will be examined
three times during the course of the disease as outlined in Table 3.

In addition, we project that 11C-L-tryptophan (or 11C-L-valine) will become
available for clinical use by the start of second grant year. Therefore, 10
patients with suspected pancreatic carcinoma will be studied using llC-L-tryptophan
(ox llc_r-valine) in conjunction with 1lc-acpc (or 11c-ACBC) in a preliminary test
of this regimen for differential diagnosis of pancreatic carcinoma.

Table 3

Clinical Investigations During Second Year

No. Patients Patient Selection Criteria Scanning Agents
5 Patients receiving chemotherapy andior 1lc-acec (or 11C-ACBC) and
radiation therapy for pancreatic Ca 11C-DL-tryptophan (or 1lc-

DL-valine) x 3
5 Patients with chronic pancreatitis™ 1lc-acPc (or 11c-ACBC) and

11C-DL-tryptophan (or 1lc-
DL-valine) x 3

10 Patients with suspected pancreatic ca** llc-aceCc (or 11C-ACBC) and
11C-L—tryptophan (or 1llc-
L-valine)
*
Positron tomography scans will be done with the two preferred scanning agents
at several stages of the disease.
*k

Patients in whom the diagnosis of pancreatic carcinoma will be made might be
entered into the treatment group if funds for cyclotron time are available.
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Endpoints of the studies projected for the second year are to:

1. Determine the effect of successful treatment and tumor progression on the
uptake of 1lc-acPC (or 11c-ACBC) and 11C-DL-tryptophan (or llc_pL-valine) in patiezts
undergoing therapy for pancreatic carcinoma.

2. Determine the effect of the phase of pancreatitis on the uptake of the same
agents.

3. Determine whether ECAT II techniques can be applied to quantitate accurately
amino acid extraction/utilization by tumors of the pancreas.

4. Determine whether the prognostic information obtained with this approach
corresponds with the clinical response to therapy.

During the third year clinical studies with llC-L—tryptophan (or 11C-L--valine)
in conjunction with 11C-ACPC (or 11c-ACBC) to determine the potential of this method
for the non-invasive, accurate diagnosis of pancreatic carcinoma will be completed.
In addition the quantitative studies in patients undergoing treatment for pancreatic
carcinoma will continue through the third year. The outline for the clinical studied
during the third year is given in Table 4.

Table 4
Clinical Investigations During Third Year
No. Patients Patient Selection Criteria Scanning Agents
[ ]
10 Suspected pancreatic carcinoma 11C—L-Tryptophan (or 11
L-valine) and llc-acpc
(or 11lc-ACBC)
10 Patients with proven pancreagic carci- 11C—L-Tryptophan (or llc-
noma undergoing chemotherapy L-valine) and llc-acpc

(or 11c-acBC) x 3

4
Patients in whom the diagnosis of pancreatic carcinoma will be made might be
entered into the treatment group if funds for cyclotron time are ava:ilable.

Patients in this group will be scanned one time each before, during, and after
the first course of cyclic chemotherapy.

Endpoints of clinical investigations in the third year will be to:

1. Verify in humans the potential utility of positron tomography using a com-
bination of a natural llC-labeled L-amino acid to visualize the normal pancreas and
an unnatural llC-labeled amino acid for the differential diagnosis of pancreatic
disease.

2. To provide evidence that in vivo measurements of amino acid extraction/
utilization by pancreatic cancer could be applied to accurately gauge the response
of such cancers to therapy.

3. To collect information for a comparative cost analysis between conventional
staging and gauging procedures used in developmental chemotherapy protocols and the

in vivo measurements of the proliferative activity of pancreatic cancers as planned
for this proposal.
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Quantitative Imaging

It is well recognized that unwanted scattered radiation events occur as a
function of scattering medium and count rate. True coincidence counting and the
development of high quality images and accurate quantitation is the goal of positron
tomography systems with their associated computational programs.

In our present system (ECAT I), singles, accidental coincidences, and scattered
coincidence events tend to mask the true coincidence data. Extraneous events,

accepted as true events, have accounted for up to 60% of the data collected in scans
of phantoms using this system at high count rates.

In several of our phantom studies we have made attempts to linearize the response
of our system to known concentration levels in the field of view. Computation techni-
ques used have included background subtraction of data from the collected images and
the development of software to estimate body densities and produce a refined body
attenuation estimate for use in back projection algorithms.

Consistently, we have found that whatever technique we use, our correction scheme
must take into account the total count rate of the system. For example with a low
count rate phantom we found it best to back project using an 8% background subtract

figure, but the same phantom required almost a 16% correction when the phantom count
rate was four times as high.

The addition of a delayed coincidence gate and other associated hardware and
software improvements available in the ECAT Il system will allow us to estimate the
amount of “random" coincidences occurring in the image as it is collected and permit
real time or later "randoms" correction. While this technique will not remove all
unwanted events, it will tend to linearize the system with respect to its present
intensity versus count rate nonlinearities. At this point, our image correction
routines could be more appropriately, and presumably universally, applied.

We shall specifically therefore continue software development which will yield
improved images, by acquiring experience with both patient and phantom studies, and
applying and upgrading our analysis schemes. Our present schemes, as mentioned,
include operations such as background subtract, outlier squelching, normalization,
transmission data file manipulation, etc. It is anticipated that some combination
of these methods, including perhaps an as yet untried Compton scattering correction

|
\
\

routine, will yield a computational protocol which will be invariant from phantom to
phantom, count rate independent, and linear (35, 36).

Listed below are some of the computation techniques we will study:

1. Emission Data Corrections:

a. Background subtraction techniques

(1) Constant value
(2) Percentage of maximum

(3) Ramp(s) calculated from data files to edge of body
(4) Combinations of 1,2,3

(5) Nonlinear amount based upon square of count rate

b. Blanking outside body outline
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2. Transmission Data Corrections

a. Single level transmission data estimation
b. Multilevel body outline estimation
¢. Data bounding, smoothing

3. Transmission-corrected Emission Data

a. Data bounding (outlier squelching)
b. Data projection normalization
¢. Randoms subtraction (linear and nonlinear)

Our approach to quantification will include detailed studies of the effects of
scattered radiation on the quality of our collected ddata. For example, a typical
human torso, if modeled as an ellipse, might be 15 cm along the short axis and 30 cm
along the long axis. A point source, located at the origin of this ellipse, would
not be equally sensed in all projections, due to varying thicknesses of material
between_the source and sensor. In fact, using an attenuation coefficient of
0.1 cm™*, only 7.4 to 22.5% of the radiation would be sensed in any given projection,
compared to the non-attenuated case.

At 511 kev, for water, only 357 of incident gamma rays are absorbed in Compton
scattering, the remainder are primarily forward scattered albeit at a degraded
energy level. It is apparent from our phantom studies that some of this forward
scattered radiation must be being detected, as calculations on both emission and
transmission data show increases in count rate levels over that predicted by theory
for phantoms with attenuation. This data has been confirmed both by comparing
sensed radiation levels for various phantoms involving several levels of activity,
and by comparing transmission data through known thicknesses of water with that of
air. Further, from observation of all phantom and patient data, we note that

radiation is sensed in all areas of the initial data files where there is only air
present.

Preliminary data has indicated to us that the Compton scattering phenomena, at
least as measured in air outside our phantoms, might be mathematically modeled as
arising from a convolution of an exponential function with an apparent true dis-
tribution. The rate of fall of the exponential function seems somehow to be related

to the attenuation properties of the phantom. An explanation for this behavior
will be one of our goals.

E. Human Subjects

l. It is anticipated that approximately 30 patients with proven cancer of the
pancreas, and 35 patients with strongly suspected cancer of the pancreas will be
studied during a 3-year period. Pregnant women and patients under 18 years of age
will not be included in the study. Racial or ethnic background of the patients is
no selection criterion, and only patients capable of giving informed consent will be
accepted to participate in the clinical investigations outlined in this proposal.

2. Recruitment and initial consent of prospective patients will be

respectively obtained by referring physicians who are collaborators in the project
or local physicians who are familiar with the project. After the initial dis-

cussion with their primary physician, the patients will be informed about the pro-
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cedures and tests about 1 to 2 hours prior to the examination. The consent forms 5
be used are approved by the ORAU/ORNL Committee on Human Studies, consent will be
usually obtained by a physician Involved in the project. The purpose of the proceZire,
the chemical aspects with regard to the amino acids and the radiclogical aspects with
regard to the llc-1abel of the radiopharmaceuticals as well as the scanning procedure
will always be discussed with the patient. The discussion takes place usually in the
presence of a nurse, and the patient is encouraged to ask questions and reminded trat

he can withdraw from the study at any time. The signed consent forms are to be ke::
in the patient's record.

3. There are no physical risks other than the radiation dose (compatible with
extensive diagnostic radiographic procedures); there are no psychological, social or
legal risks. There are no alternative methods for the in vivo metabolic studies
proposed in this application. :

4. The activity level (llC) of the amino acid dose iIs to be kept at 14 mCi which
is less than 30% of the dose approved by the FDA for a 70 kg person.

5. Potential benefits include information on the extent of the disease and
possible useful metabolic information on tumor growth for therapeutic decisions.

6. The risk as related to potential benefits is minimal.

F. Laboratory Animals

None involved.

G. Consultants

Dr. Paul King of the Department of Biomedical Engineering, Vanderbilt Universitv,
Nashville, Tennessee, will be a consultant to the project. Dr. King has a high level
of expertise in the area of software development for improved computer applications
with the ECAT positron tomographic scanner.

Drs. I. R. Collmann of the University of Tennessee Memorial Research Center and
Hospital, Knoxville, Tennessee, and G. Avant, Vanderbilt University Hospital,
Nashville, Tennessee, are gastroenterologists who will refer patients for the proposed
studies and consult with the principal investigator on the clinical protocols to be
followed and the interpretation of the clinical data.

Mr. A. P. Callahan of the Nuclear Medicine Technology Group, Oak Ridge National
Laboratory, will be involved in hot cell operation and general consultation in the
area of radioactive syntheses (at no cost to the project). The 86-inch cyclotron
and associated hot cell facilities are to be made available for production of the
llc-labeled amino acids which will be used in the proposed studies.

H. Consortium Arrangements

Use of Department of Energy (DOE) Facilities and DOE Contract Requirements

This research grant application includes a segment of activity which would be
performed in facilities of DOE and governed by an existing contract between Oak
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Ridge Associated Universities (ORAU) and the DOE. The DOE has reviewed this proposal
and has concurred in ORAU conducting the described work in the DOE facilities made
available for biomedical research, subject to payment to the DOE by ORAU from NIH funds
of the applicable direct and indirect cost of the work (not including any charge for
the use of DOE facilities) as determined by the provisions of DOE's contract with
ORAU.

It is believed that in large measure the requirements of the DOE contract parallel
conditions which NIH ordinarily applies to its grants. In the event of differences
between NIH grant terms and the DOE contract terms, ORAU is agreeable to meeting both
to the extent that they are not in conflict, and to applying those most favorable to
the United States Government where this is involved. If NIH is aware of problems which
such an approach would produce or suggest, ORAU upon receipt of such advice would
refer the matter to the DOE for direct resolution with NIH.

By way of general information, ORAU's contract with the DOE is a cost-type contracy
financed under a Govermment-fund account. The specific contract work is formulated in
cooperation with the DOE and authorized within general guidelines in the contract.
Contract terms include DOE responsibilities for Government ownership and control of
inventions, data, and other research products. Ownership of all equipment and
facilities acquired by ORAU with DOE funds is vested in the U. S. Government at the
time of acquisition. The contract also contains all the terms generally common to

Government contracts of the type under which ORAU conducts research operations in
Government-owned facilities.

Collaborative Arrangements

The radiopharmaceutical development/nuclear medicine programs of the Oak Ridge
Associated Universities Medical and Health Sciences Division have a long-standing
collaborative arrangement with Oak Ridge National Laboratory, particularly the
Nuclear Medicine Technology Group (Health and Safety Research Division) and the staff
associated with the 86-inch cyclotron (Operations Division). These collaborative ties
date back to joint participation in a grant proposal entitled "ORAU/ORNL Study of
Carbon-11 in Nuclear Medicine," which was funded by NCI in 1974; continued collabor-
ation will be very important in the proposed project. The principal investigator and

the applicant organization are prepared to establish in writing the required inter-
institutional agreements.
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A. Reprint of reference 16 (Washburn, L.C., Sun, T.T., Byrd, B.L., et al.
High~level production of C-ll-carboxyl-labeled amino acids. In Radio-
pharmaceuticals II, Proceedings of 2nd International Symposium on
Radiopharmaceuticals, Seattle, Wash., 1979, pp. 767-777).

B. Examples of positron tomographic scans obtained with llC-labeled amino acids.

C. Example of analytical-scale resolution of 11C—DL—tryptophan using high pressure
liquid chromatography.
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LU DEPARTMENT OF ENERGY

4PR 15 580 memorandum

REPLY TO

attn or EV-30

sussecT  QRAU "Work For Others" Research Proposals

T0 K. M, Haythorn, Director
Energy Programs and Support Division, OR

The OHER has reviewed the following ORAU "Work For Others" research
proposals, and we have determined that the proposed work is of direct
programmatic benefit to DOE. In confirmation of my staff's verbal approval
to Robin L. Spradien on 3/10/80, we approve their submission to the
appropriate sponsors for funding consideration:

1. "Nutrition and Resistance of Lung Cells to Oxidants," grant application
20-80-80, Richard M. Arneson, principal investigator. [Sponsor: NIH,
3 years for $264,600 total direct costs with $97,700 first year
(12/1/80 - 11/30/81), $80,700 second year, and $86,200 third year.
P. L. Johnson, ORAU, letter of 2/5/80 to K. M. Haythorn, OR.
K. M. Haythorn, OR, memorandum of 2/12/80 to W. W. Burr, EV-30,
recommended approval at fund cost.]

2. "C-11-Amino Acids/Positron ECT for Pancreatic Studies," grant application
20-81-80, Karl F. Hubner, principal investigator. [Sponsor: NIH,
3 years for $475,425 total direct costs with $225,675 first year
(12/1/80 - 11/30/81), $127,250 second year, and $122,500 third year.
P. L. Johnson, ORAU, letter of 2/15/80 to K. M. Haythorn, OR.
K. M. Haythorn, OR, memorandum of 2/25/80 to W. W. Burr, EV-30,
recommended approval at fund cost.]

y/) ZL)/éiiev%v }

!
W. W. Burr, Jr.,/M.D., Director
Office of Health and Environmental
Research, Office of Environment

1014350



Oak Ridge
Associated
Universities

March 24, 1980

Mr. Kenneth M. Haythorn, Director

Energy Programs and Support Division
Department of Energy
Oak Ridge, Tennessee 37830

Subject: GRANT APPLICATION ENTITLED C-11-AMINO ACIDS/POSITRON ECT FOR
PANCREATIC STUDIES

Dear Mr. Haythorn:

Enclosed are three copies of a grant application for a new project
entitled C-l1l-Amino Acids/Positron ECT for Pancreatic Studies. Draft
copies of this proposal were forwarded to your office for review on

February 15, 1980 and approval for transmittal was given by Dr. Benson
on March 24,

The proposed research will be carried out under policies and procedures

previously established between ORAU and DOE and will be supervised by
Dr. Karl Hibner.

We will keep you advised concerning the status of this grant.
Sincerely,
};4?hilip L. Johnson
Executive Director

RYAN:br

Enclosures
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Oak Ridge Post Office Box 117
Associated Oak Ridge. Tennescee 37330 Erecutive
Universities Telephone 613 5376-3200 Criice

March 24, 1980

Isidore Cohn, Jr., M.D.

National Pancreatic Cancer Project
L.S5.U. Medical Center

1542 Tulane Avenue

New Orleans, Louisiana 70112

Dear Dr. Cohn:

Enclosed are twenty copies of a grant application entitled C-11 Amino-
Acids/Positron ECT for Pancreatic Studies. This project will be supervised
by Dr. Karl F. Hiibner.

Oak Ri&ge Associated Universities is a nonprofit corporation sponsored
by 50 Southern colleges and universities. The major portion of its activities
are carried out under a long-term operating contract with the U. S. Department

of Energy. Certain conditions arising from this relationship between ORAU and
the DOE are set forth under Section E of this application.

If questions should arise during the review of this proposal, please .
do not hesitate to call Dr. Hiibner at area code 615, 576-3098. :

Sincerely,

Philip L. Johnson
Executive Director

br

Enclosures

bee: Mr. Kenneth M. Haythorn DOE ORO (3) <«
Executive Office (2)
K. F. Hiibner
J. T. Crockett
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-. — SECTION 1
DE? R TNMENT S KU nLIHW, EDUCATION, AND WELFARE LEAVE BLANK
PJLLC “EALTH SERVICE PROJECT NUMBER

RESEARCH OBJECTIVES
NAME AND ADORESS OF APPLICANT ORGANIZATION

Oak Ridge Associated Universities, P.O. Box 117, Oak Ridge, Tennessee 37830

NAME . SOCIAL SECURITY NUMBER, OFFICIAL TITLE, ANO OEPARTMENT OF ALL PROFESSIONAL PERSONNEL ENGAGED ON

PROJECT, BEGINNING WITH PR NVESTIGATOR

Karl F. Hubner, # Chief Clinician, Nuclear Medicine; Lee C. Washburn, -
JR Scientist, ochemistry; Raymond L. Hayes, WM., Chief Scientist,
Radiochemistry; Paul H. King, NN Assoclate Prof., Biomedical Engineer;

G. A. Digenis, \WiSMENEEERS, Consultant, Radiopharmacy; I. R. Collmanngiiuume
Prof. Medicine, Gastroenterology; S. Krauss, "N Director, Hematology-Oncology.

TITLE OF PROJECT
-11- / F CREATIC STUDIES

UsSk fmilsrﬁ?:qg Aﬁfl?fcvpsggz Eeg ECE% REO : AI:QA&N. ou LIINE BXECTIVES AND METHODS. UNDERSCORE THE KEY WORDS

(NOT TO EXCEED 10} IN YOUR ABSTRACT, .
Cancer of the pancreas is one of "the leading causes of death among cancer patients.
This can be attributed in part to the fact that a definitive diagnosis is usually made
only at an advanced stage of the disease. We have shown, using positron emission
computerized tomography (positron ECT) that 1lc-1abeled DL-tryptophan and valine show
high preferential uptakes in normal pancreatic tissue and that their uptake in pan-
creatitis is highly depressed. Since the L-isomers of these two amino acids have an
affinity for normal pancreas while the D-isomers tend to be preferentially taken up
by tumor tissue, approximately the same C-concentrations are observed in both normal
and malignant pancreatic tissues when the DL mixture is administered. We propose to
develop rapid methods for the separation of the L-isomers of tryptophan and valine
from their llc-labeled racemates. Using these purified agents pancreatic cancer
would then be observed as zones of decreased or absent 1l1C pancreatic deposition in
the three-dimensional cross-sectional images obtained with positron ECT. Confirmation
of the presence of a malignant lesion(s) could then be made with 1lc-labeled
l1-aminocyclopentanecarboxylic acid or its cyclobutane analog, radiopharmaceuticals
which we have shown to be effective tumor-localizing agents having low affinities for
inflammatory lesions. This diagnostic protocol should thus provide a non-invasive
method for the complete differential diagnosis of pancreatic disease. We also propose
to use positron ECT to make guantitative measurements of the effect of therapy on the
extraction/utilization of amino acids by pancreatic neoplasms as a possible method
of metabolically gauging individual tumor responses to treatment.

LEAVE BLANK
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SECTION i1 — PRIVILEGED COM,

. NICATION

Fnom THROUG ™
T FOR FIRST 12MONTH PERIOD .
DETAILED BUDGET FO 12/01/80 ©1/30/81
DESCRIPTION (/temitel} Yoo OR AMOUNT REQUESTED Omit conts)
PERSONNEL €crony FRINGE
RS, ALARY TOTAL
NAME TITLE OF POSITION s SALA BENEFITS
Hitbper. Karl F, PAINCIPAL INVESTIGATOR 20 9.130 1,435 10 763
Yashburn  lee C Scientist —_ 20 £.200 1 2.0 BEEANS
Haves. Ravmand 1 Chief Scientist .S NO (CHARGE
Gihhs . lLim, D Scientist 25 2,420 1,500 2. .8720
Sun. Tan Tan Rg_sga;gh_jssn.c_iaz_e S0 11,125 2 LS50 13 878
Byrd, Bill : : so | 13 825 1,050 16 8IS
Larden, Blanche Secretary 20 2,250 250 3,500
50,500 10,625 61,125
CONSULTANT COSTS Paul King, Associate Professor, Biocengineering. Vanderbilt U,
(Eses will be Albert Avant, Chief, Div. of Gastroenterologv, Vanderbilt U,
§130/ ay for R.I. Collmann, Gastroenterologist, Kpnoxville, TN
Dr. King only) G, Digenis. Professor, School of Pharmacy, Univ, of Kentucky 1,600
EQUIPMENT
Hard and Soft-ware to update ECAT I to ECAT II*
*see page 4a
121.000
SUPPLIES Computer Discs S900
Phaotographic and Parjent Supplies =1 000
Chemicals & Chramatagraphic Supplies = 1 000
Classware =300
l;"l(ﬂ
pomesTic 1,100 for Consultant Travel (Dr. Paul King)
TRAVEL Jﬁ?ﬂﬂ for ctaff rravugl to AAMMSB '7,'1{'\0
FOREIGN
PATIENT COSTS (See instructions)
Patient transportation and lodging: 30 trips @ $50/trip__ 1.500
)
ALTERATIONS AND RENOVATIONS
OTHER EXPENSES {ltemize] __4A__P__ Callahan, S Technician—l0—time
Salary.—benefits—ORNL—Overhead—3$8,500
— Lyclotron Time, 25 runs @ 800 ea - $20.000
ECAT maintenance and repair = S3 500
Publication Cosrs - $%00 32 000
TOTAL DIRECT COST (Enter on Page 1, Item 5} 5.
2725 £18
DATE OF DHEW AGREEMENT: "
INDIRECT % SaW® O waiveo
COST . ] UNDER NEGOTIATION WITH:
(See Instructions) S2.83 __%7T0C* Prouvisional:. 12/9/79
*{F THIS IS A SPECIAL RATE [e.g off-site], SO INDICATE,
NIN 398 (FORMERLY P18 398) PAGE 3
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© VOWIELEGED COUMMUNICAT IOl
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DIRECT COSTS ONLY (Omit Conts)

W "GEY ESTIMATES FOR ALl YEARS OF SUPPORT REQUESTED FROM PUBLIC HEALTH SERVICE

157 PEMIO0 ADOITIONAL YEARS SUPPORY REQUESTED (This application onlyl
DESCRIPTION VA‘?\‘(‘E}E.:JSD?,(( - 2ZND YEAR JRD YEAR 4TH YEAR 5T+ YEAR 6T YEAR 7TH YEAP
PERSONNE L
cosTS 61,125 65,250 69,800
CONSULTANT COSTS
{inciude fems, travel, e1c.) 3.600 7,200 3,600
EQUIPMENT 121,000 0 0
SUPPLIES 4,150 4,800 4,500
OOMESTIC
TRAVEL 2,300 3,700 2,600
FOREIGN
TIENT COSTS
PATIEN 1,500 3,300 | 2,800
ALTERATIONS AND
RENOVATIONS
OTHER EXPENSES 32,000 43,000 39,200
TCTAL DIRECT COSTS 225,675 127,250 }1 122,500
TOTAL FOR ENTIRE PROPOSED PROJECT PERIQD (Enter on Page 1, Item 8] ————o | § 475425

page if needed.)

2nd Year Cost Increase Justification:

Equipment Justification

Recurring increases in personnel costs computed at 7% average.

REMARKS: Justify all costs for the first year for which the need may not be obvious. For future ysers, justify equipment costs, 8s well as any
significant incresses in any other category. If a recurring annual increass in personnel costs is requested, give percentage. (Use continustion

Increases in consultant costs, patient trans-

portation costs and other costs (primarily cyclotron usage) for the second year are
a result of increasing the number of patients studied.
during the first year, but a large portion of the year will be spent upgrading the
ECAT and related pharmacological systems,
Lers of patfents thus Increasing funds spent for Dr. Paul Kinp, transportation of
patients and additional cyelotron runs.

Some patients will be studiec

The second year will involve larger num-

Our experience with the ORTEC ECAT I scanning system using phantoms has indicated to
us that this system, while producing images of diagnostic quality, does not yield
data which are amenable to quantitation.
instrument to an ECAT II system so that a major contributing factor, accidental
coincidences ("randoms') may be eliminated.
system is the fact that simultaneous image reconstruction cojoint with image acquisi-
tion can be made; this will permit scanning to proceed while reconstruction of the
previous scan is in process, thus greatly improving the efficiency of the system.
When the present ECAT 1 {s upgraded to an ECAT II version, this equipment will have

We propose, therefore, to upgrade our

Another major advantage of the ECAT 1l

NiK 998 (FORWERLY Pns 398)
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* Hard and Soft-ware to update ECAT I to ECAT II

We have requested DOE funds to purchase the hard and soft-ware
required to update our ECAT I scanner. Should DOE approve and
fund our request, the total requested for the lst year and entire
project period of this grant proposal would be reduced by $121,000.
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NAME TITLE BIRTHDATE fMa, Dey, Yr.)
Dirccetor, Outpatient Nuclear
Karl F. Hubner Medicine
PLACE OF BIRTH (Ciry, State, Country) PRESENT NATIONALITY (/f non-U.S citizen, SEX

indicate kind of vise enc expirstion date)

- Germany USA I Maie  [JFamale

EOUCATION (Begin with baccalsurests treining snd include postdoctorsl)

YEAR SCIENTIFIC
CONFERRED FIELD

INSTITUTION AND LOCATION DEGREE

hAELL O

B 2 - S e
MAJOR RESEARCH INTEREST ROLE IN PROPOSED PRCJECT
Nuclear Medicine; Oncology;
Radiation Biology and Medicine Principal Investigator - Clinician
M SUPPORT instructions)

Total salary and research support is through Department of Energy Contract Number
DE-AC05-760R00033; '"Radiation Emergency Assistance Center/Training Site, $934,000;
Coal-Related Disease Detection, $103,000; Clinical Development of Radiopharmaceuticals,
$210,000."

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with prasent position, Ligt training end experience relevant to sres of project List all
or mast represantative publications. Do not axcesd I pages for sech individual.)
1977 - Present Director, Radiation Emergency Assistance Center/Training Site, Oak Ridge
Associated Universities, Oak Ridge, TN.
Present Director, Outpatient Nuclear Medicine, Medical and Health Sciences
Division, Oak Ridge Associated Universities, Oak Ridge, TN.
1973 - 1974 Senior Research Scientist, Medical and Health Sciences Division, Oak
Ridge Associated Universities, Oak Ridge, TN.
1971 - 10/73 Senior Staff Member with Clinical Staff, Medical Division, Oak Ridge
Associated Universities, Oak Ridge, TN.

1975

1967 - 1970 Research Associate in Experimental Immunology, Medical Division, Oak
Ridge Associated Universities, Oak Ridge, TN.

1964 - 1967 Resident in Pediatrics, University of Tubingen, Medical School, Germany

1962 - 1964 Resident in Clinical Investigation, Medical Division, Oak Ridge Institute
of Nuclear Studies (now Oak Ridge Associated Universities), Oak Ridge, TN.

1960 - 19561 Internship (rotating) at 2nd Genmeral Hospital of the U.S. Army, and at

the 86th Tactical Hospital of the U.S. Air Force, Germany.
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Publications: (Karl F. Hubner) -

Partain, C.L., Hubner, K.F., Stabb, E.V., Scatliff, J.H., Miller, G.F., and "ibbs, W.I.
CSF kinetics: comparison of nuclear medicine, tontrast enhanced CT, and positron
emission tomography. Investigative Radiology 14(5):377, Sept.~Oct., 1979 (abstract).

Buonocore, E., and Hubner, K.F. Comparison of positron emission computer assisted
transaxial tomography (ECT) with transmission CT and ultrasonography for the diagnosis
of pancreatic disease. Presented at the Eastern Radiological Society, Mid Pines,
North Carolina, April, 1979 (abstract).

Hubner, K.F., Buonocore, E., Gibbs, W.D., Holloway, S., and Byrd, B.L. Differentiation
of pancreatic and other retroperitoneal tumors by positron emission computerized &
tomography (ECT). J. Nucl. Med. 20:631, 1979, (abstr.) !

Hubner, K.F., Andrews, G.A., Washburn, L., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane{llC]-
carboxylic acid: preliminary clinical trials with single-photon detection, In Year
Book of Cancer, R.L. Clark, R.W. Cumley and R.C. Hickey, eds., Year Book Medical
Publishers, Inc., Chicago, 1979, pp. 237-239.

Hubner, K.F., and Buonocore, E. Emission computerized tomography (ECT) with 11C-
labeled amino acids, transmission CT and ultrasonography (US) in the diagnosis of
pancreatic disease. Presented at the Sixth International Congress of Radiation
Research, Tokyo, Japan, 1979 (abstract).

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R|/
and Gibbs, W.D. Carbon-1ll-labeled amino acids for the rectilinear and positron
tomographic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Buonocore, E., Hubner, K.F., and Collmann, I.R. Differentiation of retroperitoneal

tumor using positron emission computed tomography. J. Comput. Asst, Tomogr. 3(6):
825-828, 1979.

Buonocore, E., and Hubner, K.F. Positron-emission computed tomography of the
pancreas: a preliminary study. Radiology 133:195-201, 1979.

Buonocore, E., and Hubner, K.F. Comparison of positron emission computer assisted
transaxial tomography (ECT) with transmission CT and ultrasonography for the diagnosis
of pancreatic disease. Presented at the Annual meeting of the Radiological Society
of North America, Chicago, Illinois, 1978 (abstract).

Sauerbrunn, B.J.L., Andrews, G.A., and Hubner, K.F. 67Ga—citrate imaging in genito-
urinary tract tumors: report of cooperative study. J. Nucl. Med. 19:470-475, 1978.

Lushbaugh, C.C., Hubner, K.F., and Ricks, R.C. Medical aspects of nuclear radiation
emergencies. Emergency 10:32-35, 1978.

Lawless, D., Brown, D.H., Hubner, K.F., Colyer, S.P., Carlton, J.E., and Hayes, R.L.
Isolation and partial characterization of a 67Ga-b1nding glycoprotein from Morris
5123C rat hepatoma. Can. Res. 3B:4440-4444, 1978,

Hibner, K.F., Hayes, R.L., Washburn, L.C., Gibbsi W.D., Byrd, B.L., and Butler, T.A.

Scanning of the human pancreas with DL-valine-1- 1c and DL—tryptophan-l-llc.
J. Nucl. Med. 19:686, 1978 (abstract).
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Publications: (Karl F. Hubmner, continued)

Hubner, K.F., Andrews, G.A., Gibbs, W.D., Holloway, S., Hayes, R.L., and Washburn,L.C.
Initial diagnostic results with llc-labeled amino acids and the emission positron
tomograph. In Proceedings of the Second World Federation of Nuclear Medicine and
Biology, p. 13 (abstract), Washington, D.C., 1978.

Andrews, G.A., Haner, K.F., and Greenlaw, R.H. Gallium-67 citrate imaging in
malignant lymphoma: final report of cooperative group. J. Nucl. Med. 19:1013-19, 1978.

Johnston, G.S., Go, M.F., Benua, R.S., Larson, S.M., Andrews, G.A., and Hﬁbner, K.F.

7Ga-citrate imaging in Hodgkin's disease: final report of cooperative group. J. Nucl.
Med. 18:692-698, 1977.

Hubner, K.F., Andrews, G.A., Washburn, L., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane[llC]~
carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977. .

Hubner, K.F., Andrews, G.A., Lushbaugh, C.C., and Tompkins, E. A follow-up study
program for persons irradiated in radiation accidents. In Handling of Radiation

Accidents 1977, Proceedings of a Symposium, pp. 57-70. Vienna, Austria: International
Atomic Energy Agency, 1977.

#Hiibner, K.F., Andrews, G.A., Hayes, R.L., Poggenburg, J.K., and Solomon, A. The use
of rare earth radionuclides and other bone-seekers in evaluating bone lesions in
yatients with multiple myeloma and solitary plasmacytoma. Radiology 125:171-176,
October, 1977.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Collmann, I.R. Clinical studies of 1lc_tabeled amino acids.
J. Nucl. Med. 18:638, 1977 (Poster Session, abstract).

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
and Butler, T.A. Clinical tumor scanning with 11C-carboxyl—labeled l-aminoeyclo-
pentanecarboxylic acid (11c-ACPC). Presented at the 17th Annual Southeastern Chapter
of the Society of Nuclear redicine, Louisville, Kentucky, 1976 (abstract).

Hubner, K.F. and Littlefield, L.G. Burkitt's lymphoma in three American children.
Clinical and cytogenetic observations. Am. J. Dis. Child. 129:1219-1223, Oct., 1975.

Swartzendruber, D.C. and Hubner, K.F. Effect of external whole-body X-irradiation on
gallium-67 retention in mouse tissues. Radiat. Res. 55:457-468, 1973.

Gengozian, N., Edwards, C.L., Vodopick, H.A., and Hubner, K.F. Bone marrow trans-
plantation in a leukemic patient following immunosuppression with antithymocyte
globulin and total body irradiation. Transplantation 15:446-454, 1973.

Gengozian, N. and Hubner, K.F. "In situ" visualization of a graft-vs-host reaction.
J. Immunol. 106:1159-1165, 1971.

Hubner, K. and Brown, D.W. Scanning of the spinal subarachnoid space after intra-
thecal injection of 1311 labeled human serum albumin. J. Nucl. Med. 6:465-472, 1965.
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NAME TITLE BIRTHDATE (Ma, Dey, Yr.)
Lee C. Washburn Scientist -_
PLACE OF BIRTH (City, State, Country) PRESENT NATIONALITY (/! non-U.8 citizen, SEX
indicatre kind of viss and expirstion date)
A
USA XX Mate (] Female

EDUCATION (Begin with baccelsureste treining and include poatdoctorsl)

INSTITUTION AND LOCATION DEGREE

YEAR SCIENTIFIC
CONFERRED FIELD

MAJOR RESEARCH INTEREST

Radiopharmaceutical deve

ROLE IN PROPOSED PE?JECT
Resolution of C-labeled amino acids and

lopment production of these agents for clinical use.

KESEARCRH SUPPORT [See instructions)

Total salary and research support through Department of Energy Contract Number

DE-AC05-760R00033.

RESEARCH AND/OR PROFESSIONAL

EXPERIENCE {Smrting with present position, Jigt training end experience relevant to ares of project List all

or most representative publications. Do not axceed 3 pages for esch individuel.)

April 1974 - present
June 1972 - March 1974
March-June 1972

Publications:

Jay, M., Digenis, G.A.,

Scientist, Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN.

Presidential Intern, Medical and Health Sciences Division,
Oak Ridge Associated Universities, Oak Ridge, TN.

Research Associate, Vanderbilt University, Nashville, TN.

Chaney, J.E., Washburn, L.C., Byrd, B.L., Hayes, R.L., and

Callahan, A.P. Synthesis and brain uptake of carbon-1l phenethylamine. (Submitted

for publication)

Blank, M.L., Cress, E.A., Byrd, B.L., Washburn, L.C., and Snyder, F. Liposomal encap-
sulated Zn-DTPA for removing intracellular heavy metals. (Submitted for publication)

Digenis, G.A., Casey, D.L., Wesner, D.A., Washburn, L.C., and Hayes, R.L. Preparation

LAELLO

of optically active C-1ll-amino acids. J. Nucl. Med. 20:662, 1979 (abstract).

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R.
and Gibbs, Wm. D. Carbon-ll-labeled amino acids for the rectilinear and positron tomo-
graphic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.
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Publications: (Lee C. Washburn)

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. [Carboxy1—11C]
l1-Aminocyclobutanecarboxylic acid, a potential agent for tumor localization. .
Nucl. Med. 20:1055-1061, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-

11C] tryptophan, a potential agent for pancreatic imaging: production and preclinical

investigations. J. Nucl. Med. 20:857-864, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., Butler, T.A., and Callahan, A.P.
High-Level production of C-ll-carboxyl-labeled amino acids. In Radiopharmaceuticals

I1, proceedings of 2nd International Symposium on Radiopharmazzhticals, Seattle,
Wash., 1979, pp. 767-777. ’

Lushbaugh, C.C. and Washburn, L.C. FDA IND Approval for Zn-DTPA, new clinical agent
for decorporation therapy of actinides. J. Nucl. Med. 20:73, 1979.

Lushbaugh, C.C. and Washburn, L.C. FDA IND Approval for Zn-DTPA, new clinical agent
for decorporation therapy of actinides. Health Phys. 36:472, 1979.

Lushbaugh, C.C. and Washburn, L.C. Decorporation therapy of actinides. Health
Physics Newsletter 6:5, 1978.

Tushbaugh, C.C. and Washburn, L.C. FDA IND Approval for Zn-DTPA, new clinical agent
for decorporation therapy of actinides. J. Occupational Med. 20:720, 1978.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. Further pre-

clinical studies of C-11-DL-tryptophan, a potential pancreas-imaging agent. In Proc.

of the 2nd International Congress of the World Federation of Nuclear Medicine and
Biology, Washington, D.C., September 17-21, 1978, p. 41.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler, T.A.

Carboxyl-labeled 11C-l-aminocyclopentanecarboxylic acid, a potential agent for
cancer detection. Year Book of Cancer 1978, pp. 236-237.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structure on tumor
specificity of alicyclic a-amino acids. Cancer Res. 38:2271-2273, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler,T.A. [1-11C] DL-
Valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Butler, T.A., and Callahan,
A.P. Synthesis and purification of llC-carboxyl-labeled amino acids. J. Appl.
Radiat. Isotopes 29:186-187, 1978.

Washburn, L.C. and Hayes, R.L. Importance of excess base in the synthesis of sodium

phosphorothiocate. In Inorganic Syntheses, Vol. 17, A. G. MacDiarmid, ed., McGraw-
Hill Book Co., 1978, pp. 193-194.

Washburan, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structural modifi-
cations on the tumor specificity of alicyclic a-amino acids. In Proc. of the 18th
Annual Meeting of the Southeastern Chapter, Society of Nuclear Medicine, Part 2,
Winston-Salem, N.C., October 12-15, 1977 (abstract).
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Hubner, K.F., Andrews, G.A., Washoburn, L.C., Wieland, B.W., Gibbs, W.D., Haves, R.L.
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane [~1C]

carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,

Butler, T.A., and Collmann, I.R. Clinical studies of C-ll1-labeled amino acids.
J. Nucl. Med. 18:638, 1977 (abstract).

Washburn, L.C., Sun, T.T., Wieland, B.W., and Hayes, R.L. C-11-DL-Tryptophan, a

potential pancreas-imaging agent for positron tomography. J. Nucl. Med. 18:638,
1977 (abstract).

Hayes, R.L., Washburn, L.C., Wieland, B.W., and Sun, T.T. Carboxyl-labeled C-11-ACBC|

a possible new radiopharmaceutical for detection of cancer using positron tomography.
J. Nucl. Med. 18:639, 1977 (abstract).

Washburn, L.C., Wieland, B.W., Sun, T.T., and Hayes, R.L. 1C-Labeled amino acids as

agents for tumor and pancreas visualization. J. Labelled Compounds and Radiopharma-
ceuticals 13(2):203, 1977 (abstract).

Wieland, B.W., Washburn, L.C., Turtle, R.R., and Hayes, R.L. Development of cyclo-
tron targetry and remote radiochemical techniques for the continuous large-scale

production of llc-1abeled amino acids. J. Labelled Compounds and Radiopharmaceuticals
13(2):202, 1977 (abstract).

Washburn, L.C., Sun, T.T., Rafter, J.J., and Hayes, R.L, C-ll-Labeled amino acids
for pancreas visualization. J. Nucl. Med. 17:557-558, 1976.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler, T.A.
Carboxyl-labeled lic- -l-aminocyclopentanecarboxylic ac1d a potential agent for cancer
detection. J. Nucl. Med. 17:748-751, 1976.

Washburn, L.C., Coffey, J.L., Watson, E.E., Sun, T.T., and Hayes, R.L. Radiation
dosimetry of some ““C-labeled amino acid pharmaceuticals. In Radiopharmaceutical
Dosimetry Symposium, R.J. Cloutier, J.L. Coffey, W.S. Snyder, and E.E. Watson, eds.,

U. S. Dept. of Health, Education and Welfare, Washington, D.C., June 1976, pp. 44l-
451.

Hayes, R.l., Washburn, L.C., Sun, T.T., Rafter, J.J., and Byrd, B.L. Factors
affecting the tissue distribution of 11C-ACPC, a new tumor-localizing agent. In

Proc. of 17th Annual Meeting, Southeastern Chapter, Society of Nuclear MedlcidET
Louisville, Ky., 1976 (abstract).

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
and Butler, T.A. Clinical tumor scanning with 11C-carboxyl -labeled l-aminocyclo-
pentanecarboxylic acid (119—ACPC) In Proc. of 17th Annual Meeting, Southeastern
Chapter, Society of Nuclear Medicine, ', Louisville, Ky., 1976 (abstract).

Hages, R.L., Rafter, J.J., Washburn, L.C., and Byrd, B.L. Affinity of
253¢insteinium for tumor tissue. Nature New Biology 246:23-25, 1973.
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Raymond L. Hayes Chief Scientist —

PLACE OF BIRTH (Ciry, State, Country) PRESENT NATIONALITY (/f pon-U.S citizen, SE X

indicate kind of viss end exp:ration dats}
- Arilzona usa USA

EDUCATION (Begin with baccalaureste training and include postdoctorei)

INSTITUTION AND LOCATION DEGREE coy:;EEARRRED SC'FEI';E: ¢

- .
= =

HONORS —l

MAJOR RESEARCH INTEREST

) Maie C) Femasie

ROLE IN PROPOSED PROJECT
Radiopharmaceutical Development Consultant

AESEARCH SUPPORT (See instrucbons)

Total salary and research support through Department of Energy Contract Number
DE-AC05-760R00033.

RESEAACH AND/OR PROFESSIONAL EXPERIENCE (Starting with prasant position, Jist {reining and experisnce relevant to sres of project. List ail
or most representative publications, Do not exceed 3 pages for each individual.)

1950 - present Chief Scientist, Medical & Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, Tennessee.
1944 Senior Chemist, U. S. Rubber Co., Charlotte, North Carolina.

Publications:

Hayes, R.L., Byrd, B.L., Rafter, J.J., and Carlton, J.E. The effect of scandium

on the tissue distribution of Ga-67 in normal and tumor-bearing rodents.
J. Nucl. Med. (in press).

Hayes, R.L., Szymendera, J.J., and Byrd, B.L. Effect of food intake on the tissue
distribution of gallium-67: Concise communication. J. Nucl. Med. 20:938-940, 1979.

Digenis, G.A., Casey, D.L., Wesner, D.A., Washburm, L.C., and Hayes, R.L. Preparation
of optically active C-ll-amino acids. J. Nucl. Med. 20:662, 1979 (abstr.).
Brown, D.H., Carlton, J.E., Rafter, J.J., and Hayes, R.L. A large scale extraction

procedure for the purification of a Ga-67 binding glycoprotein. J. Nucl. Med.
20:682, 1979 (abstr.). :

Hayes, R.L., Rafter, J.J., and Byrd, B.L. Stuliles of the mechanism of gallium-67
uptake by tumor, abscess and normal tissues. J. Nucl. Med. 20:672-673, 1979 (abstr.).
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Publications: R. L. Haves (contiaued)

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. [Carbbvv1~11C]
1-Aminocyclobutanecarboxylic acid, a potential tumor-seeking agent. J. Nucl. Med.
20:1055-1061, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-

llC] tryptophan, a potential agent for pancreatic imaging: production and preclinical
investigations. J. Nucl. Med. 20:857-864, 1979,

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., Butler, T.A., and Callahan, A.P.
High-Level production of C-ll-carboxyl-labeled amino acids. In Radiopharmaceuticals

11, proceedings of 2nd International Symposium on RadiopharmaEthicals, Seattle,
Wash., 1979, pp. 767-777.

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann,
I.R., and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and positron
tomographic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Brown, D.H., Carlton, J.E., Rafter, J.J., and Hayes, R.L. Further purification of a
small 67Ga-binding particle found in Morris 5123C hepatomas. Presented at the Sixth
Annual Meeting of Southeastern Cancer Research Association, Kiawah Island,

S. Carolina, November 15-17, 1978.

Hayes, R.L., Byrd, B.L., and Rafter, J.J. Studies of the mechanism of 67Ga uptake
by tumor and normal tissue. In Proc. of the 19th Annual Meeting, Southeastern
Chapter, Soclety of Nuclear Medicine, held in Birmingham, Ala., November 1-4, 1978.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. Further pre-
clinical studies of C-11-DL-tryptophan, a potential pancreas-imaging agent. 1In
Proc. of the 2nd International Congress of the World Federation of Nuclear Medicine
and Biology, Washington, D.C., Scptember 17-21, 1978, p. 41,

Kuniyasu, Y., Hayes, R.L., and Carlton, J.E. A Ga-68 albumin preparation for
positron tomography of the liver. In Proc. of the 2nd International Congress of the ;

World Federation of Nuclear Medicine and Biology, Washington, D.C., September 17-21,
1978, p. 90.

Hayes, R.L., Byrd, B.L., and Szymendera, J. Effect of food intake on the tissue
distribution of gallium-67. In Proc. of the 2nd International Congress of the World

Federation of Nuclear Medicine and Biology, Washington, D.C., September 17-21, 1978,
p. 112.

Lawless, D., Brown, D.H., Hubner, K.F., Colygs, S.P., Carlton, J.E., and Hayes, R.L.
Isolation and partial characterization of a “/Ga-binding glycoprotein from a rat
hepatoma. Cancer Res. 3B:4440-4444, 1978.

Hayes, R.L. Chemistry and radiochemistry of metal-ion nuclides commonly employed
in radfopharmaceuticals. In The Chemistry of Radiopharmaceuticals, N.D. Heindel,

H.D. Burns, T. Honda, and L.W. Brady, eds. Masson Publishing, N.Y., 1978, pp.155~
167.

Hayes, R.L. The medical use of gallium radionuclides: a brief history with some
comments. Semin. Nucl. Med. 8:183-191, 1978.
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Publications: R. L. Haves (continued)

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structure on tumor
specificity of alicyclic a-amino acids. Cancer Res. 38:2271-2273, 1978.

Hayes, R.L., WashEan, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler, T.A.
Carboxyl-labeled C-l-aminocvclopentancecarboxylic acid, a potential agent for cancer
detection. Year Book of Cancer 1978, pp. 236-237.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Suni T.T., Anon, J.B., Butler, T.A., and
Callahan, A.P. Synthesis and purification of 1 C-carboxyl-labeled amino acids.
Int. J. Appl. Radiat. Isotopes 29:186-187, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. [l-llc] DL~
Valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structural modifi-
cations on the tumor specificity of alicyclic a-amino acids. In Proc. of 18th Annual
Meeting of Southeastern Chapter, Society of Nuclear Medicine, Part 2, Winston-Salem,
N.C., October 12-15, 1977 (abstr.).

Hayes, R.L., Rafter, J.J., and Butler, T.A. Copper-64 as a possible positron tomo-
zraphic agent for detection of cancer. In Proc. of 18th Annual Meeting of South-
eastern Chapter, Society of Nuclear Medicine, Part 2, Winston-Salem, N.C., October
12-15, 1977 (abstr.).

Hayes, R.L., Carlton, J.E., and Kuniyasu, Y. A Ga-68 albumin preparation for positron
tomography of the liver. 1In Proc. of 18th Annual Meeting of Southeastern Chapter,
Society of Nuclear Medicine, Part 2, Winston-Salem, N.C., October 12-15, 1977 (abstr.)

Hayes, R.L. The tissue distribution of gallium radionuclides. J. Nucl. Med. 18:
740-742, 1977.

Hubner, K.F., Andrews, G.A., Haves, R.L., Poggenburg, J.K. Jr., and Solomon, A. The
use of rare-earth radiocnuclides and other bone-seekers in the evaluation of bone

lesions in patients with multiple myeloma or solitary plasmacytoma. Radiology
125(1):171-176, 1977.

Hubner, K.F., Andrews, G.A., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane [1101
carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Collmann, I.R. Clinical studies of C-ll-labeled amino acids.

J. Nucl. Med. 18:638, 1977 (abstr.).

Washburn, L.C., Wieland, B.W., Sun, T.T., and Hayes, R.L. 11C—Labeled amino acids as
agents for tumor and pancreas visualization. J. Labeled Compds. Radiopharmaceuticals
13:203, 1977.

Wieland, B.W., Washburn, L.C., Turtle, R.R., Hayes, R.L., and Butler, T.A. Develop-
ment of cyclotron targetry and remote radiochemical techniques for the continuous
large-scale production of 1l1c-labeled amino acids. J. Labeled Compds. Radiopharma-
ceuticals 13(2):202, 1977.
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NAME FITLE BIRTHOATE (M Yo,
Paul Harvey King Associate Professor

PLACE OF BIRTH (City, State, Country/ PRESENT NATIONALITY {If non-U.S crtzen, SEX

indicare kind of viss and expiration date)
i JRCEIRUPRETN ot

EDUCATION (Bogin with baccalaureste trvining end include postdoctorsij

B Male L Female

YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD

AW S R W § .
MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT

Biomedical Engineering Consultant

RESEARCH SUPPORT (See instructions)

Total salary and research support through Vanderbilt University.

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, [(1t 1raining end experience relevent to sres of project List all
o7 most representative publications, Do not exceed 3 peges for sech individuel.)
July 1978 - July 1979 Sabbatical - Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN. (Presently a consultant).
1972 ~ present Associate Professor, Vanderbilt University, Nashville, TN.
Feb. 1971 - present Vanderbilt and Veterans Hospitals, Vectorcardiography research.
Aug. 1969 - present Vanderbilt and Veterans Hospital, Dynamics of bone healing, gait
analysis.
Feb. 1966 - present Nuclear Medicine Dept., Vanderbilt Hospital, Nashville, TN.
Dec. 1966 - Sept. 1969 Kidney Dialysis Unit, Veteran's Hospital, Nashville, TN.
Sept. 1962 - Sept. 1965 Highland View Hospital (Metabolic Ward), Cleveland, Ohio.
June 1962 - Sept. 1962 Bell Aerosystems Co., (accelerometer research and design),
Cleveland, Ohio.
June 1961 -~ June 1962 Case Institute of Technology (Asst. in Accelerometer Research),
Cleveland, Ohio.

Publications: ’

Wieland, B.W., Highfill, R.R., and King, P.H. Proton accelerator targets for the
production of lC, 13N, 1 0, and 18r, "1EEE Transactions on Nuclear Sciences, Vol.
NS-26(1):1713-1717, 1979. .

Pickens, D.R., King, P.H., Patton, J.A., and Brill, A.B. The design, construction,
and preliminary testing of a mutually orthogonal coincident fccal point tomographic
scanner, In Proc. of 13th Annual Meeting, Association for the Advancement of Medicai
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Publications: P. H. King (continued)

Instrumentation, Washington, D.C., March 29-April 1, 1978.

Smith, R.F., Stanton, K., Stoop, D., Brown, D., and King, P.H. Quantitative
electrocardiography during extended spaceflight. Basic Environmental Problems of
Man in Space, Ashton Graygiel, ed., Pergamon Press, 1976, pp. 89-102.

Smith, R.F., Stanton, K., Stoop, D., Janusz, W., and King, P.H. Quantitative
electrocardiography during extended spaceflight: The second skylab mission.
Aviation, Space and Environmental Medicine, April 1976, pp. 353-359.

Smith, R.F., King, P.H., Stanton, K., Stoop, D., and Brown, D. Quantitative electro-
cardiography during extended spaceflight. The first skylab mission. Astronautica
Acta 2:89-102, 1975.

Patton, J.A., Brill, A.B., and King, P.H. A new mode of collection and display of
three dimensional data for static and dynamic radiotracer studies. Proceedings of
Symposium on Medical Radioisotope Scintigraphy 1972, Vol. 1, TAEA, Vienna, 1973,
pp. 355-368.

Patton, J., Brill, A.B., and King, P.H. Transverse section brain scanning with
multicrystal cylindrical imaging device. Conference on Radionuclide Tomography,

Sept. 15, Tomographic Imaging in Nuclear Medicine. Soclety of Nuclear Medicine,
Hew York, 1973, pp. 28-43.

{ing, P.H., Brill, A.B., Patton, J.A., Pickens, D.R., and Sweeney, J. Design of a
new tomographic scanner. Conference on Computer Applications in Biomedical Instru-

mentation, June 6, 1972, at the University of Tennessee Space Institute, Tullahoma,
Tennessee.

Patton, J.A., Brill, A.B., and King, P.H. A proposed method for quantitative blood
flow transverse-section scanning. In Proceedings of Second Symposium on the Sharing
of Computer Programs and Technology in Nuclear Medicine, Oak Ridge, Tennessee,
USAEC CONF-720430, pp. 399-410.

King, P.H., Ginn, H.E., Baker, W.R., and Frost, A.B. Computer optimization of
hemodialysis. In Conference on Computer Applications in Biomedical Instrumentation,
June 5, 1972, at the University of Tennessee Space Institute, Tullahoma, Tennessee.

King, P.H., Patton, J., Pickens, D.R., Sweeney, J., and Brill, A.B. A multidetector
orthogonally coincident focal point tomographic scanner. Sou. Med. J. 64(11):1422,
1971.

Brill, A.B., Johnston, R.E., Davies, H., King, P.H., Erickson, J., Williams, H., and

Nash, R. Analysis of imaging techniques using digitally simulated scans. Sou. Med.
J. 62, 1969.

Patton, J., Brill, A.B., Erickson, J., and King, P.H. Cylindrical array tomographic
scanner with focusing collimators and its possible adaptation for fluorescence
scanning of brain tumors. Sou. Med. J. 62:1434, 1969.

King, P.H., Ginn, H.E., Baker, W.R., Frost, A.B., and Matter, B.J. Computer
optimization of urea dynamics during hemodialysis. Trans. Am. Soc. Artif. Int.

Organs Vol. XIV, pp. 389-393, 1968.
Page 15
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Continuation page

Publications: P. H. King (continued) '

i

King, P.H., Baker, W., Day, R., Greenway, R., Lindan, 0., and Reswick, J. Mc?suremen1
of the random component ('"'noise") in the study of short term fluctuations in urine
composition. 1In 19th Annual Conference on Engineering in Medicine and Biology,
San Francisco, Calif., November 1966, Vol. 8, p. 203.

King, P.H., Brill, A.B., and King, R.J. Computer applications in nuclear medicine.
J. Nucl. Med. 7:803, 1966.

King, R.J., Brill, A.B., King, P.H., and Kramer, C.E. A versatile isoresponse
plotter with application in radiotherapy and nuclear medicine. Presented at 12th
Annual Meeting American Nuc. Soc., Denver, Colorado, June, 1966.

King, P.H. Numerical Analysis and Data Processing in Metabolism Research. Master's
Thesis, Case Institute of Technology, Cleveland, Ohio, 1965.

King, P.H. and Apple, H. Computer Oriented Study of Metabolism, Data Acquisition
and Processing in Bilology and Medicine, Paragamon Press, Vol. &4, 1964, pp. 23-36.

King, P.H., Apple, H., Baker, W., and Greenway, R. Metabolism data reduction in an
on-line operation. In Proceedings of 17th Annual Conference on Engineering in
Medicine and Biology, November, 1964, Cleveland, Ohio, p. 54.

Lindan, O., Baker, W., Greenway, R., King, P., and Reswick, J. Engineering approach
in the design of experiments in human metabolism. In Proceedings of 17th Annual
Conference on Engineering in Medicine and Biology, November, 1964, Cleveland, Ohio.

King, R.J., Brill, A.B., King, P.H., and Kramer, C.E. A digital data acquisition
and analysis system for radionuclide scanning collimators. IBID, p. 803.

Paul H. King has 34 other publications, abstracts and presentations.
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NAME TITLE ) BIRTHDATE (Ma, Dey, Y7.)
I. Reid Cellmann Clinical Professor of Medicine
PLACE OF BIRTN (City, Stare, Country/

PRESENT NATIONALITY {/f non-U.S citrzen, SE X
indicate kind of vias sng expiration dete)
—, Pennsylvania, U.S.A. U.S.A.

EDUCATION (Bagin with baccalaursste training snd inciude pestdoctorsi)
INSTITUTION AND LOCATION DEGREE YEAR SCIENTIFIC

XN Male ] Femate

wNFiiRED FIELD

MAJOR RESEARCH INTEREST ROLE IN PROPOSED PROJECT

Gastroenterology Consultant
RESTARCH SUPPORT [Ses instrctions)

None

Private practice - Gastroenterology.

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present positen, ligt training end expenence relevent to sres of project List all
or most representative pubdlications, Do not exceed 3 pages for ssch indivickal.)

196f£ - present Clinical Professor of Medicine, University of Tennessee Memorial
Research Center & Hospital, Knoxville, Tennessee.
Chief, Department of Gastroenterology, University of Tennessee Memorial
Research Center & Hospital, Knoxville, Tennessee.

Captain, MC, U. S. Army, 2nd General U. S. Army Hospital, Lanstuhl,
W. Germany.

1965 ~ present

1954 - 1965

Publications:

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R.,
and Gibbs, W.D. Carbon-ll-Labeled amino acids for the rectilinear and positron tomo-
graphic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Buonocore, E., Hubner, K.F., and Collmann, I.R. Differentiation of retroperitoneal

tumor using positron emission computed tomography. J. Comput. asst. Tomogr. 3(6):
825-828, 1978.

Andrews, G.A., Hubrer, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,

Butler, T.A., and Collmann, I.R. Clinical studies of C-11-labeled amino acids.
J. Nucl. Med. 18:638, 1977 (abstr.).
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Publications: I. Reid Collmann (continued)

Lange, R.D., Chernoff, A.I1., Jordan, T.A., and Collmann, I.R. Experience wirh a
hemagglutination-inhibition test for carcincembryonic antigen: preliminary report.
In Proceedings of the First Conference and Workshop on Embryonic and Fetal Antigens
in Cancer, N.G. Anderson and J. H. Coggin, Jr., eds., 1971, pp. 379-386.

Peirce, E.C., II, Lesher, J.H., Law, W., and Collmann, I.R. Chronic occlusion of
aortic arch branches. Dis. Chest 36:542-551, 1959.
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- TITLE Prof. of Medicinal Chemistg@RVHDATE (Ma Dey, Vr)

A . . N A
George A. Digenis ssoc. Prof. Nuclear Medicine m

NAME

PLACE OF BIRTH {City, State, Country) PRESENT NATIONALITY (/! non-U.& citizen, SEX
indicote kind of vise and expiretion date)
Greece US. Citizen
— X Mate 3 Femaie
EDUCATION (Begin with baccalsursste treining end include postdoctorsi)
YEAR SCIENTIFIC
[}
INSTITUYTION AND LOCATION DEGREE CONFERRED FIELD

MAJOR RESEARCH INTEREST Oroanic and Medicina] |ROLE IN PROPOSED PROJECT
Chemistry, Biorganic Mechanisms and

Radiopharmaceuticals
RESCARCH SUPPORT (See instructions)

Consultant

National Institutes of Health, "In Vivo Disposition of 18F-haloperidol and BzBr-
bromperidol." $38,477. 13

National Cancer Institute, "Physiologic Disposition of “~N-Nitrosoureas and their
Potential as Tumor Localizing Agents.'" No. POl-CA 17786, $20,400. 13
University of Kentucky, Tobacco and Health Research Institute, "Disposition of “~N-
lzbeled Nitrosamines and Nitrosocarbamates." No. KTRB 011, $41,772.

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with present position, [ist ireining and experience relevant to sres of project Lt alt
or mast representative publications. Do not exceed 3 pages for esch individual.)

1974 - present rofessor of Medicinal Chemistry and Associate Professor of Nuclear
Medicine (1975-present) Colleges of Pharmacy and Medicine, University
of Kentucky, Lexington, KY.

1976 - present Associate Scientist, Sloan Kettering Institute for Cancer Research,

New York, N.Y.

Director of Radiopharmacy Program, College of Pharmacy, University
of Kentucky, Lexington, KY.

Publications:

McQuinn, R.L., Feola, J., and Digenis, G.A. The effect of vitamin A on the uptake of a
water soluble and 1ipid soluble nitrosourea by the EMT6 mouse mammary tumor. Int. J.
Rad. Oncology, Biol. Physics 5:1577, 1978.

Digenis, G.A. and Issidorides, C.H. Some biochemical aspects of N-nitroso compounds.
Bioorganic Chemistry 8:97-137, 1979.

McQuinn, R.L., Cherg, Y., and DigernZs, G.an. Convenient preparations of several N-
nitroso compounds. Synthetic Communicatioéns 9:25, 1979.
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Hubner, Karl F.
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Contimuation page _

Publications - George A. Digenis (continued)
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Papageorgious, V.P., Winkler, A., Sagredos, A.N., and Digenis, G.A. Studies on the
relationship of structure to antimicrobial pr~prerties of naphthaquinones and other
constituents of alkanna tinctoria tausch. Planta Medica 35:56, 1979.

Digenis, G.A., McQuinn, R.L., Freed, B., Tilbury, R.S., Reiman, R.E., and Cheng, Y.C.
Preparation of 13N-1abeled Streptozotocin and nitrosocarbaryl. J. Labelled Compd.
Radiopharmaceuticals 16:95, 1979.

Triplett, J.W., Digenis, G.A., Layton, %.J., and Swmith, S.L. 13C-HMR Studies of

bisulfite-pyrimidine addition reactions: Stereoselective formation and reactions of
the 5-halouridines. J. Org. Chem. 43:4411, 1979.

Martin, G.E., Shambhu, M.B., Shakhir, S.R., and Digenis, G.A. Polymer-bound carbonic{

carboxylic anhydride functions. Preparation, site-site interactions and synthetic
applications. J. Org. Chem. 43:4571, 1978.

Triplett, J.W., Chow, N.H., Smith, S.L., and Digenis, G.A. Determination of pK
values for the bisulfite adducts of cytidine 5'-Morophosphate by carbon-13 nuclear
magnetic resonance. J. Org. Chem. 43:3411, 1978.

Triplett, J.W., Chow, N.H., Smith, S.L., and Digenis, G.A. Carbon-13 NMR investi-
gation of the bisulfite induced changes in yeast RNA. Biochem. Biophys. Research
Communications 77(4):1170, 1977.

Triplett, J.W., Digenis, G.A., Layton, W.J., and Smith, S.L. Carbon-13 chemical
shift assignments for the bisulfite adducts or uracil, 5-deuterouracil, 5-fluoro-
uracil and 5-chlorouracil. Spectroscopy Letters 10:141, 1977.

Shambhu, M.B., Theodorakis, M.C., and Digenis, G.A. Polystyrene resins with

immobilized polyamines: preparation, characterization, and ability to bind Cu (II)
ions. J. Poly. Sci. Chem. 15:525, 1977.

Pettit, W.A., Tilbury, R.S., Digenis, G.A., and Mortara, R.H. A convenient syn-
thesis of 13N-BCNU. J. Labelled Compd. Radiopharmaceuticals 13:119, 1977.

Triplett, J.W., Mack, S.W., Smith, S.L., and Digenis, G.A. Synthesis of carbon-13
labelled uracil, 6,7-dimethyllumazine and lumichrome, via a common intermediate:
cyanoacetylurea. J. Labelled Compd. Radiopharmaceuticals 14:35, 1978.

Digenis, G.A., Beihn, R.M., Theodorakis, M.C., and Shambhu, M.B. Use of 99mTc-

labeled triethylenetetramine~polystyrene resin for measuring the gastric emptying
rate in humans. J. Pharm. Sci. 66:442, 1977.

Digenis, G.A. Stable and short-lived isotopes in the study of tissue distribution.
J. Toxicol. Environ. Health 2:757,1977.

Casey, D.L., Beihn, R.M., Digenis, G.A., and Shambhu, M.B. Methods for monitoring

hard gelatin capsule disintegratior times in humans using external scintigraphy.
J. Pharm. Sci. 65:1412, 1976.

Shambhu, M.B., Digenis, G.A., Gulati, D.K., Sabharwal, P.S., and Bowman, K.

Chemical combinations of 2,.-D and polystyrene. Preparation and application for the
‘control of duckweed. J. Agr. and Food Chem. 24:666, 1976.
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Publications - George A. Digenis (continued)

Digenis, G.A., Williams, M., and Shambhu, M.B. Application of a chemically reactive
resin as a cigarette filter in the isolation of a bioactive tobacco smoke fraction.
Chemistry and Industry 2:69, 1976.

Digenis, G.A., Kook, C.S., and Reed, M.F. The synthesis of F-18 haloperidol.
J. Nucl. Med. 16:525, 1975.

Digenis, G.A. and Swintosky, J.V. Drug latentiation. In Handbook of Experimental
Pharmacology (Concepts in Biochemical Pharmacology), Vol. 28/3, J. R. Gillette and
B.B. Brodie, editors, Springer-~Verlag Berlin, New York, 1975.

Digenis, G.A., Shakhshir, S., Miyamoto, M.A., and Kostenbauder, H.B. Anaerobic
photodecomposition of an acridan drug through energy transfer. J. Pharm. Sci. 65:
247, 1976.

Digenis, G.A., Reed, M.F., Pettit, W.A., and Mortara, R.H. Preparation of nitroso-
13N jabeled nitrosoureas. J. Med. Chem. 18:1029, 1975.

Kook, C.S., Reed, M.F., and Digenis, G.A. The preparation of 18F-haloperidol.
J. Med. Chem. 18:533, 1975.

Amos, H.E., Schelling, G.T., Digenis, G.A., Swintodky, J.V., Little, C.0., and
Mitchell, G.E. Methionine replacement value of N-acetyl methionine and homocysteine
thiolactone HCl for growing rats. J. Nutrition 105:577, 1975.

Koganty, R.R. and Digenis, G.A. A convenient preparation of 180—dimethy1formamide.
J. Labelled Compd. 10:419, 1974.

Amos, H.E., Little, C.0., Digenis, G.A., Schelling, G.T., Tucker, R.E., and Mitchell,
G.E. Methionine, DL-homocysteine thiolactone and N-acetyl-DL-methionine for
ruminants. J. Animal Sci. 39:612, 1974.

Shambhu, M.B., Koganty, R.R., and Digenis, G.A. Conformational analysis of acridan
derivatives by nuclear magnetic resonance spectroscopy. A relationship between
conformation and pharmacological activity. J. Med. Chem. 17:805, 1974.

Digenis, G.A., Amos, H.E., Mitchell, G.E., Swintosky, J.V., Yang, K., Schelling, G.T.
and Parish, R.C. Methionine substitutes in ruminant nutrition 2. Stability of non-

nitrogenous compounds related to methionine during in vitro incubation with rumen
microorganisms. J. Pharm. Sci. 63:751, 1974.

Digenis, G.A., Amos, E.E., Yang, K., Mitchell, G.E., Little, C.D., Swintosky, J.V.,
Parish, R.C., Schelling, G.T., Dietz, E.M., and Tucker, R.E. Methionine substitutes
in ruminant nutrition 1. Stability cf nitrogenous compounds related to methionine
during in vitro incubation with rumen microorganisms. J. Pharm. Sci. 63:745, 1974.

Shambhu, M.B. and Digenis, G.A. Insoluble resins in organic syntheses II. Prepa-
ration and reactions of mixed carbonic-carboxylic anhydride on polystyrene. J.
Chem. Soc. (Chem. Com.) 619, 1974.

Koganty, R.R., Shambhu, M.B., and Digenis, G.A. Reactions of acid halides and
chloroformates involving an intermediate with dimethylformamide. Tetrahedron

Letters 4511, 1973.
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NAME TITLE BIRTHDATE /Ma, Oey, Yr.)
Director, Hematology-Oncology
Stephen Krauss
PLACE OF BIRTH (City, State, Country} PRESENT NATIONALITY (I non-U.S citizen, SEX

indicare kind of viss and axpirstion dete)

’ Pennsylvania USA T Mate ) Femaie

EDUCATION (Begin with daccalaurests treining end include postdoctoral)

YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD
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EEERTTE - 0 X AL AT R

Program in Dietetics

WMAJOR RE TINTEREST

Hematology-Oncology Consultant

AESEARCH SUPPORT [See instrucoons)

Fifty percent research and other external support through NIH Grant Number CA 13237 -
"Southeastern Cancer Study Group." Approved budget 08/01/79 - 07/31/80: $124,373.

RESEARCH AND/OR PROFESSIONAL EXPERIENCE /Starting with prasent positen, Jigt training sne nponm relovant to ares of project. List all
o Mmost representative publications. Do not axcesd 3 pages for sech individual, }

1970 - present University of Tennessee Memorial Research Center and Hospital,

Knoxville, TN.; Asscc. Prof. Research; Prof. of Medical Biology; Clinical
Assoc. Prof. Medicine; Clinical Prof. Medicine.

1965 - 1970 Mt. Sinai School of Medicine, New York, N.Y.; Res. Assistant, Dept. of
Hematology; Assoc. in Medicine; Asst. Prof. Medicine.

1964 - 1965 Research Instructor, State University of New York at Buffalo Medical
School, Buffalo, New York.

1962 - 1965 US Public Health Service Senior Trainee (Hematology-Oncology), Roswell
Park Memorial Institute, Buffalo, N.Y.

1959 - 1962 Residency (Hematology), Montefiore Hospital, New York.

1958 - 1959 Rotating Intern, Albert Einstein Medical Center, Philadelphia, PA.

Publications:

Lowenbraun, S., Bartolucci, A., Smalley, R.V., Lynn, M., Krauss, S., Durant, J.R., and

the Southeastern Cancer Study Group. The superiority of combination chemotherapy over
single agent chemotherapy in small cell lung carcinoma. Cancer 44: 406-413, 1979.

— Krauss, S., Sonoda, T., and Lozzio, C.B. Brief Report. Philadelphia chromsome-positive
& myeloblastic leukemia. J. Tenn. Med. Assce. 86-588, 1979,

ot
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RESEARCH PLAN

A. Specific Alms

11
Our overall objective is to evaluate the potential of using C-labeled natural
and unnatural amino acids in conjunction with positron emission computerized
tomography for the non-invasive differential diagnosis of pancreatic disease.

The use of radiopharmaceutical agents labeled with positron-emitting short-lived
radionuclides makes possible external detection by coincidence counting techniques
such as positron emission computerized tomography, which has the advantages of
improved resolution and localization independent of depth. This approach offers a
new non-invasive in vivo probe for quantitative and metabolic studies in man. It is
particularly appealing because metabolic precursors and physiologically active com-
pounds can be labeled with 11c (T1/2 = 20 min) or 13y (Ty/2 = 10 min) without changing
their biological properties; therefore, accurate external physiologic and metabolic
observations that are otherwise only possible by autoradiography ( 4c, 3H) or other
invasive analyses of excised tissue can be made. Furthermore, the use of short-lived

radionuclides permits sequential examinacions over short time intervals without undue
radiation exposure to the patient.

In selected patients with suspected cancer of the pancreas the uptake and distri-
bution of llc-labeled L-tryptophan or L-valine will be studied tomographically in
order to determine whether in man the L-isomer localizes to a higher degree in normal
pancreatic tissue than in neoplastic lesions of the pancreas, pancreatitis, pan-
creatic cysts, and benign tumors. (We have observed that DL-mixtures localize in both
normal pancreas and in pancreatic carcinoma.) In order to use the L-form of llc-
labeled tryptophan or valine for clinical investigations, a method will have to be
developed for resolving the DL-racemates of these llc-labeled amino acids rapidly
enough to be compatible with the short half-1ife of 11¢ (20.4 min). Both chromato-
graphic and enzymatic procedures will be investigated.

Patients will also be examined with either 11C—l-aminocyc1opentanecarboxylic acid
(11C-ACPC) or 11C—l-aminocyclobutanecarboxylic acid (11C-ACBC). alicyclic unnatural
amino acids that we have identified as tumor-localizing agents. The choice will be
based on a determination of the agent having the higher uptake in pancreatic tumors
relative to that in normal pancreas in man. Therefore, this research will test the
potential of using llc-1abeled L-tryptophan or L-valine in conjunction with 1lc-acpc

or 11C-ACBC for the differential dilagnosis of pancreatic disease by positron
tomography.

A further aim of this proposed work is to develop and test methods for the quanti-
tative analysis of the in vivo distribution of llC-labeled natural and unnatural amino
acids in normal pancreas and specific sites of pancreatic disease. We propose to
measure quantitatively amino acid extraction by pancreatic neoplasms before, during,
and after chemotherapy and/or radiation therapy, i.e., to develop a model technique
for objectively gauging response of pancreatic tumors to therapy based on metabolic
parameters rather than on standard radiographic¢ and subjective clinical evaluationms.

1f applicable, this approach could avoid time~consuming chemotherapeutic protocol
studies requiring large numbers of patients.

B. Significance

Carcinoma of the pancreas is now the fourth leading cause of death among cancer
patients in the United States (1). It is usually diagnosed at an advanced stage.
Although not yet proven, it is reasonable to assume that the prognosis for patients
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with cancer of the pancreas could be improved through earlier diagnosis and
treatment.

The development of computer-assisted tomogzraphy (CT) and ultrasound (US) have
greatly improved the diagnostic assessment of pancreatic carcinoma, although the
diagnostic accuracy is not better than 84% for CT or 80% for US, as was shown by
Husband et al (2), and rarely are tumors measuring less than 2 cm in diameter
detected by these methods. Other US studies by Feinberg et al (3) gave accurate
diagnostic information in 93.8% of the cases. Haaga et al (4) diagnosed pancreatic
neoplasms with CT correctly in 28 of 32 cases whereas US was incorrect in 3 of 7
patients. The accuracy of US in diagnosing pancreatic carcinoma varies considerably

from laboratory to laboratory, but nevertheless US seems to be quite helpful as a
screening method.

A nuclear medical technique employed with some success for dlagnesis of pancre-
atic carcinoma involves imaging of the pancreas with a modified amino acid, 5se-
labeled L-selenomethionine. The pancreas is known to have a selective avidity for
many amino acids (5). The use of a modified methionine is, however, not based on
its avidity for pancreas so much as on the fact that methionine contains a sulfur
atom which can be replaceé¢ by the gamma-emitting radionuclide 75Se without greatly
altering the localization of the amino acid in the pancreas (6). With this technique
cancers of the pancreas are seen as areas of decreased or absent uptake when the
organ is visualized, usually by 99mTc-colloid liver subtraction techniques (7). The
procedure has been successful enough to become rather widely adopted, but it 1is far
from ideal for several reasons: (1) the normal variability in the shape and position
of the pancreas, (2) the presence of overlying organs anteriorly and posteriorly,

(3) poorly explained variabilities in radiopharmaceutrical concentration in the organ
(in spite of various dietary regimens), and (4) high radiation dose to the patient
due to the long physical half-life of ’SSe (120 days) and the long biologic half-time
of the agent (70 days). The general consensus appears to be that 755e-L-seleno-
methionine scanning of the pancreas does not significantly contribute to the early
diagnosis of cancer of the pancreas (8,9). Other extrastructurally labeled amino
acids such as 123I-A-iodopheny1alanine (10), 12371-5- and 6-iodotryptophan (10), and

18f-5- and 6-fluorotryptophan (11) have been synthesized but did not appear to be
promising pancreas~scanning agents.

The work proposed in this application involves the use of 11C—labe1ed amino acids
in the diagnosis of pancreatic diseases by positron emission computerized tomography.
Although most naturally occurring amino acids show a significant affinity for the
pancreas, two of them, tryptophan and valine, appear from animal studies to have the
highest degree of pancreatic specificity (5, 12-14).

Washburn, Hayes, and co-workers of this laboratory have developed methods for
synthesizing 11c 1abeled amino acids (15,16), and our laboratory is at present the
only one in the United States to have used these agents in positron tomographic
clinical investigations. The production method, a rapid, high-temperature, high-
pressure modification of the Bucherer-Strecker amino acid synthesis, gives racemic

mixtures of 11C-labelad amino acids. (Reference 16, attached as Appendix A, gives
details of the method.)

Up to this point our clinical experience with 11C—labeled tryptophan and valine
has been restricted to the DL racemates (17,.8) because resclution methods rapid

enough to be compatible with the 20.4 min Ty/2 of 11¢ have not been eveloped for
these amino acids.
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Research Plan: Significance (continued)

In order to accomplish the main task of this proposal, namely to develop a highly
effective method for the differential diagnosis of pancreatic diseases, it is of
utmost importance that we use the L-isomer of either llc-1abeled tryptophan or valine
for positron tomography of the pancreas. The optical isomers of amino acids show
distinctly different uptake behaviors in cancerous and normal pancreatic tissue.
Tamemasa (19) has shown that the L-isomers have a high affinity for pancreas and
other normal tissues, whereas the D-forms tend to localize preferentially in neo-
plastic lesions. Therefore, the DL-form would be expected to share the character-
istics of both enantiomers and concentrate in normal pancreas and pancreatic tumors
to an approximately equal degree. We have observed this type behavior with 1lc-pL-
tryptophan in our preliminary clinical studies. By using the L-optical form of
tryptophan or valine, we feel we should be able to distinguish between functioning
normal pancreas and any disease processes that are present. Malignant lesions could
then be further differentiated from benign, cystic, and inflammatory processes by
using either llc-acPC or 11C-ACBC, alicyclic unnatural amino acids that show prefer-
ential uptakes in tumor tissue but low affinities for inflammatory lesions (20).

This non-invasive technique could thus provide for the differential diagnosis of
pancreatic diseases, hopefully at an early stage.

Pancreas scanning with 755e-L-selenomethion1ne and recent studies by Comar and
co-workers (21) with llC-L-methionine and positron tomography show that neoplastic
lesions of the pancreas do appear as defects in the normal pancreatic image. (The
production method for 11C-L-methionine, methylation of L-homocysteine with 116&31
is not applicable to other llc-1abeled amino acids. ) These findings, coupled with
our -own observations ,have prompted our interest in using 11lc-1abeled L-tryptophan or

L-valine as differential pancreas-scanning agents in conjunctiorn with 1lc-acPC or
1lc-acBC.

In collaboration with Dr. G. Digenis of the University of Kentucky, we have
successfully resolved 11C-DL—phenylalanine into its D- and L-isomers by oxidative
deamination using immobilized L~ and D-amino acid oxidase, respectively (22). The
yields for 1lcop- and L-phenylalanine were 19 mCi and 27 mCi. Purification was
accomplished by cation exchange chromatography, and the optical purity was established
by optical rotatory dispersion. Resolution and purification required 35 minutes.

This enzymatic method should be applicable to the resolution of other 11C—labeled
amino acids, including llc-pL- -tryptophan and 1lc_pr-valine.

Several reports (23-25) have appeared recently concerning direct resolution of
amino acid enantiomers by high pressure liquid chromatography (HPLC). Although
resolution of llC-labeled amino acids has not yet been reported, the technique seems
ideal for this application. The most promising HPLC method involves use of a
stationary phase made by coupling optically active proline to a suitable HPLC packing
and then complexing with cupric ions. The potential advantages of the HPLC method
are its speed c¢f separation and the fewer manipulations that are required, relative
to the enzymatic method. The technique does not appear to be general for all amino

acids, but fortunately tryptophan and valine are among the amino acids most suited
to the method (23).

Another method uses a classical HPLC packing and a chiral mobile phase. However,
this method is difficult to ise in a preparative way because of the problems en-
countered in separating the mixturz obtained by solvent evaporation of the isolated

fractions; therefore, according to Audebert (26), 2t is recommended only for
analytical purposes.
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Stewart and Doherty (27) have completely resolved DL-trvptophan by affinity
chromatography on bovine-serum albumin-agarose columns. This resolution is based on
a highly specific biological property, the antipodal specificity in the binding of
tryptophan_to bovine-serum albumin. This appears to be the method of choice for
resolving llC-DL-tryptophan. The disadvantage of this method is its lack of
generality for other amino acids.

Research Plan: Significance (continued)

The development of a method for rapidly resolving the L-form of amino acids from
their DL-racemates as proposed in this project would be a significant contribution to
basic research into the function of the human pancreas and to research i{in amino acid
metabolism in general. It would open the door to in vivo assessment of uptake,

kinetics and metabolism of natural, metabolizable amino acids in organs such as brain,
heart, and liver, as well as the pancreas.

The success of the project depends on progress in the resolution of 11C-amino
acid racemates but equally important is the development of computer capability and
the acquisition of an updated ECAT scanner (equivalent to ECAT II). Correct staging
of malignant tumors and objective evaluation and measurement of the response of
tumors to therapy is not always possible. It is especially difficult to measure
regression of tumors early after initiation of therapy, and a method that allows
objective external measurement of biological/metabolic changes induced by treatment
would be highly desirable. 1In this proposed research we will attempt to develop a
biologic "caliper" to measure pancreatic tumor response to therapy by using quanti-
tative positron emission computerized tomography to measure the fraction of 1c-acpc
or 11C~-ACBC extracted by a tumor. This kind of tomographic test would be an
extremely useful research tool for monitoring therapy, and it could be the basis for
a later development of a simple test using conventional external counting methods.

C. Preliminary Studies

On the basis of the partial success of dilagnostic procedures with radiopharma-
ceuticals such as 75Se-L—selenomethionine, we have undertaken to try a series of
related diagnostic methods that take advantage of several potential improvements:

(a) As stated above, certain amino acids show a greater tendency to concentrate
in the pancreas than does 5Se-L-selenomethionine. In animal work carried out by
ourselves (13,14) and others (5,12), both DL-tryptophan and DL-valine have been shown
to have a high affinity for the pancreas. We have shown that these llc-1abeled amino
acids can be rapidly synthesized and purified in quantities adequate for pancreas
visualization in animals and man (15,16). Table 1 shows our production experience
for the four 11C-labeled amino acids discussed in this proposal. (The method is quite
general and is useful for production of many other 1lc_1abeled amino acids.) We are
able to produce multiple batches of 1lC-labeled amino acids_at intervals of 1 hr or
less by overlapping the various steps, i.e., generation of Ic activity, amino acid
synthesis, amino acid purification, and column regeneration. In a typical all-day

run, we routinely produce four or more batches of various llc-1abeled amino acids for
clinical or preclinical investigation.

(b) We can take advantage of the special radiation characteristics of llC.
Decay by positron emission is accompanied by the production of two annihilation
photons emitted at an angle of 180° to each other. Using recently developed instru-
mentation that utilizes these coincident annihilation photons and the techniques
associated with transmission computerized tomography, it is possible to reconstruct
cross-sectional images that show three-dimensionally the source of positron-emitting
activity in the bzdy (28,29). The distinct aivantage of this type of imaging is that

2
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Rescarch Plan: Preliminary Studies (continued)

Table 1
C-Labeled Amino Acid Production at M&HSD/ORAU
(Through March 4, 1980)

11

Total Number Average Highest
Number Patients Activity Yield
Amino Acid Batches Studied (mC1i/batch) (mC1)
e pL-valine 38 18 160 360
llc-pL-Tryptophan 57 51 118* 330
1lc-Acpc 76 59 96% 300
1lc-acBC 43 36 135 420

* In early development of these compounds the ylelds were low.

it provides high resolution and avolds image distortion due to surrounding radio-
activity. Furthermore, the image obtained is subject to quantitative analysis (30).
The Medical and Health Sciences Division of Oak Ridge Associated Universities has had
a commercially available positron emission computerized tomographic scanner (ECAT I)
available for clinical investigations since May 1977. By combining the advantages of
lc-1abeled DL-tryptophan or DL-valine with this optimal-type imaging, it was antici-
pated that greatly improved pancreatic diagnostic results could be obtained. Carci-

nomas were expected to be seen as areas of decreased or absent concentration as is
the case with /JSe-L-selenomethionine.

(c) Based on this concept, we also developed a method for labeling the unnatural
alicyclic amino acids l-aminocyclogentanecarboxylic acid (ACPC) and l-aminocyclo~-
butanecarboxylic acid (ACBC) with 11C because of their potential as tumor-localizing
afents, particularly when used in conjunction with positron tomography (31,32). Thus
1Ic_acpC and 1c_ACBC were developed for confirmation of suspected malignancies seen
on llc"DL-tryptophan or llc-DL-valine scans of the pancreas.

Our results have shown that positron emission computerized tomographic (ECT)
imaging of the pancreas with llC-carboxyl-labeled DL-tryptophan and DL-valine allows
physiologic studies by imaging and has the potential to measure in vivo the utili-
zation of metabolic substrates or analogs. Positron tomographic studies (examples are
shown in Appendix B) supplement the morphologic information obtained by ultrasound
(US) and transmission computerized tomography (CT). A group of 29 patients with
proven or suspected pancreatic disease were examined with positron ECT; 18 of these
subjects were also studied with US and transmission CT. 1In 26 patients with known
clinical outcomes, positron ECT gave one false positive and three false negative
results (17). Ultrasound and/or transmission CT failed to show three proven lesionms.
Uptake of 1 C-DL-tryptophan clearly delineated three pancreatic carcinomas and one
lymphoma. In normal subjects positron tomography with these agents invariably showed
the pancreas with striking clarity. These observations indicate that positron
tomography provides a unique method for visualizing biologic activity and that quanti-
tative analysis of amino acid utilization should be possible with this non-invasive
technique. The fact that selective pancreatic localization of these agents occurs
almost immediately after intravenous injection means that the short half-life of 1llC
rather than being a disadvantage is on the contrary actually an asset in terms of
lowered radiation dose and the possibility of frequent repetition of scans.

Our finding that the racemic forms of 11C—valine and llc-tryptophan localized to
a significant degree in puncreatic reoplasms was unexpected. We had expected to see
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carcinomas as zones of decreased or absent concentration as is the case with 75Se-L-—
selenomethionine. Especially in view of findings published by Tamemasa et al (19),

it is likely that the presence of the D isomer is responsible for the tumor .{finity
observed with the amino acid racemates we used in our studies.

Research Plan: Preliminary Studies (continued)

We have shown the general usefulness of the unnatural amino acid 11C-ACBC as a
tumor-localizing agent in conjunction with positron tomography. Our present
experience with 11C-ACBC is limited to 36 patients. The variety of neoplasms that
concentrate 1lC-ACBC very rapidly after intravenous injections includes bronchogenic
carcinoma, metastatic mammary Ca, Ca of the stomach, lymphomas (33), and poorly
differentiated carcinomas, as well as cancer of the pancreas. 11c-ACBC cannot be

metabolized and shows promise as a useful tool for measuring the metabolic activity
and/or the proliferative stage of tumors.

An important factor in the total success of our proposed project involves quanti-
tation using an ECAT positron emission computerized tomograph. In the course of over
two years experlence 1in patient studies and as a result of intentional computer
program challenges in phantom studies, we have observed some serious deficiencies in
the performance of our ECAT; 1.e., phantom studies indicate that reconstructed data,
in terms of calculated image "quantity" versus "dose", is not a linear function. The
amount of isotope measured in a particular region of a reconstructed image is both
a function of the image size (34) and the amount of positron emitter present (a non-
linear function, due to randoms)! The "measured" amount of activity in an area as a
function of time, if the effect of count rate were to be ignored, 1is of little
significance in the pancreas, as the size of that organ does not change significantly.
However, the ability of the pancreas tc extract the various labeled agents which we
propose to use, and therefore the relative amount of Compton and random scatter con-
tributing to a calculation of relative isotope uptake, will influence our measurement

" of the rate of suppression (or lack thereof) of the cancerous tissues' growth. Our
experience with calculations on phantoms has drammatically shown the effect of both
image size (equivalent in part to tumor size) and count rate (equivalent to tumor
uptake% on quantification of our results. A 30% or greater variation in count rate

per cm“ has not been uncommon in our data, despite efforts to correct the data for
known non-linearities.

We have improved on the basic software provided with the original ECAT I system,
initiating procedures involving multi-level transmission image data correction,
Compton scatter correction, outlier data squelching, background subtraction routines,
etc., but we are still in need of better data, as collected, to quantify and con-
fidently analyze our results in a quantitative manner.

A new version of the ECAT, ECAT 1I, overcomes to a great extent the problems we
have encountered with our ECAT I (35). We, therefore, propose to update our ECAT I
electronically to an ECAT II and have accordingly inzluded funds in our proposal to
accomplish this during the first year of the project. Preliminary evidence of
attempts to improve the quantitative capabilities as outlined under Methods:
"Improvement of Quantitative Imaging" suggests that not all the problems will be

completely corrected. But any corrections devised for ECAT I will also be applicable
to ECAT 1II.
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Research Plan:

D. Methods

Resolution of 11C—labeled amino acids

An essential part of this proposal is the ?evelopment of analytical techniques
for rapidly resolving the racemic mixtures of lc-1abeled amino acids which result
from the modified Bucherer-Strecker synthesis. Our production method (16) has
produced (Table 1) up to 330 mCi of 1 C-DL-tryptophan and 360 mCi of llcopr-valine in
a total synthesis and purification time of 40-45 min, one-half of which is devoted to
synthesis and the other half to chromatographic purification. (See Appendix A for
details.) Because of our high production capability, we should, therefore, be able
to separate the L-isomers from these racemates and still have more than an adequate

amount of llC-labeled L-tryptophan or L-valine for clinical studies (™ 10-15 mCi will
be required).

We propose to combine resolution and purification through use of recently
developed chromatographic or enzymatic techniques. This should result in an overall
synthesis, resolution, and purification time which is compatible with the 20.4 min
half-life of 11C. This production time could, in fact, be no longer than the 40-45
min currently required for 1lc_ 1abeled racemic amino acids.

Based on our initial clinical studies of llC-DL-tryptophan and llC-DL-valine (see
Preliminary Studies) and animal studies by both our group (13,14) and others (5,12),
tryptophan appears to be considerably more specific for the pancreas than valine.
Proposed studies during the first year of support will further compare the two agents
(see following section on proposed clinical investigations). 1If 1 C-DL-tryptophan 1is
indeed shown to be superior, our resolution efforts will be concentrated on this

agent. Resolution of llc-pL-valine will be attempted only if attempts to resolve Ne.
DL-tryptophan are unsuccessful.

The method of choice for resolution of 11C-DL—tryptophan appears to be affinity
chromatography on bovine-serum albumin-agarose columns as reported by Stewart and
Doherty (27). The stationary phase is prepared by linking defatted bovine-serum
albumin to cyanogen bromide-activated Sepharose 4B by an ethyvlenediamine-succinic acid
leash. The method is highly specific for resolving DL-tryptophan, utilizing the
differential binding constants of bovine-serum albumin for the optical antipodes of
this amino acid. The column is equilibrated with pH 9.2 0.1 M borate buffer, the
racemic tryptophan mixture is loaded, and D-tryptophan is eluted with the same 0.1 M
borate buffer. L-Tryptophan is then eluted with 0.1 M acetic acid. Excellent
resolution was obtained with 500 nmol of DL-tryptophan on a 0.9 x 25-cm column with
a flow rate of 30 ml/hr. For resolution of 11C—DL-tryptophan at the reaction scale
now used (0.1 mmole), a larger column will be required, probably on the order of
2.5 x 25 cm. Column flow rates will be increased by using 7-9 psi of positive air
pressure, as we currently do for our other column separations (16). It should be
possible to use the bovine-serum albumin-agarose affinity column as a preliminary
purification step (in place of the Porapak Q column which we now use), followed by

cation-exchange chromatography for final purification and concentration of the 11l¢-L-
tryptophan sciution.

A product called CH-Sepharose 4B is available from Pharmacia Fine Chemicals which
has free carboxyl groups at the end of 6-carbon spacer arms. Ligands containing
primary amino groups can easily be coupled by the carbodiimide procedure. The con-
centration of spacer arms is 10-14 imoles per ml of swollen gel. Use of this
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Research Plan: Methods (continued)

commercial product may be preferable to the procedure of Stewart and Doherty because
the concentration of spacer arms and thus the concentration of coupled protein can be
made uniform from batch to batch. The size of the spacer arms is similar irn the two
products and thus similar resolution results should be obtained.

If the resolution of llC-DL-—tryptophan described above should unexpectedly faill,
high pressure liquid chromatographic (HPLC) methods will be employed for resolution
of this amino acid or llc-DL-valine. Many reports have appeared in the literature
in recent years concerning the use of chiral stationary phases for the direct
resolution of racemates by ligand-exchange chromatography (23-25). For resolution of
amino acid racemates, an optically active amino acid, usually L-proline, is coupled
to a stationary phase suitable for HPLC and the resulting resin is complexed with
metal ions, normally cupric ions. The modified stationary phase is then packed into
an HPLC column by conventional techniques. The mobile phase is typically water or an
aqueous buffer system. With L-proline, the D-amino acid is usually eluted first, but
it should be possible to reverse this order and thus save time by using D-proline
instead of L-proline in the preparation of the stationary phase. The work to date
with these methods has been limited to analytical applications; however, by using
larger, semi-preparative HPLC columns, it should be possible to resolve llc-1abeled
amino acid racemates at the 0.1 mmole reaction scale which we generally use. The
HPLC method may be used by itself or it may be necessary to use the method for
resolution and preliminary purification, followed by final purification and concen-

tration using cation-exchange chromatography, as discussed above for affinity
chromatography.

We have communicated (Appendix C) with Drs. B. Lefebvre and R. Audebert of
Laboratoire de Physico~-Chimie Macromoléculaire, 1'Université Pierre et Marie Curie,
Paris, France, about the availability of a chiral hydrophilic gel which they used
with great success in the resolution of several racemic amino acid mixtures (24).
These researchers kindly replied (Appendix D) that the hydrophilic packing is to be

manufactured by an industrial firm in the near future and promised to send us a
sample when it becomes available.

Should_the chromatographic methods described above not be successful for
resolving C-DL-tryptophan or C-DL-valine, we will use the enzymatic method
developed by Dr. G. Digenis of the University of Kentucky School of Pharmacy in
collaboration with our research group (22). Dr. Digenis has agreed to act as a
consultant to this project at no charge (see Biographical Sketch). The method has
to date been used only for resolution of 1C-DL-pheny1alanine but should be quite
easily adaptable to other *~“C-labeled amino acid racemates, including llcpr-
tryptophan and llc-pL-valine. The procedure involves oxidative deamination using
the appropriate immobilized amino acid oxidase (AAO); i.e., if the L-enantiomer is
desired, as in the proposed clinical studies, the immobilized D-AAO would be used to
cause selective degradation of the unwanted D-enantiomer. For the 1lc-DL-
phenylalanine resolution studies, L-AAO was immobilized on diazotized arylamine glass
beads and D-AAO was bound to cyanogen bromide - activated Sepharose 4B. Immobilized
L-AAO and D-AAO were incubated at 37° with buffered 11C—DL-phenylalanine solutions at
pH's of 6.8 and 9.0, respectively. The optically active amino acid in each case was
separated from phenylpyruvic acid (the product of oxidative deamination) by cation-
exchange chromatography. 1In the 1C-DL-phenylalanine studies, the resolution and
purification were done on a previously purified racemic amino acid solution.
Therefore, 35 min was required in addition to the 40-45 min needed for production of
the purified llc-amino acid racemate, for a total of 75-80 min. We will evaluate the
feasibility of eliminating the preliminary separation steps and using the crude
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reaction mixture directlv for enzvmatic resolution. This would result in a saving of

v 20 minutes, givin§ a net production time of 55-60 min, which is compatible with the
short half-life of lc.

The proposed schedule for resolution of llC—labeled amino acids is as follows:

(1) During the first year the various resolution methods will be evaluated largely
using unlabeled compounds. A limited aumber of developmental cyclotron runs would
also be required during the latter part of the first grant year. (2) In the second
year of grant support, technique development will be completed, requiring an in-
creased number of developmental cyclotron runs. Tissue distribution studies using
the 1llC-labeled resolved amino acid to be studied clinically will be performed in two
animal speciles in support of an Investigational New Drug (IND) application to be
filed with the U.S. Food and Drug Administration; the agent will then be made avail-
able for clinical use during the latter part of the second grant year. (3) During

the third grant year the llc-)abeled resolved amino acid will be made available for
continued clinical trials.

Clinical Investigation

Clinical investigations using llC—labeled amino acids in conjunction with posi-

tron emission computerized tomography will be divided into three phases over the
3-year study period.

During the first year emphasis will be placed on comparison of 11C-ACPC and
11¢_ACBC and of llC-DL—cryptophan and 1l¢c-DL-valine with regard to differential
uptake in pancreas versus tumor in patlents with stronglyv suspected pancreatic
zarcinoma. By the end of the first year the updated ECAT scanner (ECAT Il) will be
available for clinical use and our studies will be expanded beyond imaging into
quantitative measurements of amino acid concentrations in pancreatic tumors before,
during, and after treatment (see Quantitative Imaging). Late in the second year the
1ll¢-jabeled L-form of tryptophan or valine is expected to be available for clinical
use. These clinical studies will then be completed in the third year.

Clinical investigations in the first year will first focus on comparing 11C-ACPC
and llc-acBc using positron tomography in patients with suspected pancreatic carci-
noma to determine whether *+C-ACPC might have an advantage over 11c-ACBC in the
diagnosis of pancreatic tumors. Our previous experience with 11¢c-ACPC and recti-
linear scanning (20) has shown that little 1lc_acec is taken up by the human pancreas,
but high concentrations of this unnatural amino acid have been observed in pancreatic
tumors. On the other hand -1C-ACBC seemi to concentrate almost as well in normal
pancreas as in tumors of the pancreas. 1C-DL-Tryptophan and 1lc-DL-valine will be

similarli compared to further investigate the apparently greater pancreatic specifi-
city of 1C-DL-tryptophan found in preliminary studies.

In a separate study, we are planning to investigate the efficacy of 11C-labeled
amino acids in conjunction with positron tomography for assessing the response of
panreatic carcinoma to therapy._ This group of patients will be examined before,
during and after therapy with 1lc_acpc or 1c-ACBC and 11C-DL-tryptophan or llc-pL-
valine (depending on the results of the initial comparison of the two pairs of amino
acids). Quantitation of amino acid distribution in the pancreas or tumors will be
accomplished by placing a reference source containing a known fraction of the dose in
the field of view during the patient scans. The reference source will be contained
in a disposable 60 cc syringe having a diameter of 2.8 cm. The radiocactive solution
in the syringe will extend across the ent?re plane of the field of view of the
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detector system (3.7 cm). Patient scans will be done with 9 mm spacing hetween
planes. When a region of the pancreas or a tumor is demonstrated in three consecu-
tive planes, the center plane will be used for quantitative analysis. Counts in a
region of interest will be compared to the counts in the reference source to quanti-
tate activity. QResults will be expressed in uCi/cm3. The protocol for the first
year is outlined in the following table (Table 2):

Table 2
Clinical Investigations During First Year
No. Patients Patient Selection Criteria Scanning Agent
10 Strongly suspected pancreatic Ca (pain, llc-AcPC and 11C-ACBC on same
weight loss, anorexla and possibly day hefore surgery or blopsy
jaundice) 11
5 As above 11C-DL-tryptophan and “+C-DL-

valine on same day before
surgery or bilopsy
5 Patients receiving chemotherapy and/or llc_acpc (or 11C-ACBC) and
radiation therapy for pancreatic Ca* 11C-DL--tryptophan (or 11c-
DL-valine) on same day x 3

* Positron tomography scans with the two preferred scanning agents will be done
before, during and after a course of therapy.

Table 3 lists the clinical information needed for the patients selected for the
studies outlined in Table 2.

Table 3
Clinical Information Required
Radiographic Acceptable
Laboratory Studies Experimental Confirmatory
General Tests (rot mandatory) Studies Examinations
History Serum amylase GI series Transmission CT ERCP with cytology
and Urine amylase Barium enema Ultrasound Directed biopsy
Treatment CEA Gallbladder ECAT positron Surgery
Lipase tomography Subcutaneous
Endoscopy cholangiogram
Arteriogram

The endpoints of the first year's studies will be the following:

1. Decision on the superiority of 1]C-ACPC or 1
pancreatic cancer with positron tomograghy.

2. Decision on the superiority of 1C-DL-tryptophan or 1lc-pL-valine for imaging
normal pancreatic tissue with positron tomography.

3. Coumplete scan data collection on five patients receiving treatment for

pancreas carcinoma for quantitative analysis during second year of funding period
with ECAT II capability.

4. Confirm diagnosis.
5. Determination of morbidity and risk factors.

C-ACEC for selectively imaging

During the second year we anticipate that we will have avallable a quantitat Lve
ECAT II system for in vivo metabolic studies in patients with pancreatic cancer and
chronic relapsing pancreatitis. Use of the updated ECAT system (ECAT IT) should not
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only yield data amenable to quantification, but should also give us the advantage of
simultaneous image reconstruction cojoint with image acquisition; this will allow for
immediate rescanning, thus providing efficiency in instrument use. 1In the second
year we will expand the series of quantitative in vivo studies by 10 patients in the
pancreas cancer therapy group and also study 10 patients with chronic pancreatitis
during different phases of their disease. Each patient will be examined three times
during the course of the disease as outlined in Table 4.

In addition, we project that 11C-L-—tryptophan (or 11C-L—valine) will become
available for clinical use during the latter part of the second grant year. There-
fore, five patients with suspected pancreatic carcinoma will be studied using 1lc.
L-tryptophan (or 1lc-L-valine) in conjunction with 11C-ACPC (or 11C-ACBC) in a pre-
liminary test of this regimen for differential diagnosis of pancreatic carcinoma.

Table 4
Clinical Investigations During Second Year
No. Patients Patient Selection Criteria Scanning Agents
10 Patients receiving chemotherapy and/or e acec (or 1lc-acBe)
radiation therapy for pancreatic Ca* and 11C-DL-tryptophan
(or 11c-DL-valine) x 3
10 Patients with chronic pancreatitis* 1lc_acpe (or llc-acBc)

and 11C-DL-tryptophan
(or 11c-pL-valine) x 3

5 Patients with suspected pancreatic Ca 1lc-AcPC (or 11C-ACBC)
and llC-—L-tryptophan (or
11C-L—valine)

Positron tomography scans will be done with the two preferred scanning agents
at several stages of the disease.

x

The clinical information needed is the same as that indicated in Table 3.
Endpoints of the studies projected for the second year are to:

1. Determine the effect of successful treatment and tumor progression on the
uptake of llc-AcPC (or llc-ACBC) and llC-DL-tryptophan (or 1l1c-DL-valine) in patients
undergoing therapy for pancreatic carcinoma.

2. Determine the effect of the phase of pancreatitis on the uptake of the same
agents.

3. Determine whether ECAT II techniques can be applied to quantitate accurately
amino acid extraction/utilization by tumors of the pancreas.

4. Determine whether the prognostic information obtained with this approach
corresponds with the clinical response to therapy.

During the third year clinical studies with 11C—L—tryptophan (or 11C-L-valine)
in conjunction with llc-acpe (or 11C-ACBC) to determine the potential of this method
for the non-invasive, accurate diagnosis of pancreatic carcinoma will be completed.
In addition the quantitative studies in patients undergoing treatment for pancreatic
carcinoma will continue through the third year. The outline for the clinical studiej

during the third year is given in Table 5.
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Table 5
Clinical Investigations During Third Year
No. Patients Patient Selection Criteria Scanning Agents
10 Suspected pancreatic carcinoma llC—L-tryptophan (or

11C—L-valine) and 1lc-
ACPC (or 1lc-acBC)

15 Patients with proven pancreatic carci- 11C-L—tryptophan (or 1lc-
noma undergoing chemotherapy¥* L-valine) and llc-acpc
(or llc-acBC) x 3

* Patients in this group will be scanned one time each before, during and after
the first course of cyclic chemotherapy.

Endpoints of clinical investigations in the third year will be to:

1. Verify in humans the potential utility of positron tomography using a com-
bination of a natural llC-labeled L-amino acid to visualize the normal pancreas and
an unnatural 1lc-labeled amino acid for the differential diagnosis of pancreatic
disease.

2. To provide evidence that in vivo measurements of amino acid extraction/
utilization by pancreatic cancer could be applied to accurately gauge the response
of such cancers to therapy.

3. To collect information for a comparative cost analysis between conventional
staging and gauging procedures used in developmental chemotherapy protocols and the

in vivo measurements of the proliferative activity of pancreatic cancers as planned
for this proposal.

Improvement of Quantitative Imaging

It is well recognized that unwanted scattered radiation events occur as a
function of scattering medium and count rate. True coincidence counting and the
development of high quality images and accurate quantitation is the goal of positron
tomography systems with their associated computational programs.

In our present system (ECAT I), singles, accidental coincidences, and scattered
coincidence events tend to mask the true coincidence data. Extraneous events,

accepted as true events, have accounted for up to 60% of the data collected in scans
of phantoms using this system.

In several of our phantom studies we have made attempts to linearize the
response of our system to known concentration levels in the field of view.
tation techniques used have included background subtraction of data from the
collected images and the development of software to estimate body densities and
produce a refined body attenuation estimate for use in back projection algorithms.

Compu-

Consistently, we have found that whatever technique we use, our correction
scheme must take into account the total count rate of the system. For example with
a low count rate phantom we found it best to back project using an 8% background

subtract figure, but the same phantom required almost a 16% correction when the
phantom count rate was four times as high.
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The addition of a delayed coincidence gate and other assocliated hardware and
software improvements availlable 1in the ECAT II system would allow us to estimate
the amount of '"random' coincidences occurring in the image as it is collected and
permit real time or later "randoms" correction. While this technique will not

remove all unwanted events, it will tend to linearize the system with respect to its

present intensity versus count rate nonlinearities.

We shall specifically therefore continue software development which will yielid
improved images, by acquiring experience with both patient and phantom studies, and
applying and upgrading our analysis schemes. Our present schemes, as mentioned,
include operations such as background subtract, outlier squelching, normalization,
transmission data file manipulation, etc. It is anticipated that some combination
of these methods, including perhaps an as yet untried Compton scattering correction
routine, will yield a computational protocol which will be invariant from phantom
to phantom, count rate independent, and linear.

Listed below are some of the computation techniques we will study:

1. Emission Data Corrections:
a. Background subtraction techniques

(1) Constant value

(2) Percentage of maximum '

(3) Ramp(s) calculated from data files to edge of body
(4) Combinations of 1,2,3

(5) Nonlinear amount based upon square of count rate

b. Blanking outside body outline
2. Transmission Data Corrections

a. Single level transmission data estimation
b. Multilevel body outline estimation
¢. Data bounding, smoothing

3. Transmission-corrected Emission Data

a. Data bounding (outlier squelching)
b. Data projection normalization
c. Randoms subtraction (linear and nonlinear)

Our approach to quantification will include detailed studies on the effects of
scattered radiation on the quality of our collected data. For example, a typical
human torso, if modeled as an ellipse, might be 15 cm along the short axis and 30 cm
along the long axis. A point source, located at the origin of this ellipse, would
not be equally sensed in all projections, due to varving thicknesses of material
between the source and sensor. In fact, using an attenuation coefficient of

0.1 cm™, only 7.4 to 22.5Z of the radiation would be sensed in any given projection
compared to the non-attenuated case.
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At 511 kev, for water, only 35X of incident gamma rays are absorbed in Co.pton
scattering, the remainder are primarily forward scattered albeit at a degraded
energy level. It 1is apparent from our phantom studies that some of this forward
scattered radiation must be being detected, as calculations on both emission and
transmission data show increases in count rate levels over that predicted by theory
for phantoms with attenuation. This data has been confirmed both by comparing
sensed radiation levels for various phantoms involving several levels of activity,
and by comparing transmission data through known thicknesses of water with that of
air. Further, from observation of all phantom and patient data, we note that

" radiation is sensed in all areas of the initial data files where there is only air

pPresent.

Preliminary data has indicated to us that the Compton scattering phenomena, at
least as measured in air outside our phantoms, might be mathematically modeled as
arising from a convolution of an exponential function with an apparent true distri-
bution. The rate of fall of the exponential function seems somehow to be related

to the attenuation properties of the phantom. An explanation for this behavior will

be one of our goals.

E. Facilities Available

1. Laboratory space

Our equipped radiopharmaceutical development research space consists of
2 large (750 sq. ft. each) and 2 smaller laboratories (500 sq. ft. each), all with
fume hoods. A positive pressure "clean room" with 2 vertical laminar flow benches
{1 recirculating, 1 exhaust) is available for final preparation of labeled
materials before administration to patients.

2. Cyclotron Complex

The Oak Ridge National Laboratory's 86-inch cyclotron accelerates protons
to an energy of 22 MeV; internal beam intensities up to 3000 LA are available. It
has 8-inch wide dees and &4~-inch dee-to-dee and dee-to-ground spacing and operates
at 9,000 oersteds at a frequency of 13.4 Mc/sec. Three 20-inch oil diffusion pumps
provide high pumping speed, moving 15,000 liters/sec at the operating pressure of
3 x 10-5 torr. An alteration to the 86-inch cyclotron which will permit rapid,
remote changing of targets is to be installed in the spring of 1981; this should
result in greater cyclotron availability. A hot cell is located approximately
S0 ft. from the cyclotron. This hot cell has power-assisted manipulators and a
hoist on an overhead rail which can be maneuvered over most of the cell area.

3. Animal Facilities

Adequate space is available for housing of animals on the 3rd floor of the
existing Medical and Health Sciences Division building on Vance Road. The facility
is accredited by the American Association for Accreditation of Laboratory Animal
Care, and care of the animals is under the supervision of a veterinarian,

Dr. Conrad B. Richter. Established standards of laboratory animal care, promulgate
by the DHEW [Publication No. (NIH) 72-73] will be observed.
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4, Clinical Studies

Clinical tests will be carried out at the Oak Ridge Associated Unlversities
Medical and Health Sciences Division facilities in Oak Ridge. The patients will
come from referring physicians at the Oak Ridge Hospital, the Knoxville hospitals,
and other nearby institutions such as Vanderbilt University and the Veterans
Administration Hospital in Nashville. The Medical and Health Sciences Division
has a long history of cooperation with referring physicians and demonstrated
ability to attract patients for experimental work. All propesed clinical studies
will receive prior approval from the ORAU Human Studies Committee and the U.S.
Food and Drug Administration before they are carried out in patients. Informed
consent will be obtained for each study.

5. Equipment

a. Nuclear medical instrumentation

(1) ORTEC ECAT-I whole body positron emission computerized tomograph
which will be upgraded to an ECAT II version (delivery and acceptance testing to
require approximately 4-5 months from date of order).

(2) Pho/Gamma V scintillation camera.

(3) Ohio Nuclear dual-head rectilinear scanner modified for coincidence
detection.

(4) Associated equipment for monitoring and administering radio-
pharmaceuticals.

b. Other equipment

(1) Two HPLC chromatographs.
(2) HPLC refractive index and variable wavelength UV detectors.

(3) HPLC gradient generator and strip chart recorder with computing
integrator.

(4) Four peristaltic pumps and fraction collectors with UV monitors
and recorders.

(5) Data Trac.
(6) Packard liquid scintillation counter.

(7) Packard refriperated automatic gamma-scintillation counter.
(8) Cary Model 14 recording spectrophotometer.

6. Oak Ridge Scientific Community

The surrounding scientific institutions employ many individuals who are
now and can in the future be helpful in a variety of ways. Of these the Nuclear
Medicine Technology Group at the Oak Ridge National Laboratory is the closest at
hand and the University of Tennessee with its various disciplines and departments
as well as the Memorial Research Center is nearby in Knoxville. A variety of basic
and clinical disciplines are represented at the Medical and Health Sciences

Division itself, i.e., pathology, cytogenetics, radiobiology, ultrastructural
anatomy, blochemistry, and immunology.
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Use of Department of Energy (DOE) Facilities and DOE Contract Requircments

This research grant application includes a segment of activity which would be
performed in facilities of DOE and governed by an existing contract between Oak
Ridge Associated Universities (ORAU) and the DOE. The DOE has reviewed this pro-
posal and has concurred in ORAU conducting the described work in the DOE
facilities made available for biomedical research, subject to payment to the DOE
by ORAU from NIH funds of the applicable direct and indirect cost of the work

(not including any charge for the use of DOE facilities) as determined by the
provisions of DOE's contract with ORAU.

It is believed that in large measure the requirements of the DOE contract
parallel conditions which NIH ordinarily applies to its grants. In the event of
differences between NIH grant terms and the DOE contract terms, ORAU is agreeable
to meeting both to the extent that they are not in conflict, and to applying those
most favorable to the United States Government where this is involved. 1If NIH is
aware of problems which such an approach would produce or suggest, ORAU upon

receipt of such advice would refer the matter to the DOE for direct resolutien
with NIH.

By way of general information, ORAU's contract with the DOE is a cost-type
contract financed under a Government-fund account. The specific contract work is
formulated in cooperation with the DOE and authorized within general guidelines
in the contract. Contract terms include DOE responsibilities for Government
ownership and control of inventions, data, and other research products. Ownership
of all equipment and facilities acquired by ORAU with DOE funds 1s vested in the
U.S. Government at the time of acquisition. The contract also contains all the
terms generally common to Government contracts of the type under which ORAU
conducts research operations in Government-owned facilities.

F. Collaborative Arrangements

The radiopharmaceutical development/nuclear medicine programs of the Oak Ridge
Assoclated Universities Medical and Health Sciences Division have a long-standing
collaborative arrangement with Oak Ridge National Laboratory, particularly the
Nuclear Medicine Technology group (Health and Safety Research Division) and the
staff associated with the 86-inch Cyclotron (Operations Division). These
collaborative ties will be very important in the proposed project.

Mr. A. P. Callahan of the Nuclear Medicine Technology group will be a con-
sultant to the project and will be involved in hot cell operation and general
consultation in the area of radiocactive syntheses. The 86-inch Cyclotron and
assoclated hot cell facilities are to be made available for production of the
llc-1abeled amino acids which will be used in the proposed studies.

Dr. Paul King of the Department of Biomedical Engineering, Vanderbilt
University, Nashville, Tennessee, will also be a consultant to the project.

Dr. King has a high level of expertise in the area of software development for
improved computer applications with the ECAT positron tomographic scanner.

Dr. George Digenis of the School of Pharmacy, University of Kentucky,
Lexington, Kentucky, has collaborated with us on the enzymatic resolution of 11C-
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Research Plan: Collaborative Arrangements (continued)

labeled amino acid racemates. He will be a consultant in the proposed resolution
studies.

Drs. I. R. Collmann and S. Krauss of University of Tennessee Memorial Research
Center and Hospital, Knoxville, Tennessee, G. Avant of Vanderbilt University
Hospital and G. D. Dunn of the Veterans Administration Hospital, Nashville,
Tennessee, are oncologists and gastroenterologists who will refer patients for
the proposed studies and consult with the principal investigator on the clinlcal
protocols to be followed and the interpretation of the clinical data.

G. Principal Investigator Assurance

"The undersigned agrees to accept responsibility
for the scientific and technical conduct of the
research project and for provision of required
progress reports if a grant is awarded as the
result of this application.”

March 21, 1980 KAJL .'F -\‘\».\.\-“gl m
Date Karl F. Hubner, M.D.
Principal Investigator"
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H. APPENDIX

A. Reprint of reference 16 (Washburn, L.C., Sun, T.T., Byrd, B.L., et al.
High-level production of C-ll-carboxyl-labeled amino acids. In Radio-
pharmaceuticals II, Proceedings of 2nd International Symposium on
Radiopharmaceuticals, Seattle, Wash., 1979, pp. 767-777).

B. Examples of clinical studies.

C. Letter from Dr. Lee C. Washburn to Dr. Bernard Lefebvre inquiring about
the availability of a chiral hydrophilic gel for resolution of amino acid
racemates by high pressure liquid chromatography.

D. Reply to above letter (Appendix C).

E. Letter from Dr. G. D. Dunn, VA Hospital, Nashville, Tennessee, assuring
referral of patients for clinical investigatioums.
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AL . s . [T

Oak Ridge
Associated
Universities

February 15, 1980

Mr. Kenneth M. Haythorn, Director

Energy Programs and Support Division
Department of Energy
Oak Ridge, Tennessee 37830

Subject: DRAFT APPLICATION FOR A NEW GRANT ENTITLED C-11-AMINO ACIDS/
POSITRON ECT FOR PANCREATIC STUDIES

Dear Mr. Haythornm:

Enclosed are four copies of a new grant application entitled C-ll-Amino
Acids/Positron ECT for Pancreatic Studies. This project will be under the

direction of Dr. Karl F. Hubner and, if approved, will be carried out under
procedures and policies already established between ORAU and the DOE for work
in facilities owned by DOE. Should any questions arise during your review

of this proposal please do not hesitate to call Dr. Hiibner at 6-3098.

Formal copies of this application should be forwarded to NIH no later
than March 26, 1980.

' Sincerely,

Philip 5

Executive Director

RYAN:br

Enclosures

1016405 RSy
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C-11-AMINO ACIDS/POSITRON ECT FOR PANCREATIC STUDIES
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INOT TO EXCEED 10) IN YOUR ABSTRACT,

Cancer of the pancreas is ome of the leading causes of death among cancer patients.
This can be attributed in part to the fact that a definitive diagnosis is usually made
only at an advanced stage of the disease. We_have shown, using positron emission
computerized tomography (positron ECT) that 1lc-1abeled DL-tryptophan and valine have
high preferential uptakes in normal pancreatic tissue. Since the L-isomers of these
two amino acids have an affinity for normal pancreas while the D-isomers tend to be
preferentially taken up by tumor tissue, approximately the same C concentrations
occur in both normal and malignant pancreatic tissues with the DL mixture. We propose
to develop rapid methods for the separation of the L-isomers of tryptophan and valine
from their llC-labeled racemates. Using these agents pancreatic cancer would then be
detected as zones of decreased or absent 11C concentrations in the pancreas in the
three-dimensional cross-sectional images obtained with positron ECT. Confirmation

of the presence of a malignant lesion(s) would then be made with 1lc_1abeled
l-aminocyclopentanecarboxylic acid or its cyclobutane analog, radiopharmaceuticals
which we have shown to have no affinity for inflammatory lesions and to be effective
tumor-localizing agents. This diagnostic protocol should thus provide a non-invasive
method for the differential diagnosis of pancreatic disease. We also propose to use
positron ECT to quantitatively measure the effect of therapy on the extraction/

utilization of amino acids by pancreatic neoplasms as a possible method of metabolically
gauging individual responses to treatment.
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FOR ALL YEARS OF SUPPORT REQUEST

DIRECT COSTS ONLY (Omit Cents)

FROMPUBLIC HEALTH SERVICE

15T PERIOO ADDITIONAL YEARS SUPPORT REQUESTED (This spplication only)
DESCRIPTION TAk0 suoee | 2ND YEAR | ORD VEAR | 4Tm YEAR | STH YEAR | 6TH YEAR | 774 vEan

PERSONNEL
COsTS 61,125 65,250 { 69,800
CONSULTANT COSTS
{inciude fees, travel, etc.) 3,600 7,200 3,600
EQUIPMENT 121,000 0 0
SUPPLIES 4,150 4,800 4,500

DOMESTIC
TRAVEL 2,300 3,700 2,600

FOREIGN
PAT STS
ATIENT CO 1,500 3,300 | 2,800
ALTERATIONS AND
RENOVATIONS
OTHER EXPENSES 32,000 43,000 | 39,200
TOTAL DIRECT COSTS 225,675 1 127,250 {122,500
TOTAL FOR ENTIRE PROPOSED PROJECT PERIOD (Enteron Page 1, Itemd) ————== |  §

475,425

REMARKS: Justify all costs for the first year for which the need may not be obvious. For future yeers, justify squipment costs, as well as any

significant increases in any other category. If 8 recurring annusl increase in personnel costs is requested, give percentage. (Use continuation
pape if needed.)

Recurring increases in personnel costs computed at 7% average.

2nd Year Cost Increase Justification: Increases in consultant costs, patient trans-
portation costs and other costs (primarily cyclotron usage) for the second year are
a result of increasing the number of patients studied. Some patients will be studied
during the first year, but a large portion of the year will be spent upgrading the
ECAT and related pharmacological systems. The second year will involve larger num-

bers of patients thus increasing funds spent for Dr. Paul King, transportation of
patients and additional cyclotron rums.

Equipment Justification

Our experience with the ORTEC ECAT 1 scanning system using phantoms has indicated to
us that this system, while producing images of diagnostic quality, does not yield
data which are amenable to quantitation. We propose, therefore, to upgrade our
instrument to an ECAT II system so that a major contributing factor, accidental
coincidences ('randoms'") may be eliminated. Another major advantage of the ECAT II
system is the fact that simultaneous image reconstruction cojoint with image acquisi-
tion can be made; this will permit scanning to proceed while reconstruction of the
previous scan is in process, thus greatly improving the efficiency of the system.
When the present ECAT I is upgraded to an ECAT 11 version, this equipment will have

“MIK 398 (FORMERLY PHS 398)
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EDUCATION (Begin with baccalaureste training snd include pastdoctors!)

YEAR SCIENTIFIC
INSTITUTION AND LOCATION DEGREE CONFERRED FIEWD

g;ﬂalo O Female

MAJOR RESEARCH INTEREST
Nuclear Medicine

Radiation Biology and Medicine
RESEARCH SUPPORT (See instructions)

ROLE N PROPOSED PROJ rmation

Principal Investigator - Clinician

RESEARCH AND/OR PROFESSIONAL EXPERIENCE (Starting with presant position, Jist trpining and expenence relevant to ares of project List all
or most representative publications, Do not exceed 3 pages for sech individual.)

1977 - Present Director, Radiation Emergency Assistance Center/Training Site, Oak
Ridge Associated Universities, Oak Ridge, TN.

1975 - Present Director, Outpatient Nuclear Medicine, Medical and KHealth Sciences
Division, Oak Ridge Associated Universities, Oak Ridge, TN.

1973 - 1974 Senior Research Scientist, Medical and Health Sciences Division, Oak
Ridge Associated Universities, Oak Ridge, TN.

1971 - 10/73 Senior Staff Member with Clinical Staff, Medical Division, Oak Ridge
Associated Universities, Oak Ridge, TN.

1967 ~ 1970 Research Associate in Experimental Immunology, Medical Division, Oak
Ridge Associated Universities, Oak Ridge, TN.

1964 - 1967 Resident in Pediatrics, University of Tubingen, Medical School, Germany.

1962 - 1964 Resident in Clinical Investigation, Medical Division, Oak Ridge Institute
of Nuclear Studies (now Oak Ridge Associated Universities), Oak Ridge, TN.

1960 - 1961 Internship (rotating) at 2nd General Hospital of the U.S. Army, and at
the 86th Tactical Hospital of the U.S. Air Force, Germany.

Publications:

Ricks, R.C., Beck, J., Berger, J., and Hubner, K.F. Responder's Guidebook for Radio-

active Materials Transportation Incidents, 1979, U.S. Department of Transportatiom
(DOT/RSPA/MTB-79/8). (In press)
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Partain, C.L., Hubner, K.F., Stabb, E.V., Scatl: ff, J.H., Miller, G.F., and Gibbs, W.D.
CSF kinetics: comparison of nuclear medicine, contrast enhanced CT, and positron
emission tomography. Investigative Radiology 14(5):377, Sept.-Oct., 1979 (abstract).

Buonocore, E., and Hubner, K.F. Comparison of positron emission computer assisted
transaxial tomography (ECT) with transmission (T and ultrasonography for the diagnosis

of pancreatic disease. Presented at the Eastern Radioclogical Society, Mid Pines,
North Carolina, April, 1979 (abstract).

Hubner, K.F., Buonocore, E., Gibbs, W.D., Holloway, S., and Byrd, B.L. Differentiation

of pancreatic and other retroperitoneal tumors by positron emission computerized
tomography (ECT). J. Nucl. Med. 20:631, 1979.

Hubner, K.F., Andrews, G.A., Washburn, L., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with 1—aminocyclopentane[11C]-
carboxylic acid: preliminary clinical trials with single-photon detection. In Year

Book of Cancer, R.L. Clark, R.W. Cumley and R.C. Hickey, eds., Year Book Medical
Publishers, Inc., Chicago, 1979, pp. 237-239.

Hubner, K.F., and Buonocore, E. Emission computerized tomography (ECT) with llc-
labeled amino acids, transmission CT and ultrasonography (US) in the diagnosis of

pancreatic disease. Presented at the Sixth International Congress of Radiation
Research, Tokyo, Japan, 1979 (abstract).

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R.
and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and positron
tomographic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Buonocore, E., Hubner, K.F., and Collmann, I.R. Differentiation of retroperitoneal

tumor using positron emission computed tomography. J. Comput. Asst. Tomogr. 3(6):
825-828, 1979.

Buonocore, E., and Hubner, K.F. Positron-emission computed tomography of the
pancreas: a preliminary study. Radiology 133:195-201, 1979.

Buonocore, E., and Hubner, K.F. Comparison of positron emission computer assisted
transaxial tomography (ECT) with transmission CT and ultrasonography for the diagnosis

of pancreatic disease. Presented at the Annual meeting of the Radiological Society
of North America, Chicago, Illinois, 1978 (abstract).

Sauerbrunn, B.J.L., Andrews, G.A., and Hubner, K.F. 67Ga—citrate imaging in genito-
urinary tract tumors: report of cooperative study. J. Nucl. Med. 19:470-475, 1978.

Lushbaugh, C.C., Hubner, K.F., and Ricks, R.C. Medical aspects of nuclear radiation
emergencies. Emergency 10:32-35, 1978.

Lawless, D., Brown, D.H., Hubner, K.F., Colyer, S.P., Carlton, J.E., and Hayes, R.L.
Isolation and partial characterizatiom of a 67Ca-binding glycoprotein from Morris
5123C rat hepatoma. Can. Res. 38:4440-4444, 1978.

Hubner, K.F., Hayes, R.L., Washburn, L.C., Gibbs, W.D., Byrd, B.L., and Butler, T.A.

Scanning of the human pancreas with DL-valine-l-ilc and DL—tryptophan-l-llc.
J. Nucl. Med. 19:686, 1978 (abstract).
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Andrews, G.A., Hubner, K.F., and Greenlaw, R.H. Gallium-67 citrate imaging in
malignant lymphoma: final report of cooperative group. J. Nucl. Med. 19:1013-19, 1978.

Johnston, G.S., Go, M.F., Benua, R.S., Larson, S.M., Andrews, G.A., and Hubner, K.F.

7Ga-citrate imaging in Hodgkin's disease: final report of cooperative group. J. Nucl.
Med. 18:692-698, 1977.

Hubner, K.F., Andrews, G.A., Washburn, L., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane[llc]-

carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977.

Hubner, K.F., Andrews, G.A., Lushbaugh, C.C., and Tompkins, E. A follow-up study
program for persons irradiated in radiation accidents. In Handling of Radiation

Accidents 1977, Proceedings of a Symposium, pp. 57-70. Vienna, Austria: Intermational
Atomic Energy Agency, 1977.

Hubner, K.F., Andrews, G.A., Hayes, R.L., Poggenburg, J.K., and Solomon, A. The use
of rare earth radionuclides and other bone-seekers in evaluating bone lesions in

patients with multiple myeloma and solitary plasmacytoma. Radiology 125:171-176,
October, 1977.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Collmann, I.R. Clinical studies of 11C—labeled amino acids.
J. Nucl. Med. 18:638, 1977 (Poster Session, abstract).

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
and Butler, T.A. Clinical tumor scanning with 11C—carboxyl-labe1ed l-aminocyclo-
pentanecarboxylic acid (11c-ACPC). Presented at the 17th Annual Southeastern Chapter
of the Society of Nuclear redicine, Louisville, Kentucky, 1976 (abstract).

Bubner, K.F. and Littlefield, L.G. Burkitt's lymphoma in three American children.
Clinical and cytogenetic observations. Am. J. Dis. Child. 129:1219-1223, Oct., 1975.

Swartzendruber, D.C. and Hubner, K.F. Effect of external whole-body X-irradiation on
gallium-67 retention in mouse tissues. Radiat. Res. 55:457-468, 1973.

Gengozian, N., Edwards, C.L., Vodopick, H.A., and Hubner, K.F. Bone marrow trans-
plantation in a leukemic patient following immunosuppression with antithymocyte
globulin and total body irradiation. Transplantation 15:446-454, 1973.

Gengozian, N. and Hubner, K.F. "In situ" visualization of a graft-vs-host reaction.
J. Immunol. 106:1159-1165, 1971.

Hubner, K. and Brown, D.W. Scanning of the spinal subarachnoid space after intra-
thecal injection of 1311 labeled human serum albumin. J. Nucl. Med. 6:465-472, 1965.
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April 1974 - present Scientist, Medical and Health Sciences Division, Oak Ridge

Associated Universities, Oak Ridge, TN.

March 1974 Presidential Intern, Medical and Health Sciences Division,
Oak Ridge Associated Universities, Oak Ridge, TN.

Research Associlate, Vanderbilt University, Nashville, TN.

June 1972 -~
March-June 1972

Publications:

’

Jay, M., Digenis, G.A., Chaney, J.E., Washburm, L.C., Byrd, B.L., Hayes, R.L.

Callahan, A.P. Synthesis and brain uptake of carbon-11l phenethylamine.
for publication)

., and
(Submitted

Blank, M.L., Cress, E.A., Byrd, B.L., Washburn, L.C., and Sryder, F.

Liposomal encap-
sulated Zn-DTPA for removing intracellular heavy metals.

(Subnitted for publication)

Digenis, G.A., Casey, D.L., Wesner, D.A., Washburn, L.C., and Hayes, R.L. Preparation
of optically.active C-ll-amino acids. J. Nucl. Med. 20:662, 1979 (abstract).

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann, I.R.,
and Gibbs, Wm.D. Carbon-ll-labeled amino acids for the rectilinear and positron tomo-
graphic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.
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“i#&A”tryptophan, a potential agent for pancreatic imaging: production and preclinical
“‘InVestigations. J. Nucl. Med. 20:857-864, 1979.

Publications: (Lee C. Washburm)

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. [Carboxyl—11C]

1-Aminocyclobutanecarboxylic acid, a potential agent for tumor localization. J.
Nucl. Med. 20:1055-1061, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., Butler, T.A., and Callahan, A.P.
High~Level production of C-ll-carboxyl-labeled amino acids. In Radiopharmaceuticals

II, proceedings of 2nd Internmational Symposium on Radiopharmaceuticals, Seattle,
Wash., 1979, pp. 767-777.

Lushbaugh, C.C. and Washburn, L.C. FDA IND Approval for Zn-DTPA, new clinical agent
for decorporation therapy of actinides. J. Nucl. Med. 20:73, 1979.

Lushbaugh, C.C. and Washburn, L.C. FDA IND Approval for Zn-DTPA, new clinical agent
for decorporation therapy of actinides. Health Phys. 36:472, 1979.

Lushbaugh, C.C. and Washburn, L.C. Decorporation therapy of actinides. Health
Physics Newsletter 6:5, 1978.

Lushbaugh, C.C. and Washburn, L.C. FDA IND Approval for Zn-DTPA, new clinical agent
for decorporation therapy of actinides. J. Occupational Med. 20:720, 1978.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. Further pre-
clinical studies of C-11-DL-tryptophan, a potential pancreas-imaging agent. In Proc
of the 2nd Intermational Congress of the World Federation of Nuclear Medicine and
Biology, Washington, D.C., September 17-21, 1978, p. 4l.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler, T.A.
Carboxyl-labeled 11C—l-aminocyclopentanecarboxylic acid, a potential agent for
cancer detection. Year Book of Cancer 1978, pp. 236-237.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structure on tumor
specificity of alicyclic o-amino acids. Cancer Res. 38:2271-2273, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., amd Butler,T.A. [1-11C] DL~
Valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Butler, T.A., and Callahan,

A.P. Synthesis and purification of 11C-carboxy1—labe1ed amino acids. J. Appl.
Radiat. Isotopes 29:186-187, 1978.

Washburn, L.C. and Hayes, R.L. Importance of excess base in the synthesis of sodium

phosphorothiocate. In Inorganic Syntheses, Vol. 17, A. G. MacDiarmid, ed., McGraw-
Hill Book Co., 1978, pp. 193-194.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structural modifi-
cations on the tumor specificity of alicyclic o-amino acids. 1In Proc. of the 18th
Annual Meeting of the Southeastern Chapter, Society of Nuclear Medicine, Part 2,
Winston-Salem, N.C., October 12-15, 1977 (abstract).
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Huboer, K.F., Andrews, G.A., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayesi R.L
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane [ lC]

carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,

Butler, T.A., and Collmann, I.R. Clinical studies of C~ll-labeled amino acids.
J. Nucl. Med. 18:638, 1977 (abstract).

Washburn, L.C., Sun, T.T., Wieland, B.W., and Hayes, R.L. C-11-DL-Tryptophan, a

potential pancreas-imaging agent for positron tomography. J. Nucl. Med. 18:638,
1977 (abstract).

Hayes, R.L., Washburn, L.C., Wieland, B.W., and Sun, T.T. Carboxyl-labeled C-11-ACBC,

a possible new radiopharmaceutical for detection of cancer using positron tomography.
J. Nucl. Med. 18:639, 1977 (abstract).

Washburn, L.C., Wieland, B.W., Sun, T.T., and Hayes, R.L. 11C-Labeled amino acids as

agents for tumor and pancreas visualization. J. Labelled Compounds and Radiopharma-
ceuticals 13(2):203, 1977 (abstract).

Wieland, B.W., Washburn, L.C., Turtle, R.R., and Hayes, R.L. Development of cyclo-
tron targetry and remote radiochemical techniques for the continuous large-scale

production of 1lc-1abeled amino acids. J. Labelled Compounds and Radiopharmaceutical
13(2):202, 1977 (abstract). 7

Washbura, L.C., Sun, T.T., Rafter, J.J., and Hayes, R.L. C-ll-Labeled amino acids
for pancreas visualization. J. Nucl. Med. 17:557-558, 1976.

Hayes, R.L., Washburn, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler, T.A.

Carboxyl-labeled 11C—l-aminocyclopentanecarboxylic acid, a potential agent for cancer
detection. J. Nucl. Med. 17:748-751, 1976.

Washburn, L.C., Coffey, J.L., Watson, E.E., Sun, T.T., and Hayes, R.L. Radiation
dosimetry of some ““C-labeled amino acid pharmaceuticals. In Radiopharmaceutical
Dosimetry Symposium, R.J. Cloutier, J.L. Coffey, W.S. Snyder, and E.E. Watson, eds.,

U. S. Dept. of Health, Education and Welfare, Washington, D.C., June 1976, pp. 441-
451.

Hayes, R.L., Washburmn, L.C., Sun, T.T., Rafter, J.J., and Byrd, B.L. Factors
affecting the tissue distribution of 1lC-ACPC, a new tumor-localizing agent. In

Proc. of 17th Annual Meeting, Southeastern Chapter, Society of Nuclear Medicine,
Louisville, Ky., 1976 (abstract).

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
and Butler, T.A. Clinical tumor scanning with llC-carboxyl-labeled l-aminocyclo-
pentanecarboxylic acid (11c-acpe). In Proc. of 17th Annual Meeting, Southeastern
Chanter, Society of Nuclear Medicine, Louisville, Ky., 1976 (abstract).

Hay2s, R.L., Rafter, J.J., Washburn, L.C., and Byrd, B.L. Affinity of
cinsteinium for tumor tissue. Nature New Biology 246:23-25, 1973.
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1950 - present Chief Scientist, Medical & Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, Tennessee.
1944 Senior Chemist, U. S. Rubber Co., Charlotte, North Carolina.

Publications:

Hayes, R.L., Byrd, B.L., Rafter, J.J., and Carlton, J.E. The effect of scandium

on the tissue distribution of Ga-67 in normal and tumor-bearing rodents.
J. Nucl. Med. (in press).

Hayes, R.L., Szymendera, J.J., and Byrd, B.L. Effect of food intake on the tissue
distribution of gallium-67: Concise communication. J. Nucl. Med. 20:938-940, 1979.

Digenis, G.A., Casey, D.L., Wesner, D.A., Washburn, L.C., and Hayes, R.L. Preparation
of optically active C-ll-amino acids. J. Nucl. Med. 20:662, 1979 (abstr.).

Brown, D.H., Carlton, J.E., Rafter, J.J., and Hayes, R.L. A large scale extraction

procedure for the purification of a Ga-67 binding glycoprotein. J. Nucl. Med.
20:682, 1979 (abstr.). .

Hayes, R.L., Rafter, J.J., and Byrd, B.L. 3Stulies of the mechanism of gallium-67
uptake by tumor, abscess and normal tissues. J. Nucl. Med. 20:672-673, 1979 (abstr.).
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Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. [Carboxyl-llC]

l-Aminocyclobutanecarboxylic acid, a potential tumor-seeking agent. J. Nucl. Med.
20:1055-1061, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. DL-[Carboxyl-

o tryptqph&n, a potential agent for pancreatic imaging: production and preclinical
investigations. J. Nucl. Med. 20:857-864, 1979.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., Butler, T.A., and Callahan, A.P.
High-Level production of C-ll-carboxyl-labeled amino acids. In Radiopharmaceuticals

LI, proceedings of 2nd International Symposium on Radiopharmaceuticals, Seattle,
Wash., 1979, pp. 767-777.

Hubner, K.F., Andrews, G.A., Buonocore, E., Hayes, R.L., Washburn, L.C., Collmann,
I.R., and Gibbs, W.D. Carbon-ll-labeled amino acids for the rectilinear and positrom
tomographic imaging of the human pancreas. J. Nucl. Med. 20:507-513, 1979.

Brown, D.H., Carlton, J.E., Rafter, J.J., and Hayes, R.L. Further purification of a
small 67Ga-binding particle found in Morris 5123C hepatomas. Presented at the Sixth
Annual Meeting of Southeastern Cancer Research Association, Kiawah Island,

S. Carolina, November 15-17, 1978.

Hayes, R.L., Byrd, B.L., and Rafter, J.J. Studies of the mechanism of 67Ga uptake
by tumor and normal tissue. In Proc. of the 19th Annual Meeting, Southeastern
Chapter, Society of Nuclear Medicine, held in Birmingham, Ala., November 1-4, 1978.

Washburn, L.C., Sun, T.T., Byrd, B.L., Hayes, R.L., and Butler, T.A. TFurther pre-
clinical studies of C-11-DL-tryptophan, a potential pancreas—imaging agent. In
Proc. of the 2nd International Congress of the World Federation of Nuclear Medicine
and Biology, Washington, D.C., September 17-21, 1978, p. 41l.

Kuniyasu, Y., Hayes, R.L., and Carlton, J.E. A Ga-68 albumin preparation for
positron tomography of the liver. In Proc. of the 2nd International Congress of the

World Federation of Nuclear Medicine and Biology, Washington, D.C., September 17-21,
1978, p. 90.

Hayes, R.L., Byrd, B.L., and Szymendera, J. Effect of food intake on the tissue
distribution of gallium-67. In Proc. of the 2nd International Congress of the World

Federation of Nuclear Medicine and Biology, Washingtonm, D.C., September 17-21, 1978,
P 112—

Lawless, D., Brown, D.H., Hubner, K.F., Colygs , Carlton, J.E., and Hayes, R.L.
Isolation and partial characterization of a Ga-blndlng glycoprotein from a rat
hepatoma. Cancer Res. 38:4440-4444, 1978.

Hayes, R.L. Chemistry and radiochemistry of metal-ion nuclides commonly employed
in radiopharmaceuticals. In The Chemistry of Radiopharmaceuticals, N.D. Heindel,

H.D. Burns, T. Honda, and L.W. Brady, eds. Masson Publishing, N.Y., 1978, pp.155-
167.

Hayes, R.L. The medical use of gallium radionuclides: a brief history with some
comments. Semin. Nucl. Med. 8:183-191, 1978.
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Washburn, L.C., Sun, T.T., Ancn, J.B., and Hayes, R.L. Effect of structure on tumor
specificity of alicyclic o-amino acids. Cancer Res. 38:2271-2273, 1978.

Hayes, R.L., Wash?¥rn, L.C., Wieland, B.W., Sun, T.T., Turtle, R.R., and Butler, T.A.
Carboxyl-labeled C-l-aminocyclopentanecarboxylic acid, a potential agent for cancer
detection. Year Book of Cancer 1978, pp. 236-237.

Bayes, R.L., Washburm, L.C., Wieland, B.W., Sun1 T.T., Anon, J.B., Butler, T.A., and
Callahan, A.P. Synthesis and purification of 1 C-carboxyl-labeled amino acids.
Int. J. Appl. Radiat. Isotopes 29:186-187, 1978.

Washburn, L.C., Wieland, B.W., Sun, T.T., Hayes, R.L., and Butler, T.A. [1-11C] DL-
Valine, a potential pancreas-imaging agent. J. Nucl. Med. 19:77-83, 1978.

Washburn, L.C., Sun, T.T., Anon, J.B., and Hayes, R.L. Effect of structural modifi-

cations on the tumor specificity of alicyclic a-amino acids. In Proc. .of 18th Annual
Meeting of Southeastern Chapter, Society of Nuclear Medicine, Part 2, Winston-Salem,

N.C., October 12-15, 1977 (abstr.).

Hayes, R.L., Rafter, J.J., and Butler, T.A. Copper-64 as a possible positron tomo-
graphic agent for detection of cancer. In Proc. of 18th Annual Meeting of South-

eastern Chapter, Society of Nuclear Medicine, Part 2, Winston-Salem, N.C., October
12-15, 1977 (abstr.).

Hayes, R.L., Carlton, J.E., and Kuniyasu, Y. A Ga-68 albumin preparation for positron
tomography of the liver. In Proc. of 18th Annual Meeting of Southeastern Chapter,
Society of Nuclear Medicine, Part 2, Winston-Salem, N.C., October 12-15, 1977 (abstr.)

Hayes, R.L. The tissue distribution of gallium radionuclides. J. Nucl. Med. 18:
740-742, 1977.

Hubner, K.F., Andrews, G.A., Hayes, R.L., Poggenburg, J.K. Jr., and Solomon, A. The
use of rare-—earth radionuclides and other bone-seekers in the evaluation of bone

lesions in patients with multiple myeloma or solitary plasmacytoma. Radiology
125(1):171-176, 1977.

Hubner, K.F., Andrews, G.A., Washburm, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Winebrenner, J.D. Tumor location with l-aminocyclopentane [11c]

carboxylic acid: preliminary clinical trials with single-photon detection. J. Nucl.
Med. 18:1215-1221, 1977.

Andrews, G.A., Hubner, K.F., Washburn, L.C., Wieland, B.W., Gibbs, W.D., Hayes, R.L.,
Butler, T.A., and Collmann, I.R. Clinical studies of C-ll-labeled amino acids.

J. Nucl. Med. 18:638, 1977 (abstr.).

Washburan, L.C., Wieland, B.W., Sun, T.T., and Hayes, R.L. 11C-Labeled amino acids as

agents for tumor and pancreas visualization. J. Labeled Compds. Radiopharmaceuticals
13:203, 1977.

Wieland, B.W., Washburn, L.C., Turtle, R.R., Hayes, R.L., and Butler, T.A. Develop-
ment of cyclotron targetry and remote radiochemical techniques for the continuous
large-scale production of 1llc..1abeled amino acids. J. Labeled Compds. Radiopharma-
ceuticals 13(2):202, 1977.
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July 1978 - July 1979 Sabbatical - Medical and Health Sciences Division, Oak Ridge
Associated Universities, Oak Ridge, TN. (Presently a consultant).

1972 ~ present Associate Professor, Vanderbilt University, Nashville, TN.

Feb. 1971 - present Vanderbilt and Veterans Hospitals, Vectorcardiography research.

Aug. 1969 - present Vanderbilt and Veterans Hospital, Dynamics of bone healing, gait

analysis.

Feb. 1966 - present Nuclear Medicine Dept., Vanderbilt Hospital, Nashville, TN.

Dec. 1966 - Sept. 1969 Kidney Dialysis Unit, Veteran's Hospital, Nashville, TN.

Sept. 1962 - Sept. 1965 Highland View Hospital (Metabolic Ward), Cleveland, Ohio.

June 1962 - Sept. 1962 Bell Aerosystems Co., (accelerometer research and design),

Cleveland, Ohio.

Case Institute of Technology (Asst. in Accelerometer Research),
Cleveland, Ohio.

June 1961 - June 1962

Publications:

’

Wieland, B.W., Highfill, R.R., and King, P.H.
production of 11C, 13N, 150, and 1BF.
NS-26(1):1713-1717, 1979.

Proton accelerator targets for the
IEEE Transactions on Nuclear Sciences, Vol.

Pickens, D.R., King, P.H., Patton, J.A., and Brill, A.B. The design, construction,
and preliminary testing of a mutually orthogonal coincident focal point tomographic
scanner, In Proc. of 13th Annual Meeting, Association for the Advancement of Medical
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Instrumentation, Washington, D.C., March 29-April 1, 1978.

Smith, R.F., Stanton, K., Stoop, D., Brown, D., and King, P.H. Quantictative
electrocardiography during extended spaceflight. Basic Environmental Problems of
Man in Space, Ashton Graygiel, ed., Pergamon Press, 1976, pp. 89-102.

Smith, RsF., Stanton, K., Stoop, D., Janusz, W., and King, P.H. Quantitative
ele:trocardiography during extended spaceflight: The second skylab mission.
Aviation, Space and Environmental Medicine, April 1976, pp. 353-359.

Smith, R.F., King, P.H., Stanton, K., Stoop, D., and Brown, D. Quantitative electro-

cardiography during extended spaceflight. The first skylab mission. Astronautica
Acta 2:89-102, 1975.

Patton, J.A., Brill, A.B., and King, P.H. A new mode of collection and display of
three dimensional data for static and dynamic radiotracer studies. Proceedings of

Symposium on Medical Radioisotope Scintigraphy 1972, Vol. 1, IAEA, Vienna, 1973,
pp. 355-368.

Patton, J., Brill, A.B., and King, P.H. Transverse section brain scanning with
multicrystal cylindrical imaging device. Conference on Radionuclide Tomography,

Sept. 15, Tomographic Imaging in Nuclear Medicine. Society of Nuclear Medicine,
New York, 1973, pp. 28-43.

King, P.H., Brill, A.B., Patton, J.A., Pickens, D.R., and Sweeney, J. Design of a
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RESEARCH PLAN

A. Specific Aims

Our overall objective is to evaluate the potential of using 11C—labeled natural
and unnatural amino acids in conjunction with positron emission computerized
tomography for the non-invasive differential diagnosis of pancreatic disease.

In selected patients with suspected cancer of the pancreas, the uptake and dis-
tribution of 1lc-1abeled L-tryptophan or L-valine will be studied tomographically
in order to determine whether in man the L-isomer localizes to a higher degree in
normal pancreatic tissue than in neoplastic lesions of the pancreas, pancreatitis,
pancreatic cysts, and benign tumors. (We have observed that DL-mixtures localize
in both normal pancreas and in pancreatic carcinoma.) In order to use the L-form of
llc-1abeled tryptophan or valine for clinical 1nvesti§ations, a method will have to
be developed for resolving the DL-racemates of these 1c-1abeled amino acids rapidly
enough to be compatible with the short half-life of 11c (20.4 min). Both chromato-
graphic and enzymatic procedures will be investigated.

These same patients will also be examined with either llC-l—aminocKclopentane-
carboxylic acid (A1c-AcpC) or 11C-1—aminocyclobutanecarboxylic acid (ic-acsme),
alicyclic unnatural amino acids that we have identified as tumor-localizing agents.
The choice will be based on a determination in man of the agent having the higher
uptake in pancreatic tumors relative to thit in normal pancreas. Therefore, this
research will test the potential of using lc-1abeled L-tryptophan or L-valine in

conjunction with 11¢c-acPC or 1lc-ACBC for the complete differential diagnosis of
pancreatic disease by positron tomography.

A further aim of this proposed work is to develop and test methods for the
quantitative analysis of the in vivo distribution of 1lc-1abeled natural and un-
natural amino acids in normal pancreas and specific sites of pancreatic disease.

We propose to measure quantitatively amino acid extraction by pancreatic neodlasms
before, during, and after chemotherapy or radiation therapy, i.e., to develop a
model system for objectively gauging response of pancreatic tumors to therapy based

on metabolic parameters rather than standard radiographic or subjective clinical
evaluations.

B. Significance

Carcinoma of the pancreas is now the fourth leading cause of death among cancer
patients (1). It is usually diagnosed at an advanced stage. Although not yet
proven, it is reasonable to assume that the prognosis for patients with cancer of
the pancreas could be improved through earlier diagnosis and treatment.

The development of computer-assisted tomography (CT) and ultrasound (US) have
greatly improved the diagnostic assessment of pancreatic carcinoma, although the
diagnostic accuracy is not better than 84% for CT and 80Z for US, as was shown by
Husband et al (2). Other US studies by Feinberg et al (3) gave accurate diagnostic
information in 93.8% of the cases. Haaga et al (4) diagnosed pancreatic neoplasms
with CT correctly in 28 of 32 cases whereas US was incorrect in 3 of 7 patients.
The accuracy of US in diagnosing pancreatic carcinoma varies considerably from
laboratory to laboratory, but nevertheless US seems to be quite helpful as a
screening method.

1014421
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A nuclear medical technique employed with some success for diagnosis of pan-
creatic carcinoma involves imaging of the pancreas with a modified amino acid, 755e-
labeled L-selenomethionine. The pancreas is known to have a pronounced avidity for
some amino acids (5). The use of a modified methionine is, however, not based on
its avidity for pancreas so much as it is on the fact that methionine_contains a
sulfur atom which can be replaced by the gamma-emitting radionuclide 75se without
greatly altering the localization of the amino acid in the pancreas (6). With this
technique cancers of the pancreas are seen as areas of decreased or absent uptake
when the organ is visualized, usually by 99mTc-c01l0id liver subtraction techniques
(7). The procedure has been successful enough to become rather widely adopted, but
it is far from ideal for several reasons: (1) the normal variability in the shape
and position of the pancreas, (2) the presence of overlying organs anteriorly and
posteriorly, (3) poorly explained variabilities in radiopharmaceutical concentration
in the organ (in spite of various dietary regimens;5 and (4) high radiation dose to
the patient due to the long physical half-life of /°Se (120 days) and the long
biologic half-time of the agent (70 days). The general consensus appears to be that

Se-L-selenomethionine scanning of the pancreas does not significantly contribute
to the early diagnosis of cancer of the pancreas (8,9). Other extrastructurally
labeled amino acids such as 1231-4-iodophenylalanine (10), 1231 5- and 6-1odo-

tryptophan (10), and 18fF-5- and 6-fluorotryptophan (11) have been synthesized but
have not appeared to be promising pancreas-scanning agents.

The use of radiopharmaceutical agents labeled with positron~emitting short-lived
radionuclides makes possible extermal detection by coincidence counting techniques
such as positron emission computerized tomography, which has the advantages of
improved resolution and localization independent of depth. This approach offers a
new non-invasive in vivo probe for quantitative and metabolic studies in man. It is
particularly appealing-because metabolic precursors and physiologically active
compounds can be labeled with 1lc (T1/2 = 20 min) or 13y (Ty/2 = 10 min) without
changing their biological properties; therefore, accurate extermal physiologic and
metabolic observations that are otherwise only possible by autoradiography (Y4c, 3m)
or other invasive analyses of excised tissue can be made. Furthermore, the use of

short-lived radionuclides permits sequential examinations over short time intervals
without undue radiation exposure to the patient.

The work proposed in this application involves the use of 11C-labeled amino
acids in the diagnosis of pancreatic diseases by positron emission computerized
tomography. Although most naturally occurring amino acids show a significant
affinity for the pancreas, two of them, tryptophan and valine, appear from animal
studies to have the highest degree of pancreatic specificity (5, 12-14).

Washburn, Hayes, and
synthesizing llc-1abeled
laboratory in the United

co-workers of this laboratory have developed methods for
amino acids (15,16), and ours is at present the only

States that has used these agents in positron tomographic
clinical investigations. The production method, a rapid, high-~temperature, high-

pressure modification of the Bucherer-Strecker amino acid synthesis, gives racemic

mixtures of llc-labeled amino acids. (Reference 16, attached as Appendix A, gives
details of the method.)

Up to this point our clinical experience with 11C—labeled tryptophan and valine
has been restricted to the DL racemates (17,18) because resolution methods rapid
enough to be compatible with the 20.4 min Ty;; of 1l¢c have not been developed for

1019428
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ideal for this application. The most promising HPLC method involves use of a

" amino acids most suited to the method (23).

these amino acids. Likewise, no metliod that allows rapid 11C-labeling of the L-forms
of valine and tryptophan has been devised. ‘

/

In order to accomplish the main task of this proposal, namely to make a signifi-
cant contribution to the differential diagnosis of pancreatic diseases, it is of
utmost importance to use the L-isomer of either lc-1abeled tryptophan or valine for
positron tomography cf the pancreas. The optical isorers of amino acids show
distinctly different behaviors in cancer and normal pancreatic tissue. Tamemasa
(19) has shown that the L-isomers have a high affinity for normal pancreas, whereas
the D-forms tend to localize preferentially in neoplastic lesions. Therefore, the
DL-form would be expected to share the characteristics of both enantiomers and con-
centrate in normal pancreas and in pancreatic_ tumors to an approximately equal
degree. We have observed such behavior with 1C-DL-tryptophan in our preliminary
clinical studies. Thus by using the L-optical form of tryptophan or valine, we
should be able to distinguish between functioning normal pancreas and any disease
processes that are present. Malignant lesions could then be differentiated from
benign, cystic, and inflammatory processes by using either llc_acPeC or 11C—ACBC,
alicyclic unnatural amino acids that show preferential uptakes in tumor tissue but
no affinities for inflammatory lesions (20). This non-invasive technique could thus

provide for the complete differential diagnosis of pancreatic diseases, hopefully
at an early stage.

Recent studies by Comar and co-workers (21) with llc-L-methionine and positron
tomography show that neoplastic lesions of the pancreas do appear as defects in the
normal pancreatic image. (The production method for 1lc--L--methionine, methylation
of L-homocysteine with 11CH3I, is not applicable to other llc-1abeled amino acids.)
These findings, coupled with our own observations and published reports, have
prompted our interest in using 1lc-1abeled L-tryptophan or L-valine as differential
pancreas~scanning agents in conjunction with llc-acpc or 1lc-acae.

In collaboration with Dr. G. Digenis of the University of Kentucky, we have
successfully resolved llc-DL-phenylalanine into its D~ and L-isomers by oxidative
deamination_using immobilized L- and D-amino acid oxidase, respectively (22). The
yields for 1¢-p- and L-phenylalanine were 19 mCi and 27 mCi. Purification was
accomplished by cation exchange chromatography, and the optical purity was
established by optical rotatory dispersion. Resolution and purification required
35 minutes. This enzymatic method should be applicable to_the resolution of other
1llc-labeled amino acids, including 11C—DL-tryptophan and-11c-pL-valine.

Several reports (23-25) have appeared recently concerning direct resolution of
amino acid enantiomers by high pressure liquid chromatography (HPLC). Although
resolution of 1lC-labeled amino acids has not yet been reported, the technique seems

stationary phase made by coupling optically active proline to a commercial HPLC
packing and then complexing with cupric ions. The potential advantages of the
HPLC method are its speed of separation and the fewer manipulations that are
required, relative to the enzymatic wethod. The technique does not appear to be
general for all amino acids, but fortunately tryptophan and valine are among the

Another method uses a classical HPLC packing and a chiral mobile phase.
However, this method is difficult to use in a preparative way because of the

1079424
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problems encountered in separating the mixture obtained by solvent evaporation of

the isolated fractions; therefore, according to Audebert (26), it is recommended only
for analytical purposes.

Stewart and Doherty (27) have completely resolved DL-tryptophan by affinity
chromatography on bovine-serum albumin-agarose columns. This resolution is based
on a highly specific biological property, the antipodal specificity in the binding
of tryptophan to bovine-serum albumin. This appears to be the method of choice for

resolving llC-DL—tryptophan. The disadvantage of this method is its lack of
generality for other amino acids.

The development of a method for rapidly resolving the L-form of amino acids from
their DL-racemates as proposed in this project would be a significant contribution
to basic research into the function of the human pancreas and to research in amino
acid metabolism in general. It would open the door to in vivo assessment of uptake,
kinetics and metabolism of natural, metabolizable amino acids in organs such as
brain, heart, and liver, as well as the pancreas.

The success of the project depends on progress in the resolution of 11C-amino
acid racemates but equally important is the development of computer capability and
the acquisition of an updated ECAT scanner (equivalent to ECAT II). Correct staging
of malignant tumors and objective evaluation and measurement of the response of
tumors to therapy is not always possible. It is especially difficult to measure
regression of tumors early after initiation of therapy, and a method that allows
objective external measurement of biological/metabolic changes induced by treatment
would be highly desirable. In this proposed research we will attempt to develop a
biologic "caliper" to measure pancreatic tumor response to therapy by using
iuantitative Rositron emission computerized tomography to measure the fraction of

lc-ACPC or 11C-ACBC extracted by a tumor. This kind of test would be an extremely
useful research tool for monitoring therapy, and it could be the basis for a simple

test using an external counting method less sophisticated and less expensive than
positron tomography.

C. Preliminary Studies

On the basis of the partial success of diagnostic procedures with radiopharma-
ceuticals such as 755e—L-se1enomethionine, we have undertaken to try a series of
related diagnostic methods that take advantage of several potential improvements:

(a) As stated above, certain amino acids show a greater tendency to concentrate
in the pancreas than does 75ge-L-selenomethionine. In animal work carried out by
ourselves (13,14) and others (5,12), both DL-valine and DL-tryptophan have been
shown to have a high affinity for the pancreas. We have shown that these 1lc-
labeled amino acids can be rapidly synthesized and purified in quantities adequate
for pancreas visualization in animals and man (15,16). Table 1 shows our production
experience for the four llc-1abeled amino acids discussed in this proposal. (The
method is quite general and is useful for production of many other 1l1¢_1abeled
amino acids.) We are able to produce multiple batches of llc-1abeled amino acids
at intervals of 1 hr or less by overlapping the various steps, i.e., generation of

1c activity, amino acid synthesis, amino acid purification, and column regeneration.
In a typical all-day run, we routinely produce four or more batches of various lic
labeled amino acids for clinical or preclinical investigationm.

1019430




DO NOT TYPE IN THIS SPACE-BINDING MARGIN

[ PV ROV

N2 *AE {last, first, middie initial)

' sbner, Karl F.

SOCIAL SECURITY NUMBER
Continuation page

Research Plan: Preliminary Studies (continued)

Table 1

11C--Labeled Amino Acid Production at M&HSD/ORAU

(Through January 31, 1980)

Total Number Total Bighest
Number Patients Activity Average Yield
Amino Acid Batches Studied (mC1) nCi/batch (mC1)
e pi-valine 38 18 6,090 160 360
1 pi-Tryptophan 57 51 6,730 118 330
e acpe 73 56 7,000" 96 300
11
C-ACBC 40 33 5,420 135 420

In early development of these compounds the total yield was almost zero, so
batch total and average per batch were quite low. :

(b) We can take advantage of the special radiation characteristics of llc.
Decay by positron emission is accompanied by the production of two annihilation
photons emitted at an angle of 180° to each other. Using recently developed
instrumentation that utilizes these coincident annihilation photons and the techni-
ques associated with transmission computerized tomography, it is possible to
reconstruct cross-sectional images that show three dimensionally the source of
positron-emitting activity in the body (28,29). The distinct advantage of this type
of imaging is that it provides high resolution and avoids image distortion due to
overlying radioactivity and that the image 1s subject to quantitative analysis (30).
The Medical and Health Sciences Division of Oak Ridge Assoclated Universities has
applied a commercially available positron emission computerized tomographic scanner
iECAT 1) to clinical investigations since May 1977. By combining the advantages of

lc-1abeled DL-tryptophan or DL-valine with this optimal type of imaging, it was
anticipated that greatly improved pancreatic diagnostic results could be obtained.
Carcinomas were expected to be seen as zones of decreased or absent concentration
as is the case with ’/°Se-L-selenomethionine.

(c) Based on this concept, we also developed a method for labeling the un-
natural alicyclic amino acids l-aminocyclopentanecarboxylic acid (ACPC) and
1-aminocyclobutanecarboxylic acid (ACBC) with 11C because of their potential as
tumor-localizing agents, particularly when used in conjunction with positron
tomography (31,32). Thus 11c-ACPC and 1lc-ACBC were develoged for confirmatory

c

studies on malignancies suspected on llC—DL-tryptophan or 1lc-pL-valine pancreas
scans.
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Our results have shown that positron tomographic imaging of the pancreas with
llC-carboxyl-labeled DL-tryptophan and DL-valine allows physiologic studies
by imaging and has the potential to measure in vivo the utilization of metabolic
substrates or analogs. Positron tomographic studies (examples are shown in
Appendix B) supplement the morphologic information obtained by ultrasound (US) and
transmission computerized tomography (CT). A group of 29 patients with proven or
suspected pancreatic disease were examined with positron ECT; 18 of these subjects
were also studied with US and transmission CT. 1In 26 patients with known clinical
outcomes, positron tomography gave one false positive and three false negative
results (17). Ultrasound and/or transmission CT failed to show three proven lesioms.
Increased uptake of 11C-DL-tryptophan delineated three pancreatic carcinomas and one
lymphoma. In normal subjects positron tomography with these agents invariably showed
the pancreas with striking clarity. These observations indicate that positron
tomography provides a unique method for visualizing biologic activity and that
quantitative analysis of amino acid utilization should be possible with this non-
invasive technique. The fact that selective pancreatic localization of these agents
occurs almost immediately after intravenous injection means that the short half-life
of 11¢c rather than being a disadvantage is on the contrary actually an asset in
terms of lowered radiation dose and the possibility of frequent repetition of scanms.

We have shown the general usefulness of the unnatural amino acid 11C-ACBC as a
tumor-localizing agent in conjunction with positron tomography. Our present
experience with 11c-AcBC is limited to 33 patients. The variety of neoplasms that
concentrate 11C-ACBC very rapidly after intravenous injections includes broncho-
genic carcinoma, metastatic mammary Ca, lymphomas_ (33), and poorly differentiated
carcinomas, as well as cancer of the pancreas. llC—ACBC cannot be metabolized and
shows promise as a useful tool for measuring the metabolic activity and/or the
proliferative stage of tumor tissues.

Our finding that the racemic forms of 11C-valine and 11C-tryptophan localized to
a significant degree in pancreatic neoplasms was unexpected. We had expected_to see
carcinomas as zones of decreased or absent concentration as is the case with 75ge-
L-selenomethionine. Especially in view of findings published by Tamemasa et al
(19), it is likely that the presence of the D isomer is responsible for the tumor
affinity observed with the amino acid racemates we used in our studies.

A crucial factor involved in the success of the proposed project involves
quantitation using an ECAT positron emission computerized tomograph. In the course
of over two years experience in patient studies and intentional computer program
challenges in phantom studies, we have observed some serious deficiencies in the
performance of our ECAT; i.e., phantom studies indicate that reconstructed data, in
terms of calculated image 'quantity" versus "dose", 1s not a linear function. The
amount of isotope measured in a particular region of a reconstructed image is both
a function of the image size (34) and the amount of isotope present (a non-linear
function, due to randoms)! The '"'measured" amount of activity in an area, as a
function of time, if the effect of count rate were to be ignored, is of little
significance in the pancreas, as the size of that organ does not change signifi-
cantly. However, the ability of the pancreas to extract the various labeled agents
which we propose to use, and therefore the relative amount of Compton and random
scatter contributing to a calculation of relative isotope uptake, will influence
our measurement of the rate of suppression (or lack thereof), of the cancerous
tissues' growth. Our experience with calculations on phantoms has drammatically
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shown the effect of both image size (equivalent in part to tumor size) and count rate
(equivalent to tumor uptake) on quantification of our results. A 30% or greater
variation in count rate per cm? has not been uncommon in our data, despite efforts
to correct the data for known non-linearities.

We have improved on the basic software provided with the original ECAT I system,
initiating procedures involving multi-level transmission image data correction,
Compton scatter correction, outlier data squelching, background subtraction

routines, etc., but we are still in need of better data, as collected, to quantify
and confidently analyze our results.

A new version of the ECAT, ECAT II, overcomes to a great extent the problems we
have encountered with our ECAT I. We, therefore, propose to update our ECAT I

electronically to an ECAT II and have accordingly included funds in our proposal to
accomplish this during the first year of the project.

D. Methods

Resolution of llC—labeled amino acids

An essential part of this proposal is the development of synthetic techniques
for rapidly resolving the racemic mixtures of 1c-1abeled amino acids which result
from the modified Bucherer-Strecker synthesis. Our productiin method (16) has
produced up to 330 mCi of 11C-DL—tryptophan and 360 mCi of C-DL-valine in a total
synthesis and purification time of 40-45 min, one-half of which is devoted to syn-
thesis and the other half to chromatographic purification. (See Appendix A for
details.) Because of our high production capability, we should, therefore, be able
to separate_the L-isomers from these racemates and still have more than an adequate

amount of 11C-labeled L-tryptophan or L-valine for clinical studies (v 10-15 mCi
will be required).

We propose to combine resolution and purification through use of recently
developed chromatographic or enzymatic techniques. This should result in an overall
synthesis, resolution, and purification time which is compatible with the 20.4 min

half-1ife of 1lc,  This proifction time could, in fact, be no longer than the 40-45
min currently required for “~C-labeled racemic amino acids.

Based on our preliminary clinical studies using 1lC—DL--tryptophan and 11C-DL-—
valine (see Preliminary Studies) and animal studies by both our group (13,14) and
others (5,12), tryptophan appears to be considerably more specific for the pancreas
than valine. Proposed studies during the first year of support will further
comgare the two agents (see following section on proposed clinical investigationms).
If 1C-DL—tryptophan is indeed_shown to be superior, our resolution efforts will be
concentrated on this agent. llc_pL-Valine will only be resolved if attempts to
resolve 11C-DL-trypt0phan should be unsuccessful.

The method of choice for resolution of 11C—DL-tryptophan appears to be affinity
chromatography on bovine-serum albumin-agarose columns as reported by Stewart and
Doherty (27). The stationary phase is prepared by linking defatted bovine-serum
albumin to cyanogen bromide-activated Sepharose 4B by an ethylenediamine-succinic
acid leash. The method is highly specific for resolving DL-tryptophan, utilizing
the differential binding constants of bovine-serum albumin for the optical antipodes
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of this amino acid. The column is equilibrated with pE 9.2 0.1 M borate buffer, the
racemic tryptophan mixture is loaded, and D-tryptophan is eluted with the same 0.1 M
torate buffer. L-Tryptophan is then eluted with 0.1 M acetic acid. Excellent
resolution was obtained with 500 nmol of DL-tryptophan on a 0.9 x 25-cm column with
a flow rate of 30 ml/hr. For resolution of “'C-DL-tryptophan at the reaction scale
now used (0.1 mmole), a larger column will be required, probably on the order of
2.5 x 25 cm. Column flow rates will be increased by using 7-9 psi of positive air
pressure, as we currently do for our other column separations (16). It should be
possible to use the bovine-serum albumin-agarose affinity columm as a preliminary
purification step (in place of the Porapak Q column which we now use), followed

bz cation-exchange chromatography for final purification and concentration of the
1 C-L-tryptophan solution.

If the resolution of l1C-DL-tryptophan described above should unexpectedly fail,
high pressure liquid cgiomatographic (HPLC) methods will be employed for resolution
of this amino acid or ““C-DL-valine. Many reports have appeared in the literature
in recent years concerning the use of chiral stationary phases for the direct
resolution of racemates by ligand-exchange chromatography (23-25). For resolution
of amino acid racemates, an optically active amino acid, usually L-proline, is
coupled to a stationary phase suitable for HPLC and the resulting resin is complexed
with metal ions, normally cupric ions. The modified stationary phase is then packed
into an HPLC column by conventional techniques. The mobile phase is typically water
or an aqueous buffer system. With L-proline, the D~amino acid is usually eluted
first, but it should be possible to reverse this order and thus save time by using
D-proline instead of L-proline in the preparation of the stationary phase. The work
to date with these methods has been limited to analytical applications; however, by
using larger, semi~preparative HPLC columns, it should be possible to resolve liC-
labeled amino acid racemates at the 0.1 mmole reaction scale which we generally use.
The HPLC method may be used by itself or it may be necessary to use the method for
resolution and preliminary purification, followed by final purification and con-

centration using cation-exchange chromatography, as discussed above for affinity
chromatography.

We have communicated (Appendix C) with Drs. B. Lefebvre and R. Audebert of
Laboratoire de Physico-Chimie Macromoléculaire, 1'Université Pierre et Marie Curie,
Paris, France, about the availability of a chiral hydrophilic gel which they used
with great success in the resolution of several racemic amino acid mixtures (24).
These researchers kindly replied (Appendix D) that the hydrophilic packing is to be
manufactured by an industrial firm in the near future and promised to send us a
sample when it becomes available.

Should the chromatographic methods described above not be successful for
resolving 11C—DL-tryptophan or 11C-DL-valine, we will use the enzymatic method
developed by Dr. G. Digenis of the University of Kentucky School of Pharmacy in
collaboration with our research group (22). Dr. Digenis has agreed to act as a
consultant to this project at no charge (see Biographical Sketch). The method has
to date been used only for resolution of 11C-DL—phenylalanine but should be quite
easily adaptable_ to other llc-1abeled amino acid racemates, including llc.pL-
tryptophan and ~-C-DL-valine. The procedure involves oxidative deamination using
the appropriate immobilized amino acid oxidase (AAO); i.e., if the L-enantiomer is
desired, as in the proposed clinical studies, the immobilized D-AAO would be used
to cause selective degradation of the unwanted D-enantiomer. For the 1lc-pL-
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phenylalanine resolution studies, L-AAO was immobilized on diazotized arylamine glass
beads and D-AAQ was bound to cyanogen bromide - activated Sepharose 4B. Immobilized
L-AAO and D~AAO were incubated at 37° with buffered 11C-DL—phenylalanine solutions
at pH's of 6.8 and 9.0, respectively. The optically active amino acid in each case
was separated from phenylpyruvic acid (the product of oxidative deamination) by
cation-exchange chromatography. In the 11C-DL-phenylalanine studies, the resolution
and purification were done on a previously purified racemic amino acid solution.
Therefore, 35 min was required in addition to the 40-45 min needed for production of
the purified 1lc-amino acid racemate, for a total of 75-80 min. We will evaluate
the feasibility of eliminating the preliminary separation steps and using the crude
reaction mixture directly for enzymatic resolution. This would result in a saving

of v 20 minutes, giving a net production time of 55-60 min, which is compatible with
the short half-life of llc.

The proposed schedule for resolution of 11C-labeled amino acids is as follows:

(1) During the first year the various resolution methods will be evaluated largely
using unlabeled compounds. A limited number of developmental cyclotron runs would
also be required during the latter part of the first grant year. (2) In the second
year of grant support, technique development will be completed, requiring an
increased number of developmental cyclotron runs. Tissue distribution studies using
the llc-labeled resolved amino acid to be studied clinically will be performed in
two animal species in support of an Investigational New Drug (IND) application to be
filed with the U.S. Food and Drug Administration; the agent will then be made avail-
able for clinical use during the latter part of the second grant year. (3) During

the third grant year the 1llc-1abeled resolved amino acids will be made available
for continued clinical trials.

Clinical Investigations

Clinical investigations using 11C—labeled amino acids in conjunction with posi-

tron emission computerized tomography will be divided into three phases over the
3-year study period.

During the first year emphasis will be placed on comparison of llC-ACPC and
11c_ACBC and of 11C—DL-tryptophan and 1lc-pL-valine with regard to differential
uptake in pancreas versus tumor in patients with strongly suspected pancreatic
carcinoma. By the end of the first year the updated ECAT scanner (ECAT II) will be
available for clinical use and our studies will be expanded beyond imaging into
quantitative measurements of amino acid concentrations in pancreatic tumors before,
durinﬁ, and after treatment (see Quantitative Imaging). Late in the second year
the 1ic-labeled L-form of tryptophan or valine is expected to be available for
clinical use. These clinical studies will then be completed in the third year.

Clinical investigations in the first year will first focus on comparing 11C-
ACPC and llc-acBC using positron_tomography in patients with suspected pancreatic
carcinoma to determine whether “~-C-ACPC might have an advantage over 11c-ACBC in
the diagnosis of pancreatic tumors. Our previous_experience with llc-ACPC and
rectilinear scanning (20) has shown that little llc_acPc is taken up by the human
pancreas, but high concentrations of this_unnatural amino acid have been observed
in pancreatic tumors. On the other hand 11c-ACBC seems to concentrate almost as
well in normal pancreas as in tumors of the pancreas. 11C—DL—Tryptophan and llc-
DL-valine will be similarly compared to further investigate the apparently greater
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pancreatic specificity of 11C—Dl-tryptophan found in preliminary studies. 1In a
separate study, we are planning to investigate the efficacy of lc-1abeled amino
acids in conjunction with positron tomography for assessing the response of pancre-
atic carcinoma to theraE{ This group of patients will be examined before, during
and after therapy with ++C-ACPC or 11c-ACBC and llc- -DL-tryptophan or llc-pL-valine
(depending on the results of the initial comparison of the two pairs of amino acids).
Positron tomography will be performed with a reference source of activity placed in
the field of view to facilitate absolute quantitation when the ECAT II system
becomes available (delivery and acceptance testing to require approximately 4-5
months from date of order). The protocol for the first year is outlined in the
following table (Table 2):

Table 2

Clinical Investigations During First Year

No. Patients Patient Selection Criteria Scanning Agent

1lo_pcpC and 1t

on same day

10 Strongly suspected pancreatic Ca (pain,
weight loss, steatorrhea and jaundice)

C-ACBC

5 As above 11C-DL-tryptophan and
C-DL-valine on same

day
5 Patients receiving chemotherapy and/or 11C-ACPC (or 11C—ACBC)
radiation therapy for pancreatic Ca* and 1C-DL-tryptophan

(or 11C—DL-valine) on
same day x 3

* Positron tomography scans with the two preferred scanning agents will be done
before, during and after a course of therapy.

Table 3 lists the clinical information needed for the patients selected for
the studies outlined in Table 2.

Table 3

Clinical Information Required

Radiographic Acceptable
Laboratory Studies Experimental Confirmatory
General Tests (not mandatory) Studies Examinations
History Serum amylase GI series Transmission CT ERCP with cytology
and Urine amylase Barium enema Ultrasound Directed biopsy
Treatment CEA Gallbladder ECAT positron Surgery
Lipase tomography Subcutaneous
Endoscopy cholangiogram
Arteriogram
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The endpoints of the first year's studies will be the following:

1. Decisioun on the superiority of 110-ACPC or llC-ACBC for selectively imaging
pancreatic cancer with positron tomograghy. 11

2. Decision on the superiority of lc-pL-tryptophan or
normal pancreatic tissue with positron tomography.

3. Complete scan data collection on five patients receiving treatment for

pancreas carcinoma for quantitative analysis during second year of funding period
with ECAT II capability.

4. Determine correct diagnosis.
5. Determine morbidity and risk factors.

C-DL-valine for imaging

During the second year we anticipate that we will have available an accurate
quantitative ECAT II system for in vivo metabolic studies in patients with pancreatid
cancer and chronic relapsing pancreatitis. Use of the updated ECAT system (ECAT II)
should not only yield data amenable to quantification, but should also give us the
advantage of simultaneous image reconstruction cojoint with image acquisition; this
will allow for immediate rescanning, thus providing efficiency in instrument use.

In the second year we will expand the series of quantitative in vivo studies by 10
patients in the pancreas cancer therapy group and also study 10 patients with
chronic pancreatitis during different phases of their disease. Each patient will be
examined three times during the course of the disease as outlined in Table 4.

In addition, we project that 11C--L-tryptophan (or 11C-L--valine) will become
available for clinical use during the latter part of the second grant year. There-
fore, five patients with suspected pancreatic carcinoma will be studied using 1lc-
L-tryptophan (or 1lc-L-valine) in conjunction with 11lc-acPc (or 1lc-ACBC) in a pre-
liminary test of this regimen for differential diagnosis of pancreatic carcinoma.

Table 4

Clinical Investigations During Second Year

No. Patients Patient Selection Criteria Scanning Agents
10 Patients receiving chemotherapy and/or ‘ 11C-A.CPC (or llC-ACBC)
radiation therapy for pancreatic Ca* and 11C-DL-tryptophan
(or 11C-DL-valine) x 3
10 Patients with chronic pancreatitis#* 11C—ACPC (or 11C-ACBC)

and 11C-DL-tryptophan
(or 11c-DL-valine) x 3

5 Patients with suspected pancreatic Ca 1lc_acpe (or nC-ACBC)
and 11C-L—tryptophan (or
110-L—valine)

* Positron tomography scans will be done with the two preferred scanning agents
at several stages of the disease.
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The clinical information needed is the same as that indicated in Table 3.
Endpoints of the studies projected for the second year are to:

1. Determine the effect of successful treatment and tumor progression on the
uptake of llc-acpc (or llc-acBC) and llC-DL-tryptophan (or 1l1c-DL-valine) in patients
undergoing therapy for pancreatic carcinoma.

2. Determine the effect of the phase of pancreatitis on the uptake of the same
agents,

3. Determine whether ECAT II techniques can be applied to quantitate accurately
amino acid extraction/utilization by tumors of the pancreas.

4. Determine whether the prognostic information obtained with this approach
corresponds with the clinical response to therapy.

During the third year clinical studies with 11C-L-tryptophan (or 11C-L-valine)
in conjunction with 1lc-acec (or 11C--ACBC) to determine the potential of this method
for the non-invasive, accurate diagnosis of pancreatic carcinoma will be completed.
In addition the quantitative studies in patients undergoing treatment for pancreatic

carcinoma will continue through the third year. The outline for the clinical studie
during the third year 1is given in Table 5. 1

Table 5

Clinical Investigations During Third Year

No. Patients Patient Selection Criteria Scanning Agents

10 Suspected pancreatic carcinoma 110-L-tryptophan (or

C-L-valine) and 11c-
ACPC (or 1llc-ACBC)

15 Patients with proven pancreatic carci- 1lC-L-tryptophan (or 1lc_
noma undergoing chemotherapy¥* L-valine) and llc-acpe

(or 1lc-acBC) x 3

* Patlents in this group will be scanned one time each before, during and after
the first course of cyclic chemotherapy.

Endpoints of clinical investigations in the third year will be to:

1. Verify in humang the potential utility of positron tomography using a com-
bination of a natural llc-labeled L-amino acid to visualize the normal pancreas and
an unnatural llC-labeled amino acid for the differential diagnoslis of pancreatic
disease.

2. To provide evidence that in vivo measurements of amino acid extraction/
utilization by pancreatic cancer could be applied to accurately gauge the response
of such cancers to therapy.

3. To collect information for a comparative cost analysis between conventional
staging and gauging procedures used in developmental chemotherapy protocols and the

in vivo measurements of the proliferative activity of pancreatic cancers as planned
for this proposal.
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Quantitative Imaging

It is well recognized that unwanted scattered radiation events occur as a
function of scattering medium and count rate. True coincidence counting and the
development of high quality images and accurate quantitation is the goal of positron
tomography systems with thelr associated computational programs.

In our present system (ECAT I), singles, accidental coincidences, and scattered
coincidence events tend to mask the true coincidence data. Extraneous events,

accepted as true events, have accounted for up to 60% of the data collected in scans
of phantoms using this system.

In several of our phantom studies we have made attempts to linearize the
response of our system to known concentration levels in the field of view. Compu-
tation techniques used have included background subtraction of data from the
collected images and the development of software to estimate body densities and
produce a refined body attenuation estimate for use in back projection algorithms.

Consistently, we have found that whatever technique we use, our correction
scheme must take into account the total count rate of the system. For example with a
low count rate phantom we found it best to back project using an 8% background
subtract figure, but the same phantom required almost a 167% correction when the
phantom count rate was four times as high.

The addition of a delayed coincidence gate and other associated hardware and
software improvements available in the ECAT II system would allow us to estimate
the amount of "random" coincidences occurring in the image as it is collected and
permit real time or later "randoms" correction. While this technique will not
remove all unwanted events, it will tend to linearize the system with respect to its
present intensity versus count rate nonlinearities. At this point, our image

correction routines could be more appropriately, and presumably universally,
applied.

We shall specifically therefore continue software development which will yield
improved images, by acquiring experience with both patient and phantom studies, and
applying and upgrading our analysis schemes. Our present schemes, as mentioned,
include operations such as background subtract, outlier squelching, normalization,
transmission data file manipulation, etc. It is anticipated that some combination
of these methods, including perhaps an as yet untried Compton scattering correction
routine, will yield a computational protocol which will be invariant from phantom
to phantom, count rate independent, and linear.

Listed below are some of the computation techniques we will study:
1. Emission Data Corrections:
a. Background subtraction techniques
(1) Constant value
(2) Percentage of maximum

(3) Ramp(s) calculated from data files to edge of body
(4) Combinations of 1,2,3

(5) Nonlinear amount based upon square of count rate
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‘scattering, the remainder are primarily forward scattered albeit at a degraded

b. Blanking outside body outline
2. Transmission Data Corrections

a. Single level transmission data estimation
b. Multilevel body outline estimation
c¢. Data bounding, smoothing

3. Transmission-corrected Emission Data

a. Data bounding (outlier squelching)
b. Data projection normalization
c. Randoms subtraction (linear and nonlinear)

Qur approach to quantification will include detailed studies on the effects of
scattered radiation on the quality of our collected data. For example, a typical
human torso, if modeled as an ellipse, might be 15 cm along the short axis and 30 cm
along the long axis. A point source, located at the origin of this ellipse, would
not be equally sensed in all projections, due to varying thicknesses of material
between the source and sensor. In fact, using an attenuation coefficient of

0.1 em~l, only 7.4 to 22.5% of the radiation would be sensed in any given projection,
compared to the non—attenuated case.

At 511 kev, for water, only 352 of incident gamma rays are absorbed in Compton

energy level. It is apparent from our phantom studies that some of this forward
scattered radiation must be being detected, as calculations on both emission and
transmission data show increases in count rate levels over that predicted by theory
for phantoms with attenuation. This data has been confirmed both by comparing
sensed radiation levels for various phantoms involving several levels of activity,
and by comparing transmission data through known thicknesses of water with that of
air. Further, from observation of all phantom and patient data, we note that

radiation is sensed in all areas of the initial data files where there is only air
present.

Preliminary data has indicated to us that the Compton scattering phenomena, at
least as measured in air outside our phantoms, might be mathematically modeled as
arising from a convolution of an exponential function with an apparent true distri-
bution. The rate of fall of the exponential function seems somehow to be related

to the attenuation properties of the phantom. An explanation for this behavior will
be one of our goals.

E. Facilities Available

1. Laboratory space

Our equipped radiopharmaceutical development research space consists of
2 large (750 sq. ft. each) and 2 smaller laboratories (500 sq. ft. each), all with
fume hoods. A positive pressure '"clean room" with 2 vertical laminar flow benches
(1 recirculating, 1 exhaust) is available for final preparation of labeled
materials before administration to patients.

1079440
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Research Plan: Facilities Available (continued)

2. Cyclotron Complex

The Oik Ridge National Laboratory's 86-inch cyclotron accelerates protons
to an energy of 22 MeV; internal beam intensities up to 3000 LA are available. It
has 8-inch wide dees and 4-inch dee-to-dee and dee-to-ground spacing and operates
at 9,000 oersteds at a frequency of 13.4 Mc/sec. Three 20-inch oil diffusion pumps
provide high pumping speed, moving 15,000 liters/sec at the operating pressure of
3 x 105 torr. An alteration to the 86-inch Cyclotron which will permit rapid,
remote changing of targets is to be installed in the spring of 1981; this should
result in greater cyclotron availability. A hot cell is located approximately
50 ft. from the cyclotron. This hot cell has power-assisted manipulators and a
hoist on an overhead rail which can be maneuvered over most of the cell area.

3. Animal Facilities

Adequate space is avallable for housing of animals on the 3rd floor of the
existing Medical and Health Sciences Division building on Vance Road. The facility
is accredited by the American Association for Accreditation of Laboratory Animal
Care, and care of the animals is under the supervision of a veterinarian,

Dr. Conrad B. Richter. Established standards of laboratory animal care, promulgated
by the DHEW [Publication No. (NIH) 72-73] will be observed.

4. Clinical Studies

Clinical tests will be carried out at the Oak Ridge Associated Universities
Medical and Health Sciences Division facilities in Oak Ridge. The patients will
come from referring physicians at the Oak Ridge Hospital, the Knoxville hospitals,
and other nearby institutions such as Vanderbilt University. The Medical and
Health Sciences Division has a long history of cooperation with referring physiciang
and demonstrated ability to attract patients for experimental work. All proposed
clinical studies will receive prior approval from the ORAU Human Studies Committee
and the U.S. Food and Drug Administration before they are carried out in patients.
Informed consent will be obtained for each study.

5. Equipment

a. Nuclear medical instrumentation

1. ORTEC ECAT-I whole body positron emission computerized tomograph
which will be upgraded to an ECAT II version.

2. Pho/Gamma V scintillation camera.

3. Ohio Nuclear dual-head rectilinear scanner modified for
coincidence detection.

4. Associlated equipment for monitoring and administering radio-
pharmaceuticals. :

b. Other equipment

1. Two HPLC chromatographs.

2. HPLC refractive index and variable wavelength UV detectors.

3. HPLC gradient generator and strip chart recorder with computing
integrator.

4. TFour peristaltic pumps and fraction collectors with UV monitors
and recorders.
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Data Trac.

Packard liquid scintillation counter.

Packard refrigerated automatic gamma-scintillation counter.
Cary Model 14 recording spectrophotometer.

oW~ Wn

6. Oak Ridge Scientific Community

The surrounding scientific institutions employ many individuals who are now
and can in the future be helpful in a variety of ways. Of these the Nuclear
Medicine Technology Group at the Oak Ridge National Laboratory is the closest at
hand and the University of Tennessee with its various disciplines and departments
as well as the Memorial Research Center is nearby in Knoxville. A variety of basic
and clinical disciplines are represented at the Medical and Health Sciences

Division itself, i.e., pathology, cytogenetics, radiobiology, ultrastructural
anatomy, biochemistry, and immunology.

Use of Department of Energy (DOE) Facilities and DOE Contract Requirements

This research grant application includes a segment of activity which would be
performed in facilities of DOE and governed by an exlisting contract between Oak
Ridge Associated Universities (ORAU) and the DOE. The DOE has reviewed this pro-
posal and has concurred in ORAU conducting the described work in the DOE facilities
made available for biomedical research, subject to payment to the DOE by ORAU from
NIH funds of the applicable direct and indirect cost of the work (not including any

charge for the use of DOE facilities) as determined by the provisions of DOE's con~
tract with ORAU.

It is believed that in large measure the requirements of the DOE contract
parallel conditions which NIH ordinarily applies to its grants. In the event of
differences between NIH grant terms and the DOE contract terms, ORAU is agreeable
to meeting both to the extent that they are not in conflict, and to applying those
most favorable to the United States Government where this is involved. 1If NIH is
aware of problems which such an approach would produce or suggest, ORAU upon receipt
of such advice would refer the matter to the DOE for direct resolution with NIH.

By way of general information, ORAU's contract with the DOE is a cost-type
contract financed under a Government-fund account. The specific contract work is
formulated in cooperation with the DOE and authorized within general guidelines in
the contract. Contract terms include DOE responsibilities for Government ownership
and control of inventions, data, and other research products. Owmnership of all
equipment and facilities acquired by ORAU with DOE funds is vested in the U.S.
Government at the time of acquisition. The contract also contains all the terms
generally common to Government contracts of the type under which ORAU conducts
research operations in Government-owned facilities.

F. Collaborative Arrangements

The radiopharmaceutical development/nuclear medicine programs of the Oak Ridge
Associated Universities Medical and Health Sciences Division have a long-standing
collaborative arrangement with Oak Ridge National Laboratory, particularly the
Nuclear Medicine Technology group (Health and Safety Research Division) and the
staff associated with the 86-inch Cyclotron (Operations Division). These
collaborative ties will be very important in the proposed project.
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Research Plan: Collaborative Arrangements (continued)

Mr. A.P. Callahan of the Nuclear Medicine Technology group will be a consultant to
the project and will be involved in hot cell operation and general consultation in
the area of radioactive syntheses. The 86-inch Cyclotron and associated hot cell

facilities are to be made available for production of the llc-1abeled amino acids

which will be used in the proposed studies.

Dr. Paul King of the Department of Biomedical Engineering, Vanderbilt Uni-
versity, Nashville, Tennessee, will also be a consultant to the project. Dr. King
has a high level of expertise in the area of software development for improved
computer applications with the ECAT positron tomographic scanner.

Dr. George Digenis of the School of Pharmacy, University of Kentucky, 11
Lexington, Kentucky, has collaborated with us on the enzymatic resolution of C-

labeled amino acid racemates. He will be a consultant in the proposed resolution
studies.

Drs. I. R. Collmann of University of Tennessee Memorial Research Center and
Hospital, Knoxville, Tennessee, and G. Avant, Vanderbilt University Hospital,
Nashville, Tennessee, are gastroenterologists who will refer patients for the
proposed studies and consult with the principal investigator on the clinical
protocols to be followed and the interpretation of the clinical data.

G. Principal Investigator Assurance

"The undersigned agrees to accept responsibility
for the scientific and technical conduct of the
research project and for provision of required
progress reports if a grant is awarded as the
result of this application. '

Date Karl F. Hubner, M.D.
Principal Investigator”

NEELLE

S A
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APPENDIX

A.

c.

D.

Reprint of reference 16 (Washburn, L.C., Sun, T.T., Byrd, B.L., et al.
High-level production of C-ll-carboxyl-labeled amino acids. In Radio-
pharmaceuticals II, Proceedings of 2nd International Symposium on

Radiopharmaceuticals, Seattle, Wash., 1979, pp. 767-777).

Examples of positron tomographic scans obtained with e

acids.

labeled amino

Letter from Dr. Lee C. Washburn to Dr. Bernard Lefebvre inquiring about
the availability of a chiral hydrophilic gel for resolution of amino
acid racemates by high pressure liquid chromatography.

Reply to above letter (Appendix C).

TRELLE
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