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Oak Ridge 
Associated 
Universities 

Janua ry  1 4 ,  1980 

M r .  Kenneth M. Haythorn, D i r e c t o r  
Energy Programs and Support D i v i s i o n  
Department of Energy 
Oak Ridge, Tennessee 37830 

Sub jec t :  DRAFT APPLICATION FOR A GRANT ENTITLED "BRAIN TUMOR IMAGING 
USING POSITRON EMISSION TOMOGRAPHY" 

Dear M r .  Haythorn: 

Enclosed are fou r  c o p i e s  of a d r a f t  g ran t  a p p l i c a t i o n  e n t i t l e d  "Brain 
Tumor Imaging Using P o s i t r o n  Emission Tomography" which i s  t o  b e  submitted 
by D r .  Leon Par ta in  of Vanderb i l t  Un ive r s i ty  t o  N I H .  D r .  P a r t a i n  has  in- 
cluded ORAU as a sub-con t rac to r  on t h i s  g ran t .  The ORAU e f f o r t  w i l l  be l e d  
by D r .  Karl Hiibner of t h e  Medical and Heal th  Sciences Div i s ion .  

The r e sea rch  o u t l i n e  i n  t h e  p roposa l  involves  t h e  use  of p o s i t r o n  
emission tomography f o r  t h e  purpose  of b r a i n  tumor imaging. T h i s  e f f o r t  
relates d i r e c t l y  t o  work a l r e a d y  be ing  accomplished w i t h i n  t h e  MGHSD and 
w e  cons ider  i t  a normal e x t e n s i o n  of ou r  programmatic e f f o r t .  T h i s  p r o j e c t ,  
i f  approved, would be  c a r r i e d  o u t  under a purchase o r d e r  i s s u e d  by Vanderb i l t  
Un ive r s i ty  t o  ORAU f o r  t h e  amount of $59,300 ( s e e  page 3A f o r  budget  o u t l i n e . )  
Should any q u e s t i o n s  a r i s e  d u r i n g  your review p l e a s e  do not  h e s i t a t e  t o  c a l l  
D r .  Hiibner a t  ex t ens ion  6-3098. 

Formal cop ie s  of t h i s  a p p l i c a t i o n  should b e  forwarded to N I H  no la ter  
than  February 25. 

Since re ly ,  n - 

Philii L. Johnson 
Executive D i r e c t o r  

CROCKETT : b r 

Enclosures gJ /''I- 
t 
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A s s t .  Vice-Res. f o r  H e a l t h  Affairs 
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, 

Depar tinent of Rad i o  logy 
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N a s h v i l l e ,  TI; 37232 
5 t h Congress i o n a l  Dis t r ic t  

- 
10. NAME. TITLE. AND TELEPHONE NU!bIBER OF O F F I C I A L 6 1  

UCNlNC FOR APPLICANT ORGANIZATIONIS1  

John H. Hash, Ph.D., Associa te  Dean 
Biomedica l  Sc iences  

(615) 322-2281 T~loohone Nurnorr 1s) 

2 1 s t  and Garland Avenues 

t r ~ & n ~ t . ? ~ > &  ( 61  5 )  32 2-2 151 
13. I D E N T I F Y  O R C A  %IZATIO'JAL CCWJNENT TO RECEIVE C A C D I ~ '  

FOR IhrSTITUflONAL GRANT PURPOSES IS.. Inrtrvcrionr) 

01 School of Xedicine 

1620476872 A 1  
14. ;!ill TI f ' J W E P  ( f  ormrrl ,  34; k c o m  t Yurber) 

Vand e rb  il t Un i v e r  s i t y 
Nashville, TN 37232 

IRS # 16-204-7682 

5th Congress iona l  Dis t r ic t  



.I d 1 . .I. 11111 I 
S t C I l O N  1 

I 

OEPAP 'NT OF HEALTH, EDUCATION. AND WELFAAL 
CuaLic HEALTH sxnvtcc 

LEAVE BLANK 

P R O S C f  NUMBER 

. RESEARCH OBJECTIVES I 
NAME A N 0  4 O D A E S  OF APPLICANT ORGANIZATION 

Department of Radiology,  School of Medicine 
Vanderb i l t  U n i v e r s i t y ,  Nashv i l l e ,  TN 37232 

NAME. SOCiAL SECURITY NUMBER. O F F I C I A L  TITLE. A N 0  DEPARTMENT OF ALL PROFESSIONAL PLRSONNLL ENGAGED ON 
PROJECT, BEGINNING WVITH PRINCIPAL INVESTIGATOR 

c .  Leon P a r t a i n ,  Ph.D., M.D., A s s o c i a t e  P r o f e s s o r  of  Radiology and Biomedical Engineer i  
and.  D. i rec tor ,  Rad io log ica l  Sc iences  Div i s ion  

Other  personnel  l i s t e d  on Pages 2-a and 2-b. 

TITLE OF PROJECT 
BRAIN TZMOR ZMAGING U S I N G  POSITRON EMISSION TOMOGRAPHY 

W TWSSPACE TO ABSTRACT YOUR PROPOSE0 RESEARCH. OUTLINE OBJECTIVES A N 0  METHODS. UNOERSWRE THE KEY WORDS 
(NOT TO EXCEED 101 IN YOUR ABSTRhCT. 

The purpose of t h i s  s t u d y  is to q u a n t i t a t i v e l y  de te rmine  t h e  in-vivo localization 
and k i n e t i c s  of amino-acids i n  b r a i n  tumors u s i n g  serial t r a n s v e r s e  images from 
p o s i t r o n  emission computed tomography. 
i n t e r v e n t i o n ,  10-14 d a y s  pos t -ope ra t ive ly ,  and every 6-8 weeks fo l lowing  t h e  
i n s t i t u t i o n  of a d j u n c t i v e  ant i - tumor t h e r a p y  ( i .e .  r ad io the rapy ,  chemotherapy, 
immunotherapy, and/or  d i e t  t he rapy) .  
and p o s i t r o n  emiss ion  CT scanner  a t  Oak Ridge Associated U n i v e r s i t i e s ,  Oak Ridge, 
Tennessee,  will be u t i l i z e d  i n  t h i s  s tudy .  P a t i e n t s  who p a r t i c i p a t e  in t h i s  s tudy  
w i l l  b e  under t h e  care of neurosurgeons a t  Vanderb i l t  Un ive r s i ty  H o s p i t a l ,  Nashvi l le ,  TX 
North Caro l ina  Memorial Hosp i t a l ,  Chapel H i l l ,  NC;  Un ive r s i ty  of Tennessee Medical 
Center ,  Memphis, TN; and The Knoxvi l le  Neuro log ica l  Clinics, Knoxvi l le ,  TN. 

P a t i e n t s  w i l l  be s t u d i e d  b e f o r e  s u r g l c a l  

The rad iopharmaceut ica l  d e l i v e r y  system 

c 
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P r o f e s s o r  , Rad i o  1d;y 
D i r e c t o r ,  3:uclear >!ed i c  i n e  
Dukz U n i v e r s i t y  

Asroc i a t  e P r o f e s s o r  

Duke U n i v e r s i t y  

A s s o c i a t e  P r o f e s s o r  
Neurology 

* ..- Radiology 
e 

8ur:on P .  D r a y s f ,  X . D .  

Gary W. Duncin, 23.D. 
7 -  

Vander b il t U n i v e r s i t y  

Chief Radiochemist  
Oak Ridge Assoc ia ted  

Un i v e r  s i t  ies 

P r o f e s s o r  , Radiology 
Duke U n i v e r s i t y  

Raymond L.  Hayes, Ph.D. 

F. Ralph Heinz,  X . D .  

Karl F. Hubner, M.D. 
, Oak Ridge Assoc ia ted  

. U n i v e r s i t i e s  

A. E v e r e t t e  James, Jr. M.S.,J.D.,M.D. c P r o f e s s o r  & Chairman 
Radiology Department 
Vand er b il t U n i v e r s i t y  

?I. Stephen .Yahaley, M.D. ,  Ph.D. P r o f e s s o r  6 Chairman 
Neurosurgery Depar t n e n t  
Univ. of N. C .  

John D. Mann, M.D. A s s i s t a n t  P r o f e s s o r  
Neurology 
Univ. of N. C.  

William F. Xeacham, M.D. P r o f e s s o r  and Chairman 
Neurosurgery Department 
Vander bilt U n i v e r s i t y  

James A.  P a t t o n ,  Ph.D. A s s o c i a t e  P r o f e s s o r  
Radiology 
Vanderb i l t  U n i v e r s i t y  

. Stephen X. P i z e r ,  Ph.D. Assoc ia te  P r o f e s s o r  
Conputer S c i e n c e  
U n i v e r s i t y  of N.C.  

Ranald R. P r ice ,  Ph.D. Assoc ia te  P r o f e s s o r  
Radiology, Hedica l  Phys ics  
Vanderb i l t  Univers  i t y  

2 -a 
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The School of Medicine 
Deputrnent of Rddiology 

THE L'SI\'ERSITJ' OF NORTH C.AROLIS.4 
AT 

CHAPEL HILL 

TO : PROJECT INVESTIGATORS 

Decenber 20, 1 9 7 9  

. I._ 

Division of Imaging 
Second Floor 
The Norrh Cuobna !&moria1 Hospital 
Chapel Hill. Sorrh Cuolmr 275 14 

TO : R. Edward Coleman, M . D . ,  Radiology Deht., Duke U n i v e r s i t y  
Burton P. Drayer ,  M.D.,  Radiology Department, Duke Un ive r s i ty  
Gary  W. Duncan, M.D. , ,N~urology Department, Vanderb i l t  Univers i ty  
Raymond L. Hayes,  Ph.D:, , H e a l t h  Sc iences  Div i s ion ,  Oak Ridge Assoc. Univ. 
F,. Ralph H e i n t ,  M.D. ,  Radiology Department, Duke U n i v e r s i t y  

/Karl F.  Hubner, X.D?; ,He>l th '  Sc iences  Div i s ion ,  Oak Ridge Assoc. Univ. 
A. E v e r e t t e  James, M.D. ,  Radiology Department, Vanderb i l t  Univers i ty  
M. Stephen Haha ley ,  M . D . ,  Ph.D., Neurosurgery Department, UNC. 
John D .  Mann, M.D., Neurology Department, UNC 
W i l l i a m  F. Meacham, M.D., Neurosurgery Department,  Vanderb i l t  
James A. P a t t o n ,  Ph.D., Radiology Department, Vanderb i l t  Univers i ty  
Stephen M. Piter,  Ph.D., Computer Science, UNC 
Ronald R. P r i c e ,  Ph.D., Radiology Department, Vanderb i l t  Univers i ty  
John T. P u m i s ,  M.D., Neurosurgeon, F t .  Sanders  P r e s b y t e r i a n  Hosp., Knoxvil le  
James T. Robertson,  M.D., Neurosurgery Department, Univ. of Tennessee 
E. S t a n f i e l d  Rogers, M . D . ,  Neurosurgery Department, Univ. of Tennessee 
F. David Rol lo ,  M.D.,  Ph.D., Radiology Department, Vanderb i l t  Universi ty  
James H. S c a t l i f f ,  M.D. ,  Radiology Department, UNC 
Edward V. Staab ,  M.D.,  Radiology Department, UNC 
Lee C. Washburn, Ph.D. , ' H e a l t h  Sc iences  Div i s ion ,  Oak RidSe Xssoc. Univ. 3 

n 

FROM : C. Leon P a r t a i n ,  Ph.D., M.D., P r i n c i p a l  I n v e s t i g a t o r  
Rad i o  logy,  Vand er b i l  t U n i v e r s i t y  Tel: (615) 322-2394 a f t e r  1/1/80. 

RE: "Brain Tumor Imaging Using P o s i t r o n  Emission Tomography" N I H  Grant 
App l i ca t ion ,  F i r s t  Dra f t .  

* * * * * * *  - 
Attached please f i n d  t h e  f i r s t  d r a f t  of t h e  s u b j e c t  NIH proposa l .  
and g i v e  m e  your comments and sugges t ions  f o r  mod i f i ca t ion  a t  your earliest 
convenience.  

Please review 

The f i r s t  d e a d l i n e  for  t h i s  p roposa l  is t h e  Department of Energy dead l ine  a t  
Oak Ridge on January  15. The nex t  d e a d l i n e  a t  N I H  is March 1, 1980. 

The earlier review of t h i s  p r o j e c t  is  p a r t  of a l a r g e  m u l t i - i n s t i t u t i o n a l  pos i t ron  
emiss ion  tomography g r a n t  from Duke/UNC, and r ece ived  f a v o r a b l e  reviews. However, 
r ev iewers '  comments i n d i c a t e d  t h e  need f o r  improvement i n  t h e  fol lowing areas: 

1. 
2. The d a t a  a n a l y s i s  procedure  should be  descr ibed  i n  d e t a i l .  

The purpose f o r  t h i s  i n v e s t i g a t i o n  needs to  be more clearly descr ibed.  



11111 1 1 . Tu ; P r o j e c t  K n v e s t i g a r o r s  
c----u 

A. 

-2- 

./ d I,. 

December 20, 1979 

Please promptly t r a n s n i t  any changes i n  budget or r e s e a r c h  p r o t o c o l  which you 
care t o  s u g g e s t .  A l s o ,  please promptly s u b n i t  your CV i f  no t  a l r e a d y  a p a r t  
of t h e  p r o p o s a l .  

Thank you very much f o r  your c o o p e r a t i o n  i n  this p r o j e c t .  
f u r t h e r  in te rac t  ion .  

I look forward t o  o u r  

. ..- 

-a 
* * * * * * *  

-1 

1 0 1 9 4 1 3  



DETAILED BUDGET FOR FIRST 12-MONTH PERIOD I J u l y  1, 1930 1 June 33, 1981 

DOMEST,C 1 2  trips, N a s h v i l l e  t o  Oak Ridge; round trip one 

FOREGN 

national meetinp: TRAVEL 

PATIENT COSTS (Sa mrtrc t~onr l  

(See ORAU budget) 
ALTERATIONS AND RENOVATIONS 

OTHER EXPENSES / t rrm~rr /  Publ icat ion c o s t s  
S u b c o n t r a c t s l  1. m ~ i d g e  Aqq[)Ciatpd u-(3ak~id0~. . .  T V  7 7 A l n  “ -  

3 .  Univ. of Nor-- 3 7 5 1 5  

1 .. . _- 

C .  Leon ? s r t a i n .  ?h.D. . ! ~ . D . ~ P A I H C I P A L  I N V E S T I G A T O R  I 25 I 

600 t 

500 

0 

70n 

6 ton 
< ‘i; 30 

(-- 

* TOTAL DIRECT COST IEnrw on P a p  1. lrm 51 

I 
SUPPLIES Conuuter tine 1.000 

I 

103,718 

I 

INDIRECT 
COST 

If.. lnsrrucr~onrl 

0 WAIVED Indirect  22,583 

s m ? o l  

DATE OF OHEW AGREEMENT: 65 
0 UNDER NEGOTIATION WITH: x sawdF 

% TDC. 

*IF THIS IS A SWClAL RATE I8.0 0ff-ur.l. SO INDICdTS, Total D s*  



THROUGH 

DETAILED BUDGET FOR FIRST 1ZMONTH PERIOD 
- 

DESCRIPTION I l m r r d  
PE RSONNE L 

NAME T I T U  OF POSITION 

PRINCIPAL INVESTIGATOR 

Hubner,  Karl F .  - H.D. 

12/01 / 80 11 / 3018 1 
AMOUNT REQUESTED (Orntr cenml 

f RINCE 
on 

srsonr 
\ m s  S A L A R Y  

8ENEF ITS T O T A L  

1 
05 I 2,285 400 2,485 

I 
I I I 22,800 

05 I 2,315 Hayes, Raynond L.  - Ph.D,  

DOMESTIC 
TRAVEL One National YeetinR I 600 

400 2,615 
Washburn, Lee C. - Ph. D. I Chemist 
Sipe, E. A. I Nurse  

05 I 1 , 5 5 5  310 1,865 
2 5  4 , 000 

1 

I 8 2 5  2 ,175  
WNSUCTANT COSTS 

EQUIPMENT 

13,000 

F ORElGN 

PATIENT COSTS ~ S I I  i n r t n t c t i w )  

48 escorted trips @ $SO/trip 

AL'IERATIONS AND RENOVATIONS 

OTHER EXPENSES lltemizd 

-4 . 

2,400 

* TOTAL DIRECT C0ST'IEnr.r on P a p  1. lnrm 5) 
38,800' 

INDtRECl 
COST 

i k r  Insrrvcrions) 

20,500 

Tota l  Costs $59,300 

0 WAIVED 
0 UNDER NEGOTIATION WITH: 

DATE OF DHEW AGREEMENT: 
lb S W .  

52.83 % f D C e  Provisional: 12/19/79 
'IF THIS 1s A SECIAL RATE k p  ~H-ritel. SO INDICATE. 
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1 . 0 .  1:ITRODLTCiIOS 

T h i s  p r o j e c t  was one  o f  seven  s u b p r o j e c t s  inc luded  i n  t h e  Duke U n i v e r s i t y  p roposa l ,  
"Neuro log ica l  I n v e s t i g a t i o n  Using PET," llP01 NS 15653-01, E. Ralph :Ieinz, Y.D.,  
P r i n c i p a l  Inves t iga tor , ,which  was submi t ted  i n  r e s p o n s e  t o  t h e  1979 XING DS RFP for 
p o s i t r o n  emiss ion  tomography p r o j e c t s .  The o v e r a l l  p r o j e c t  was n o t  funded. I n  
r e s p o n s e  t o  the reviewers' comments, t h e  c u r r e n t  p r o j e c t  has  been modi f ied  in t h e  
f o l l o w i n g  way: 

1. F u r t h u r  development of g o a l s  and o b j e c t i v e s .  

2. A d d i t i o n  of d a t a  a n a l y s i s  procedures.  

3. M o d i f i c a t i o n  to.  p r o v i d e  a n  i n t e r d i s c i p l i n a r y  team of r a d i o l o g i s t s ,  neurosurgeons,  
n e u r o l o g i s t s ,  r a d i o c h e m i s t s ,  p h y s i c i s t s ,  and a computer s c i e n t i s t  from s e v e r a l  
i n s t i t u t i o n s ;  i n c l u d i n g ,  Vanderb i l t  U n i v e r s i t y ,  U n i v e r s i t y  of North Caro l ina  
U n i v e r s i t y  of Tennessee ,  Duke Un ive r s i ty ,  Knoxville Neuro log ica l  C l i n i c s ,  an 
Oak Ridge Assoc ia t ed  U n i v e r s i t i e s  (OUU). 

/Y d 

4. U t i l i z a t i o n  of t h e  r ad iopha rmaceu t i ca l  d e l i v e r y  system ( i n c l u d i n g  t h e  86 i n c h  
c y c l o t r o n  a t  Oak Ridge Na t iona l  Laboratory) and p o s i t r o n  emiss ion  tomography 
scanner a t  Oak Ridge  Assoc ia ted  U n i v e r s i t i e s .  

5 .  I n c l u s i o  ,of p r e l i m i n a r y  p i l o t  i nages  from p a t i e n t s  w i t h  known gliomas; image 
w i t h  C - l p s l i n e .  

h 

1.1 O b j e c t i v e s  

The pu rpose  of t h i s  s t u d y  is  t o  d e t e r s i n e  q u a n t i t a t i v e l y  t h e  i n ~ l o c a l i z a t l o n  of 
amino acids in b r a i n  t u n o r  and surrounding b r a i n  t i s s u e s  i n  p a t i e n t s  be fo re  s u r g i c a l  
in tervent  i o n ,  10-14 d a y s  p o s t o p e r a t i v e l y  and eve ry  6-8 weeks fo l lowing  t h e  i n s t i t u t i o n  
of a d j u n c t i v e  anti-tumor therapy  (i.e. r a d i o t h e r a p y ,  chemotherapy, immunotherapy, 
a n d / o r  @et the rapy) .  

Spec if ic ob j ec t i v e s  inc lude :  

P 

Subs tances  t o  be  s t u d i e d  i n i t i a l l y  would inc lude  C-l l%ethionine,  1 
A bi-valine, i s o l e u c i n e ,  and b L- pheny la l an ine .  

h A 

1. Demonstrate  f e a s i b i l i t y  of b r a i n  tumor imaging in 
u s i n g  carbon-11 l a b e l e d  amino a c i d s .  I n i t  i d l y  , &-DL-valine and llC-DL-trypophand' 
w i l l  be used s i n c e  ILW'S are  a l r e a d y  a v a i l a b l e  f o r  t h i s  s tudy .  

a t i e n t s  w i t h  known gliomas 

2 .  D e t e r n i n e  t h e  o p t i m a l  carbon-11 l abe led  amino a c i d  f o r  glioma knaging; i n  a d d i t i o n  
t o  v a l i n e ,  l i k e l y  c a n d i d a t e s  inc lude  me th ion ine  and i so l euc ine .  

Determine  s e n s i t i v i t y ,  s p e c f f i c i t y ,  and accu racy ,  of each carbon-11 amino a c i d  3 .  c e v a l u a t e d ,  i n  glioma imaging. 
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4. P l a n  3 o r e  e x t e n s i v e  e v a l u a t i o n  of t h i s  h g i n g  m o d a l i t y  f o r  a f u t u r e  s:udy of a 
l a rge  n u b e r  of b r a i n  tumor p a t i e n t s  from V a n d e r b i l t  U n i v e r s i t y ,  Univers i ty  of  
Nor th  Caro l ina ,  Un ive r s i ty  of Tennessee ,  Duke U n i v e r s i t y ,  and Knoxville Yeurological  
C1 i n  i c s .  

5 .  Develop prDtocols  f o r  f u t u r e  s t u d i e s  of b r a i n  tumor metabol ism and physiology using 

t r a n s 3 i t t e r s .  
p o s i t r o n ; l a b d ~ d  g lucose ,  immunoglobulins,ar.d o t h e r  n e u r o l o g i c a l  subsLrates  and x 

1.2 Background 

*e Malignant  g l i o n a s  account  f o r  23X of a l l  human b r a i n  tumors (8) and 55% of primary 
i n t r a c r a n i a l  gl iomas (6,7).  
time a f t e r  su rge ry  of  approximate ly  23 weeks i f  o t h e r w i s e  u n t r e a t e d  (11). The t r e a t n e n t  
t h a t  h a s  proved t o  b e  most e f f e c t i v e  up t o  t h e  p r e s e n t  t i m e  is  a combination of s u r g i c a l  
r e s e c t i o n ,  whole b r a i n  r a d i o t h e r a p y ,  and sys temic  chemotherapy w i t h  BCNU (1,3 b i s -  
chloroethyl-1-nitrosourea), b u t  t h e  median s u r v i v a l  w i t h  t h i s  treatment pro tocol  i s  only  
51 weeks from time of s u r g e r y  (11). 
b i n a t i o n s  of t h e r a p i e s  a re  be ing  c a r r i e d  o u t  ( i .e. ,  inmunos t imula t ion ,  u s e  of r ad iosens i -  
t i z e r s ,  d i e t  t h e r a p y ) ,  

These tumors  are' i n v a r i a b l y  f a t a l  w i t h  a median s u r v i v a l  

The re fo re ,  i n v e s t i g a t i o n s  of o t h e r  agents  and com- 

I n s o f a r  as metabolism of gl iomas is concerned,  i t  h a s  been de termined  i n  vivo t h a t  t h e s e  
tumors  u t i l i z e  g lucose  a t  a r e l a t i v e l y  s low rate and that a n a e r o b i c  metabolism is 
i m p o r t a n t  (3).  Advances i n  tunor  b iochemis t ry  have now made i t  p o s s i b l e  t o  i d e n t i f y  
the s i n g l e  most p r e f e r r e d  e s s e n t i a l  amino a c i d  i n  v i t r o  (5 ,6 ) .  Using r ad io iod ine  
l a b e  ed he te ro logous  an t i -g l ioma g l o b u l i n s ,  i t  has  p r e v i o u s l y  been shown that t h e r e  is 
a d f e r e n t i a l  l o c a l i z a t i o n  of immunoglobulin w i t h i n  human gl ioma t i s s u e  (1-3). The 
more r e c e n t  demonst ra t ion  of glioma s u r f a c e  s p e c i f i c  a n t i g e n s  h a s  been accomplished 
by the p u r i f i c a t i o n  of a v a s t l y  more s p e c i f i c  an t i -g l ioma a n t i b o d y  (10,13). 

'>( 
(- 

The s c i e n t i f i c  b a s i s  f o r  t h i s  i n v e s t i g a t i o n  is  p resen ted  i n  d e t a i l  i n  Appensix A. 

1.3 R a t i o n a l e  

The a v a i l a b i l i t y  of p o s i t r o n  emiss ion  tonography (PET) of r a d i o l a b e l e d  substances t h a t  , 
s h o u l d  l o c a l i z e  i n  or b e . u t i l i z e d  by human b r a i n  tumors should  .permit  -- i n  vivo a n a l y s i s  
of the q u a n t i t a t i v e  uptake  of t h e s e  s u b s t a n c e s  w i t h i n  gl ioma and a d j a c e n t  bra in  t i s s u e s .  
Such l o c a l i z a t i o n  could be q u a n t i t a t e d  p r i o r  t o  s u r g i c a l  i n t e r v e n t i o n ,  following su rg i -  
ca l  r e s e c t i o n  and h i s t o l o g i c a l  d i a g n o s i s ,  
t h e r a p y .  
t o  c e r t a i n  aspects of amino a c i d  metabol i sm and may prove  to b e  a u s e f u l  means of 
s e r i a l l y  eva lua t ing  t h e  r e s u l t s  of t h e r a p y ,  used  i n  c o n j u n c t i o n  w i t h  serial  neuro log ica l  
examina t ions  and convent iona l  computed tomography. 

and du r ing  t h e  c o u r s e  of subsequent a d j u n c t i v e  
Such d a t a  should a i d  i n  t h e  c h a r a c t e r i z a t i o n  of human g l iomas  wi th  r e fe rence  

2 .O SPECIFIC AEIS 

The g o a l s  of t h i s  p r o j e c t  are: 

1. To quan t - i t a t e  t h e  i n  v ivo  l o c a l i z a t i o n  of amino a c i d s ,  r e l e v a n t  t o  tumor growth 
and t h e  h o s t ' s  response  t o  n e o p l a s i a ,  a t  t h e  time of f i r s t  d i a g n o s i s  and t o  fo l low 
t h e s e  pharnacokine t ic  parmeters d u r i n g  subsequent  t r e a t n e n t s  and eva lua t ions  of 
p a t  i e n  t s wi th  malignant  g 1 iomas . c 
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2 .  To d e t e r n i n e  a l t e r a c i o n s  i n  glioma n e t a b o l i s x  t!-.at nay occur  d u r i n g  t h e  course  of  
t h e  d i s e a s e  and t o  r e l a t e  any such a l t e r a t i o n s  t a :  

a .  Therapeu t i c  i n t s r v e n t i o n s  ( i . e . ,  radiothera?:?,  c h c ~ o t h e r a p y ,  imnunotb.erapy, 

b. TUOK r e g r o v t h  (as  compared w i t h  o t h e r  i nd ices  of r e c u r r e n c e  such a s  changes 
d i e t  t he rapy)  ; 

i n  t h e  n e u r o l o j i c a l  exam and /o r  conven t iona l  computed tomogram) . 
3 .  To conpare  t h e s e  i n  v i v o  d a t a  w i t h - p r e v i o u s  a s  we l l  a s  c o n c u r r e n t  de t e rmina t ions  

i n  v i t r o  o r  glioma a c t i v i t y .  -- 

3.0. METXODS OP PROCEDURE 

P a t i e n t s  who w i l l  b e  s t u d i e d  i n  t h i s  p r o j e c t  w i l l  be  s e l e c t e d  from t h o s e  w i t h  ana- 
p l a s t i c  g l iomas  who are followed i n  t h e  b r a i n  tumor the rapy  program of t h e  Div is ions  of 
Neurosurgery  a t  V a n d e r b i l t  U n i v e r s i t y ,  The U n i v e r s i t y  of i b r t h  C a r o l i n a ,  and Knoxville 
N e u r o l o g i c a l  C l i n i c .  
of t h e i r  r e s p e c t i v e  i n s t i t u t i o n s  p r i o r  t o  su rge ry ,  and d u r i n g  t h e  c o u r s e  of t h e i r  workup, 
a set of p o s i t r o n  emiss ion  tonograms (PET) can be  o b t a i n e d ,  u s i n g  i s o t o p i c a l l y - l a b e l e d  
amino a c i d s .  
of PETs as a b a s e l i n e  set of s t u d i e s  p r i o r  t o  a d j u n c t i v e  the rapy ;  t h i s  b a t t e r y  w i l l  be 
r e p e a t e d  when each p a t i e n t  i s  re -admi t ted  f o r  r e - t r ea tmen t  eve ry  8 weeks. 

A c e r t a i n  number of t h e s e  p a t i e n t s  w i l l  b e  s e e n  i n  t h e  c l i n i c  

P o s t - o p e r a t i v e l y ,  a l l  p a t i e n t s  w i l l  be r e -eva lua ted  w i t h  a b a t t e r y  

The b a t t e r y  of  PETs w i l l  c o n s i s t  of a s e l e c t e d  number of e s s e n t i a l  amino a c i d s  (methionine, 
p h e n y l a l a n i n e ,  t y r o s i n e ,  and/or  h i s t i d i n e ) .  Dosimetry c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e  
whole body absorbed  d o s e  from IV carbon-11 g lucose  is  10 mrad/mCi (see Ref. 9 ) .  Dos ine t ry  
data  are provided i n  Appendices C and D .  

, 

(. 
S e l e c t e d  p a t i e n t s  w i l l  be  t r a n s p o r t e d  t o  Oak Ridge Assoc ia ted  U n i v e r s i t i e s ,  Oak Ridge, 
Tennessee .  

Therapy p r o t o c o l s  c u r r e n t l y  c o n s i s t  o f :  

1. Whole head r a d i o t h e r a p y  p l u s  B C N  chemotherapy i n t r a v e n o u s l y ,  o r ,  n :?' 

2 .  '&ole head r a d i o t h e r a p y ,  cheao the r spy ,  a L T z u n o s t i i u l a t i o n .  L' ' 

Therapy p r o t o c o l s  t h a t  w i l l  be i n s t i t u t e d  i n  t h e  nex t  year w i l l  l i k e l y  include: 

1. Whole head r a d i o t h e r a p y ,  BCNU chemotherapy, and d i e t  therapy .  D i e t  therapy w i l l  
be des igned  t o  i n c l u d e  a r e s t r i c t i o n  of e s s e n t i a l  amino a c i d ( s )  proven by - 
v i t r o  or i n  v i v o  s t u d y  t o  be metabol ized  by a n  i n d i v i d u a l  p a t i e n t  glioma. 
v i t r o k v a l u a t i o n s  w i l l  be  c a r r i e d  o u t  i n  t h e  l a b o r a t o r y  of D r s .  Rogers and 

I n  
)r, 

-- - 
Robef tson  i n  Memphis on t l s s u e  forwarded from us t o  them. 

2. Vhole head r a d i o t h e r a p y ,  BChi chemotherapy, and h u n o t h e r a p y .  Imuno the rapy  
will c o n s i s t  of a c t i v e  i n o c u l a t i o n  of glioma p a t i e n t s  w i t h  t i s s u e  Eros glioma 
ce l l  l i n e s  o r  w i t h  h e t e r o l o g a u s  an t i -g l ioma ant ibody.  c-.. T? 

3 .  Whole head r a d i o t h e r a p y ,  mi son idazo le  r a d i a t i o n ,  p o t e n t i a t i o n ,  and B C W  c h a o t h e r a p y .  
1. u 

K i n e t i c s  d a t a  w i l l  be  i n t e r p r e t e d  i n  l i g h t  of c o n p a r m e n t a l  mathemat ica l  models (4). 

i 



Data a n a l y s i s  p rocedures  will i n c l u d e :  

( 1. Decision t heo ry  c a l c u l a t i o n s  will be performed,  i nc lud inb :  

a .  True p o s i t i v e  f r a c t i o n  
b .  False p o s i t i v e  f r a c t i o n  
c .  Trua n e g a t i v e  f r a c t i o n  
d .  False n e g a t i v e  f r a c t i o n  

f o r  each  r a d i o p h a r n a c e u t i c a l .  
- -_ 

2.  I n  a d d i t i o n :  

a. S e n s i t i v i t y ,  
b. S p e c i f i c i t y ,  and 
c.  Accuracy 

- -  

will be  c a l c u l a t e d  from t h e  d a t a  i n  1. above, u s i n g  s t anda rd  d e f i n i t i o n .  y"' qhn3 ti- 
3. C o n c l u s i o 6 s  to t h e  most s e n s i t i v i t y ,  specifi$yand a c c u r a t e  image5- can then  A 

b e  drawn. . A  ? 

4. P e r c e p t i o n  and r e c o g n i t i o n  tests,  u s i n g  r e c e i v e r - o p e r a t o r - c h a r a c t e r i s t i c  (ROC) curves  

x will be planned f o r  f J t h e r  s t u d i e s  ( ). 

4 .O SIGNIFICANCE L 
These  s t u d i e s  should  p e r n i t  i n  v i v o  c h a r a c t e r i z a t i o n  of  c e r t a i n  important  f a c t o r s  
r e l e v a n t  t o  glioma growth w i t h i n  t h e  p a t i e n t  h o s t :  

1. Amino a c i d  m e t a b o l i s s .  

2. F u t u r e  a p p l i c a t i o n  t o  b r a i n  tumor ne t abo l i sm s t u d i e s ;  i nc lud ing ,  g lucose  m e t a b o l i s c :  

3. F u t u r e  a p p l i c a t i o n  t o  immunoglobulin l o c a l i z a t i o n  s i n c e  glioma s u r f a c e  s p e c i f i c  r 

u 

a n t i g e n s  have r e c e n t l y  been denons t r a t ed .  

The knowledge of such  d a t a  should serve: 

1. To relate subsequent  a l t e r a t i o n s  i n  those  parameters t o  a c t i v e  a d j u n c t i v e  therapy  
p r o t o c o l s  p o s t o p e r a t i v e .  

2 .  To compare i n  v i v o  d a t a  d e r i v e d  from t h i s  s tudy  t o  i n  v i t r o  obse rva t ions  of 
g l u c o s e  metabolism from t h e  p a s t  and i n  v i t r o  obse rva t ions  t h a t  w i l l  be made 
c o n c u r r e n t l y  r e g a r d i n g  amino a c i d  uptake .  

3. To c o r r e l a t e  changes i n  such PET obse rva t ions  wi th  the  o t h e r  more convent iona l  
s t a n d a r d s  f o r  d e t e c t i n g  g l i o n a  r ecu r rence :  n e u r o l o g i c a l  d e t e r i o r a t i o n  and CT 
b r a i n  scanning.  

To g a i n  n o r e  i n s i g h t  into t h e  p o t e n t i a l  of ant%ody l o c a l i z a t i o n  i n  glioma t i s s u e s ,  
as  conpared w i t h  ad jacen t  b r a i n ,  which i n  t u r n  may s e r v e  as a n  index of t h e  
p r a c t i c a l i t y  of imnunotherapy e f f e c t i v e n e s s  i n  t h i s  d i s e a s e .  

b 
4. c. 

i 



5 .  To d e t s r x i n e  the c o n s i s t e n c y  o f  up take  by glioma t i s s u e s  of CertJFn e s s e n t i a l  
amir.0 3 c i d s  and whether t h i s  q u a n t i t a t i v e  p a t t e r n  i s  inf luenced  b;: a t t z p t s  a t  
d i r t  t n r r ~ p : ;  f o r  t h i s  d i s e a i e .  

To f o l l o w  the 2 f f e c t s  o f  rad io therapy  and c h a o t h e r a p y  upon :he ;11~cosi- and 
a n i n o  a c i d  ne tabol i s -3  i n  g l i o x a  t i s s u e s .  

\ 

6. 

5.0 F:CILITIES A V A Z W L E  

5 .1  V a n d e r b i l t  U n i v e r s i t y  

V a n d e r b i l t  U n i v e r s i t y  H o s p i t a l  i s  a 500 bed t u c h i n g  h o s p i t a l  pf V a n d e r b i l t  Z n i v e r g i t y  
School  of Fledicine. The 500 bed Veterans  Adminis t ra t ion  H o s p i t a l  i s  a d j a c e n t  t o  t h e  
H e d i c a l  School .  
p a r t i c i p a t e s  in r e g i o n a l  and n a t i o n a l  c o o p e r a t i v e  l i b r a r y  a r r a n g e 3 e n t s .  

The Hedical  School L i b r a r y  has  75,000 volumes and 1200 p e r i o d i c a l s  and 

L a b o r a t o r y  Space: 

1. 

2 .  

( 
1. 
4. - 

A p p t o x h a t e l y  l?O,OOO r a d i o g r a p h i c  examinat ions p e r  year; i n c l u d e s  d i a g 2 o s t i c  
r a d i o l o g y ,  u l t r a s o u n d ,  computed tomography, n u c l e a r  medic ine ,  r a d i o l o g i c a l  
s c i e n c e s ,  radiopharnacy,  r a d i a t i o n  therapy ,  and r a d i o b i o l o g y  c l i n i c a l  and 
r e s e a r c h  l a b o r a t o r i e s .  

7,000 square  f e e t  devoted t o  R a d i o l o g i c a l  Research under  t h e  d i r e c t i o n  of 
D r .  C. Leon P a r t a i n .  T h i s  area i n c l u d e s  a d e d i c a t e d  aninal r e s e a r c h  Fzaging 
l a b o r a t o r y .  

Equipment i n c l u d e s  : 

1. 

2.  

3 .  

4, 

5 .  

6 .  

7 .  

8 .  

I n t e r a c t i v e  d i g i t a l  image process ing  system )PDP-11/55, PDP-11/05, 2 P20-9's and 
a PDF-LSI/ll, v ideo  d i s p l a y ,  g r a p h i c  o u t p u t ,  t a p e ,  d i s k ,  and v ideo  d i g i t i z e r ) .  

C e n t r a l  c c s p u t i n g  f a c i l i t i e s  (hardware connec t ions  w i t h  PDP-11/55 and ?3P-9's) 
Dec-1099 and Xerox Signa-7. 

S e a r l e  Pho-TRLY-4000 whole-body CT scanner  ( i r t t e r d a t a  8-32 p r o c e s s o r ,  zag 
t a p e  and f l o p p y  d i s k ) .  

E X  U R K  I1 head CT scanner  (Data General Eclipse-magtape and f loppy d i s k ) .  

S e a r l e  D i g i  Sonic  d i g i t a l  u l t r a s o n i c  scanner  (LSI-11 w i t h  p a r a l l e l  l i n e  i n t e r f a c e ) .  

N i c h o l e t  d i g i t a l  a v e r a g e r / t r a n s i e n t  r e c o r d e r  (RS-232 c o m u n i c a t  i o n s  l b k ,  
Depar tnent  of Physics) .  

Colorado Video Corpora t ion  CVI-270 video  conpressor  ( i n t e r f a c e d  to  PDP-11/55 and 
PDP-9) ., 
X - b y  f l u o r e s c e n s e  Analyzer ( S i L i  detector-16Ci Am-241) (RS-732 coupl ing t o  
PDP-9 c o n p u t e r ) .  

( Other :  

1. -9ninal s t o r a g e  and s u r g e r y  l a b o r a t o r y .  



2 .  Medica l ,  Chenis t ry ,  Biology, e n g i n e e r i n g ,  p h y s i c s ,  and J o i n t  U n i v e r s i t y  L i b r a r i e s .  

3 .  Eledical I l l u s t r a t i o n  Departnent  c 
4. Vanderb i l t  Univers i ty  Medical and Graduate  School ( a c c e s s  t o  f o r n a l  cour ses  i n  

s t a t i s t i c s ,  signal process ing  and phys io logy) .  

5 . 2  Oak Ridge Associated U n i v e r s i t i e s -  
* 

The r a d i c p h a m c e u t i c a l  d e l i v e r y  s y s t e n ,  i n c l u d i n g  86 inch  c v c l o t r o n ,  h o t  c e l l s  wi th  
remote  c o n t r o l  c a p a b i l i t y ,  chemica l  p r o c e s s M g  l a b o r a t o r y ,  r ad iopha rmaceu t i ca l  
l a b o r a t o r y ,  and p o s i t r o n  emission tonography-scanner  (ECXT) ace a v a i l a b l e  i n  support  of 
t h i s  p r o  j ec t . 

- 

T h i s  r e sea rch  grant  a p p l i c a t i o n  i n c l u d e s  a segment of a c t i v i t y  which 
would b e  performed i n  f a c i l i t i e s  of t h e  U. S. Department of  Energy and 
governed by an  e x i s t i n g  c o n t r a c t  between Oak Ridge Assoc ia ted  U n i v e r s i t i e s  
(ORAU) and t h e  DOE. 
i n  ORAU conduct ing t h e  d e s c r i b e d  work i n  t h e  DOE f a c i l i t i e s  made a v a i l a b l e  
f o r  biomedical  research ,  s u b j e c t  t o  payment t o  t h e  DOE by ORAU from N I H  funds 
of  t h e  a p p l i c a b l e  d i r e c t  and i n d i r e c t  c o s t  of t h e  work (no t  i n c l u d i n g  any 
cha rge  f o r  t h e  use of DOE f a c i l i t i e s )  as determined by t h e  p r o v i s i o n s  of 
t h e  DOE'S c o n t r a c t  w i th  OFtAU. It i s  be l i eved  t h a t  i n  l a r g e  measure t h e  re- 
quirements  of t h e  DOE c o n t r a c t  p a r a l l e l  cond i t ions  which N I H  o r d i n a r i l y  
a p p l i e s  t o  i ts  grants .  I n  t h e  even t  of d i f f e r e n c e s  between N I H  g r a n t  terms 
and t h e  DOE con t r ac t  terms, ORAU i s  a g r e e a b l e  t o  meeting bo th  t o  t h e  e x t e n t  
t h a t  they are not  i n  c o n f l i c t ,  and t o  apply ing  those  most f a v o r a b l e  t o  t h e  
United S t a t e s  Government where t h i s  is  involved.  I f  N I H  is  aware of problems 
which such an  approach would produce o r  sugges t ,  ORAU upon r e c e i p t  of such 
adv ice  would refer t h e  matter t o  t h e  DOE f o r  d i r e c t  r e s o l u t i o n  w i t h  N I H .  

The DOE has  reviewed t h i s  proposa l  and h a s  concurred 

By way of genera l  in format ion ,  O R A U ' s  c o n t r a c t  wi th  t h e  DOE i s  a cos t - type  
c o n t r a c t  f inanced under a Government-fund account.  The s p e c i f i c  c o n t r a c t  work 
i s  formulated i n  coopera t ion  w i t h  t h e  DOE and au thor ized  w i t h i n  g e n e r a l  guide- 
l i n e s  i n  t h e  con t r ac t .  Con t rac t  terms i n c l u d e  DOE r e s p o n s i b i l i t y  f o r  Government 
ownership and c o n t r o l  of I n v e n t i o n s ,  d a t a ,  and o t h e r  r e s e a r c h  p roduc t s .  Owner- 
s h i p  of a l l  equipment and fac i l i t i es  acqui red  by ORAU with DOE funds  is ves t ed  
i n  t h e  U. S. Government a t  t h e  t i m e  of  a c q u i s i t i o n .  The c o n t r a c t  a l s o  c o n t a i n s  
a l l  t h e  terms genera l ly  common t o  Government c o n t r a c t s  of t h e  t y p e  under which 
ORAU conducts research  o p e r a t i o n s  i n  Government-owned f a c i l i t i e s .  - 
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-a 5.3 U n i v e r s i t y  of North Carol ina  
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North C a r o l i n a  Memorial Hosp i t a l  i s  a 750 bed t each ing  h o s p i t a l  of t h e  U n i v e r s i t y  of 
Nor th  C a r o l i n a  Schoo?, of Medicine. 
o c c u p i e s  600 square  feet of space.  
pharmacy, r ad ioassay  labora tory ,  c o u n t i n g  l a b o r a t o r y  and o f f i c e s .  
r e s e a r c h  l a b o r a t o r y  is expected t o  b e  a v a i l a b l e  w i t h i n  a year .  

The Nuclear  Xedicine Div is ion  a t  UNC p r e s e n t l y  
This space  i n c l u d e s  c l i n i c a l  imaging areas, rad io-  

A n  a d d i t i o n a l  

1: c d e r  C r z  f radiopharmaceut ical  d e l i v e r y  system -andJosttron *. -.. emiss ion  . .. & . -e-- s c a n n e r 3  

d - 1 l anned  by Duke Univers i ty  w i l l  be used  i n  t h i s  s tudy .  
- .> f 
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----r/ The rrajor  b a g i n s  s;:ste=s i n c l u d e  a Sesr le  C a - 2  CJzera h'P, a P i c k e r  4 /15 ,  A s e a r l e  
LFOV c m e r a ,  and an Ohio Suclear  D u a l  Probe Scan2er .  A 1 1  of t h e s e  i n s t r u x e n t s  a r e  
c o u p l e d  t o  a PDP-11 ConTuter C a z m a  I1 d a t a  acquisition s y s t e z ~ .  The PDF-11 'nas 
28 K core, foresround/tiic>.ground o p e r a t i n g  s ' j s t a ,  d i s c  and z a g n e t i c  tape f o r  da:a 
s t o r a g e ,  and CRT d i s p l a y .  A c o n p t e d  tonosraphy t o t a l  body s y s t e .  (Delta 2010 scanner ,  
i n c l u d i n g  a PDP-11 Computer S y s t m )  w a s  i n s t a l l e d  i n  t h e  Depar tzent  of Radiology i n  
March 1973 ( 2  seconds per s l i c e ) .  

O t h e r  c o u n t i n g  systems a v a i l a b l e  inc lude :  4 s c i n t i l l a t i o n  w e l l - c o u n t e r s ,  2 r a d i o i s o t o p e  
dose c a l i b r a t o r s ,  a multi-channel a n a l y z e r  and 2 a u t o z a t i c  s a p l e  changing  s c i n t i l l a t i o n  
w e l l  -coun t er s . 
The U n i v e r s i t y  Conputation Center  i s  equipped w i t h  1 9 1  360/70 Hnd 3 7 0 / 5 5  computers and 
p r o v i d e s  sof tware  support  as  needed. The U n i v e r s i t y  Computer System is coupled to t h e  
T r i a n g l e  Univers i ty  Computer Center (TUCC) IBE.1 370/165 computer.  I n  a d d i t i o n ,  w e  have 
access to  an IBH 1130 terminal l o c a t e d  i n  t h e  h o s p i t a l  (Biomedical  Computation Center) 
which  is o n  l i n e  t o  the  TUCC computer. 

N u c l e a r  :.ledicine a l s o  has a rad iophamacy q u a l i t y  c o n t r o l  l a b o r a t o r y .  
i n c l u d e  au tomat ic  t h in  l a y e r  rad iochromat ic  a n a l y s i s  s y s t c z s ,  s t o r a g e  and p r e p a r a t i o n  
areas f o r  r a d i o l a b e l i n g ,  a s s a y  and c a l i b r a t i o n  o f  r a d i o p h a n a c e u t  i c 3 1 s .  

These f a c i l i t i e s  

Other f a c i l i t i e s  include: A well-equipped e l e c t r o n i c s  shop i n  !:uclear Sledicine,  a 
machine  shop in Radioloay, a Nuclear >I&icine and Zadiology L i b r a r y  of 825 voluze; a 
Fledical  School  Library with 130,200 VolurJes 
L i b r a r y  w i t h  50,000 volunes and >ledl ine c o n p u t e r  based l i t e r a t u r e  s e a r c h  f a c i l i t y .  

a p h y s i c s  and ?!a tbena t ica l  Sc iences  

6 .O COLLABOR4TIVE ARR;LUGE4ENTS 

Vanderbil t  U n i v e r s i t y ,  Nashvi l le ,  Tennessee w i l l  p r o v i d e  a d m i n i s t r a t i v e ,  s c i e n t i f i c  
and c l in ica l  d i r e c t i o n  of t h i s  p r o j e c t  i n  c o o p e r a t i o n  w i t h  t h e  U n i v e r s i t y  of North 
Carolina, U n i v e r s i t y  of Tennessee, Duke U n i v e r s i t y ,  and Oak Ridge Assoc ia ted  U n i v e r s i t i e s  
(see Appendix B ) .  

Oak Ridge  Associated U n i v e r s i t i e s  b i l l  p r o v i d e  s c i e n t i f i c  suppor t  i n  rad iopharmaceut ica l  
synthesis and p o s i t r o n  emission tomography. 

T e c h n i c a l  a s s i s t a n c e  i n  amino acid u p t a k e  a s s i y s  from malignan5 g l iomas  w i l l  be provided 
by D r s .  James T. Robertson and S t a n  Rogers,  U n i v e r s i t y  of Tennessee,  Memphis. 

- .._ 

7.0. PRINCIPAL INVESTIGATOR ASSURAXCE 

The unders igned  a g r e e s  t o  a c c e p t  r e s p o n s i b i l i t y  f o r  t h e  s c i e n t i f i c  and t e c h n i c a l  
c o n d u c t  o f  t h e  research p r o j e c t  and f o r  p r o v i s i o n  o f  r e q u i r e d  p r o g r e s s  r e p o r t s  if a 
grant is awarded as t h e  r e s u l t  of  t h i s  a p p l i c a t i o n .  

Date C. Leon P a r t a i n ,  Ph.D., M.D. 
P r i n c i p a l  I n v e s t i g a t o r  




