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O V E M t L  OWECTIVE/RESTXOl?SHXP TO WE'S PRolGRAM/CEPJEM'UhL PLAN AND 
APPROACH: This renewal application pursues our continuing .tong tern 
goal o f  promoting nuclear medicine applications by improving the 
g l e i w k i ~ i a  basie for tumor disgnooiep treatmat and tsrsrtaaeat, 
Follow-up basat! on tharr use r s l  oyolatrolrr producrcsb radiotxaemw i n  
oncroliogy, This program F i t s  i n t o  the nlczclaarr medicine component of 
t h e  W E  mission, which is aimed at enhancing th@ beneficial 
applications of radiation, radionuclides, arrd stabbe isotopea in 
the diagnosis, study and treatment of human diseases .  This  program 
is administered within the Medical, Applfcatfonw and Biophysical 
Component of t h e  Office of Health and Environmental Research, 
Office of Energy Research, DOE, 

The grant inc ludes  3 interactive components t Rad$ocherniatry 
/Cyelstran; Pharmacology; and Xnmunology. A.n essential strategy i s  
as follows: novel radionuclides and radfotracers clewloped in the 
Radiochemistzy/Cyclotron section under the DOE grant during the 
1989-1992 grant period,  will be employed in t h e  Phamacology and 
Zmunolcqy  sect ions of the W E  grant during t h e  1992-1995 grant 
period. The development of novel radionuclides and tracers ie of 
course ueefuh in an4 of i tself ,  but their utility i s  greatly 
enhanced by t h e  j rrtaraction wftk the hanunaleqy and pharmacology 
tzomponents of the g f f q x z m b  X'n addi t ion  to its primary relsearch 
mission, this projec t  also provPcles a basic;, f o r  ' t r a in ing  a& 
research scientists in radl ochernistry , hnmuncblogy avid 
bioengineering, 

A DOE revisw, c o o r d i n a t s d  by the Office of Program Analysis, Office 
af Energy Research of this MSKCC DOE g r a n t  took place  in Las 
Angales in April  21-22, 1992, In t h i a  reviow, we were asked to 
emphasize ''the scientific methods,  recent progress, c u r r e n t  project 
activities, and near-tern research directions on your c u r r a n t  
contract  or grant. Deviations, i f  any, from your o r i g i n a l  p ro j ec t  
task staitsament shou1.d be explained". The rassulit of the review wag 
BtrQl'lCJly p O G i t i . V e t  
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During the grant period to 4ake ( 4  huguat 1992), there have beein 19 
published papem, 2 Master's theses and 1 PhD thesis; 9 patent 
application; 2 papera i n   pro^^ 2 papers submitted and 10 abstracts 
based directly on work supported by this grant,  (See Bibliography) 

8. RadiochemistryPCychotran Research Accomplishments 

b Y  Refurbishment of CS-15 cyclotron, with replacement of outinoded 
control  panela and targetry . Production o f  Vout ineV1  
radiopharmaceuticals such as FDG, 0-15 H20, 

The cyclotran was j u s t  barely operational at t h e  beginning of t h i s  
gra,it period, but is now fully functional (4 p a r t k l e s )  with many 
modern improvement& F W  and 0-15 If20 is MOW routinely available 
for clinical research programs @upported by other funding, and in 
etipport. of specific animal research Supported by t h e  DOE grant 

2 .  Synthesis of radiotracero for  drugs fmportant in tumor 
phamacolcqy and multidrug resistance, f C - 1 1  methotrexate,  
colchicine r' E 4 8  WDR) 

Production methods of FUDR, along with chasacterhalkm of chemical 
composition ef t h e  precursors has beom accomplished, in support of 
drug r e t e n t i o n  studies which are now completed in a demonstration 
projec t  i n  patients. T h e  C ~ L  target system is baing installed, and 
eke basi.c organic  chemistry f o r  production of C-E1 methotrexate, C- 
11 Colchicine, h a ~  been accomplished. These drugs will be utPlized 
in a ~~erieas of experiments t h a t  w i l l  penn i t  improved carrelatoion of 
cbfxiical resistance of tunarw with  the pharmacology arid 
biedistributian a% these clinically important drugs, 

3 . ProlducZ;im of novel radionuclides f o r  immunology research 
(Ioldine-12Q Galli.um-66) 

PhyshxJ  parametere necessary f 0 r  p r o d u c t i o n  of these radionuclides 
measured, and a novel solid target designed. AvaiZabil i ty  of these 
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radioisotopes will lead to improved production methods of these 
interesting radionuclides with potential as labels for anti.body 
ressearch m d  immunotherapy. 

4 .  Synthesis of sadi.oiodinated XWDR (1125, I131), and the 
development o f  unique raethsldo of production khat greatby enhance 
shelf Life of t h e  radiolabeled reagent. 

production of IUDR for  animal studise, and clinical demonstration 
projects (see below under Vhamacalagyvb) 

5 . Radiolabeling of monocbsnal izlntibodiee A33 ,M195,3F8 with Iodine 
124 for animal and human demenstratkon studies. 

Techn$ca,k features of radioSabeYing with  this radioisatope have 
been worked o u t  which gives good yields and hummoreactivity of 
final pr~ducte;,  

6. Radiolabeling OS antibody 3FS with  Tc99m usi.ng a mo8dif ieat ion o f  
the Schwarz method. 

Reduetion af disulfide bonds and the development of rapid 
approaches t o  ~ c 9 9 r n  Labeling of an important antibody with 
potential fo r  use in neuroblastoma and small cell lung cancer. 

a. A novel method f o r  assessing multi-drug resistance in vivo 

b . Assessing antf-tumor to chemotherapy agents based on assessinent 
of DNA metabolism wi th  radiotracers 

c. Retention of antimetabolite i n  t i s s u e  in relationship ta a n t i -  
tumor effects. 

A.  Origina.l, Objectives - Kinetic lstudies with long lived 
radiotracers (H-3 and (2-14) in multi-resistant and sensitive animal 
tumors of a variety of types  w i l l  be pursued to develop an 
appropriate flcross-resistanttO drug that can serve as a marker 
substance f o r  the demonstration of the multi-drug resistant 
phenotype in vivo. When the appropriate marker drug has heen 
successfully radiolabeled with a pos i t ron  emitter (our i n i t i a l  
candidate is t h e  drug colchicine), studies will be pursued in 
animals with PET imaging and if successful a demonstration project 
in humans f s  anticipated. Results o f  t h e  r a d i o a c t i v i t y  from the 
marker drug will be correlated with t h e  quantitative expresdsn  of 
P-glycoprotein, using an unique antibody. ~ i n c s  many antitumor 
drugs act  by i n t e r f e r i n g  with DNA metabolism, a component of t h e  
original grant was directed toward t h e  use of metabolic tracers in 
assessing tumor p r o l i f e r a t i o n .  Initially, a project was planned to 
evaluate t h e  use of 0-11 thymidine obtained by enzymatic labeling, 
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but because other groups already had a sizeable program in t h i s  
areaF our d i r e c t i o n  was changed t o  pursue the use of EUDR, as a 
S a d i n t r a c e r  far DNA syn thes f s .  I n  add i t ion ,  FUDR, an  a n t i m e t a b o l i t e  
drug which is used e x t e n s i v e l y  I.n cancer t r ea tmen t ,  particularly 
for co lo rec t ah  cancer of the liver was proposed %or atudies in a 
l imi t ed  serhs of p a t i e n t s  with cokorectal, cancer using a specially 
designed g a m a  camera system, to aseess retention of the drug i n  
turner versus liver. 

B. Pharmacology Research Accomplhhmente 

1. Demonstration o f  multfdrug resistance based on less r e t e n t i o n  of 
radiolabeled colchicine f n  r e s i s t a n t  in comparison t o  s e n s i t i v e  
tumors . 
I n i t i a l  “proof of p r i n c i p l e ”  studies have been completed and 
pubbiehed, using H-3 Colchic ine ,  and the studies repeated, w i t h  C-14 
colchicine u,aing C-14 colchicine labeled  in t h e  same p o s i t i o n  as 
the C - l l  compound, showing ident i ca l  r e s u l t s .  An ex tens ive  
me tabo l i t e  analysis, i n  plasma and tumor has been completed, w i t h  
the C-14 compound t h a t  will s e n e  as (a basis for developing a 
modeling approach basad on PET, Multidrug resistance is thought t o  
be a major mechanism of c l i n i c a l  tumor resistance in patients. 
Techniques which could detect MDR in tumors,  and monitor the 
effects of strategies t h a t  will r eve r se  this, could have a major 
impact on t rea tment  s t r a t e g i e s  

2 P r e l i m i n a r y  animal and human studies with r ad io iod ina ted  IUDW 
demonstrate the p s s s i $ U i t y  t h a t  PET and SPECT imaging i n  humans 
may be used a8 a basis far monitoring DNA synthesis. 

We have demonstrated t h a t  XURR is taken up and retahed w i t h i n  DNA 
in an animal tumor model system. Although the uptake is .B.eos t h a n  
thymidine labeled with C14 at the 3 polsit ion i n  the purine r i n g ,  
the p o s s i b i l i t y  of l a b e l i n g  with longer lived radioiodine isotopes 
that could be used for e i ther  SPECT or  PET imaging l ed  us to pursue 
t h i s  . Animal studies performed in Dr. Blasbarg s laboratory at 
MSKCC demonstrated that uptake was greatalvt i n  the moot r a p i d l y  
p r o l i f e r a t i n g  tumors, and also, t h a t  more than 95% of total tumor 
r a d i o a c t i v , k y  a t  2 0  hours was r e t a i n e d  i n  DNA, with the orrl,y other 
metabolite being free Iodide, T h i s  c o i ~ l d  s i m p l i f y  mndeling 
k i n e t i c s  fcw metabolic imaging methods based 0n PET or cpant. : l tat ive 

i SPECT. Another important potential advantagla, especially €017 brain 
! 

This w i l l  be an advantage, p a r t i c u l a r l y  fo r  brain  tumors. I n i t i a l  
SPECT studies in humans us ing  Iodine-131. I U D R ,  performed a t  MSKCC 
show t h e  f e a s h i l - i t y  of e a r l y  ( 4  h r )  and delayed ( 2 4  k r )  imag,hg of 
brain tumors. 

- m tum.ors, is that sirice 1UDR has increased l i p o p h i l i c i t y ,  i t  has 
= better p e n e t r a t i o n  ( 3  t o  4 fold) i n t o  brain  than thymidine 1,tselX. - 

3 BharYii,acokinetics studi .es  i n  humans; w i t h  m e t a s t a t i c  c o l o s e c t a l  
cancer of [ F-18 3 FUDH tumor uptake after intra-arterial  i n j e c t i o n ,  
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suggest strategies fo r  improving tumor uptake and retentiqn of the 
drug 

The uptake and transport  of N D R ,  an antirnetabolfte anticancer drug 
used in colarectah cancer, was rate limiting in the majority sf 
patients with coloreclal cancer metastatic to the liver, Five 
patients, 4 w i t h  colorectal cancer received injections of high 
specific activity N D R  (Xcuries/mg) e The FUDR that was taken up 
into the tumors, wae retained, but t h e  amount taken up varied and 
was limited by the i n i t i a l  transport s t e p  from blood to tumor, Four 
of the 5 patients  respondad, 2 PHI, 2 MI and the fifth had stable 
disease, The riumber of p a t i e n t s  i s  too small to draw meaningful 
conclusfons about t h e  correlation between levels of tumor uptake 
arid response,, since! a11 of the patients had at least some apparent 
drug effect, but the new findling that  transport may be rate 
limiting in the final concentration o f  maR in tumor is important. 
This suggests certain strategies to increase uptake, based on 
a c t u a l l y  slowing the flaw sf blood through the tumor, may pernit 
more uptake and retention. Increasing blood flow to the tumor is 
unlikely to increase FUDR localization substantially. 

A . Original UkjectJ.ves- Positron emitting radionuclides with 
comp1.s~ decay schemes, such as 1-124 and Ga-66, have not  figured 
prominsnt1.y in applications to anti-tumor antibody dosimetry 
despite the obvisua advantages of positron emission tomography far 
quantification. The reasons relate to concern about the ability to 
quantitatively image such radionuclides because of potential 
interference from time coordinated gainmna rays that  could fall in 
the time co inc ident  window a t  an energy which would allow them to 
be detected as a coincident event. In a series of phantom studies, 
we propose ts demonstrate that quantitative imaging of 1-124 and 
Ga-66 i s  possible under conditions likely to pertain in v h o ,  for 
r%ot-spottl imaging o f  tumors after parenteral injection. The 
purpose of t h i s  series of projects is to thoroughly evaluate the 
imaging pkysfcr; of detection and quantification of 1-224 and Ga-66 
l i k e  radionuclides with modern PET scanners,  and to extend the 
application 'to animal studies us ing  a unique antibody system, 
radiolabeled 3F8, an antibody against  neuroblastoma tumor. These 
observations in animals would lay the foundation for quantitative 
dosimetry of radiolabeled ant,i-tumsr antibodies e In addition, it is 
likely that animal. studies would be pursued with sther antibodies, 
such as A-33,  an anti-colon carcinoma antibody,  and MX35, an a n t i -  
ovarian antibody. In addition, limited p a t i e n t  studies may be done 
(imaging and immunokinetic s tud ies  only) . Also, same studies on the 
physiology o f  antjbody localization w i l l  be undertaken. 

B. X~nmunology Research Accomplishments 
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1. Physics of Positron Ernilseion Tomography Imaging o f  Podine -U4  

Iodine-124, dcwpite a complicated decay scheme that includes only 
25% positron decay, can be reliably imaged and quantitated with PET 
cameras of a variety of designs, even in the presence of .barge 
quantities of Isdine-13h. 

2 .  Development of mathematical models to analyze the! physiology of 
penetration of anti.-tumor antibody into tumor deposits i s 1  vivo. 

3 . Development of analytical techniques to experimentally vetify 
for the  first time the  essential features of t h e  Baxter-Jain, 
hypothesis, which describes i% variety of physical factors that can 
impede the transport  of rad%slabel.sd antibody into the center of 
tumor masses. 

4 .  An artificial lymphatic system ( A I S )  has been developed and its 
function described in a mathematical model, an extension of the 
BaxLep-Jain hypothesis, which is able  to predict experimentally 
determined effects Q €  mechanically changing interstitial fluid 
pressure in experimental animal tumors. 

The experimental studies h,ave been performed with a nuda rat tumor 
model that is suitable far PET imaging studies. These systems have 
the potential for practical apglicatkon in settings such as brain 
tumors, and possibly liver tumors, where reducing interstitial 
pressure in t h e  center sf tumors could substantially increase 
penetration and uptake of cytotoxic radiolabeled antibodies. 

5 . Development of pharmacokinetics models f o r  antibody localizing 
to human tumor i~ vivo, 

Optimizing dose and t i m i n g  of dose to improve response of human 
tumors may result. An important feature of this model, was to 
incorporate the effects of the  vastly different volumes of 
distribution of antibody and antigen i n t o  computations regarding 

vivo . 3 the phamacslogy of t h e  distribution of radiolabeled antibodies in 

rn 6 . Bemonstratbrt of feasibility af 10d~ine-124 I.abeled antibody as 
a methcd f o r  improved estimates o f  radiation absorbed dose during 
radioimmunotherapy . 
A child was studied with Iodine-224 Pabeled 3F8 antibody and the 
rad ia t ion  absorbed dose computed from direct measurements using 
PET. This was t h e  i n i t i a l  application of PET to an individual 
est imate of radiation absorbed dose for  the purpose of 
radioimmunotherapy. 

7 . A mathematical model f o r  imm,unoki.netics of ant.!.-tumar antibody 
in human bra in  tumors with emphasis on implications for 
microdosimetry of radhimmunetherapy. 
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Improvements in knowledge about basic immunology of penetration of 
antibody into tumors, as well as improved radioimmunatherapy. 

project 1 ~yexotren Innovations 
radiochamistry (R. Finn, PP) . in target 

original Objectives- bevaloparoexrt ob nevel X-3.210, anla Qe-66 targets, 

on @,baby@, eyslotronsl g development of novel targets for radiollabarld 
prasurssrsg radiolabeling o f  ant%-tumor drug#, inofurdfnrg FuDR~ 
metbo%senat;a, and the aress-rwsiatant drug celsh%eineo for studfarra 
of multi-dmg resistanoaa in animal and human tumors. Enzymatic 
methods of labeling o f  amins acids and thymidine, which were 
included in the original grant have been set aside €or the  time 
being, in favor BeaPeXopment OZ XXJIDR QI a submtituta for thysnidlincru, 
in assealsing proliferative rates in vivo. 

as wall I b l  rnetlnedlaa o f  PabioaabsLing to antibodies, ana produetion 

Planned Continuatian of Objectives: Development sf rapid methods 
Ear radiolabeling of monoclonal antibodies with Iadirm-124 w i l l  
continue, and production methods in collaboration with Brookhaven 
will be finalized, based on enriched Te-124 as a target. Also, the 
development o f  the solid target system fo r  the  MSKCC Cyclotron, 
based on alpha particles an Sb, will permit production of 1-124 
site in Manhattan, a very important step f o r  solidifying the supply 
of 1-124 for the future studies. Basad on preliminary work 
developed under DOE 1989-1992, Gallium-G6 will also be produced 
using t h e  solid target system. Based on the biologic succegses with 
I U D R ,  Iodine-124 will also be incorporated into IUDl?, for 
quantitative PET studies of tumor proliferation. In addition, we 
will pursue more conventional radionuclides irrcludhg Tc-99an and 
gatenthlly, Rhenium isotopes. 3F8 has been successfully labeled 
with Tc-99m, using a modificati0n of the Schwara: method, and Re 
labeled therapeutic formulations will, be assessed, in collaboration 
with Dr. Lynn Francesconi of Hunter College. Synthesis of C-ll 
methotrexate and colchicine are scheduled f o r  completion by the end 
of the current grant period (1989-1992) For labeled methotrexate 
and for  colchicine the non-radioactive precursors (N-(4-[[2,4 
diamino-6-pteridinyl methyl~amin~-berazoy~J~lutamnic acid and 
eolchkine, respectively) , have been succesfifully synthesized, and 
with the availability of the high a c t i v i t y  C target system, which 
is being implemented now in the third year of our current grant 
cycle, radiolabeled drugs will be produced for animal studies, to 
begin in mid year. Once these compounds have been completed, work 
will begin on t h e  development of other antimetabolite which show 
some clinical pr~mise, in order to create a radiotracer for 
pharmacology studies. The synthesis of 5-~l~oro-2-deoxyuridine 
based on the reacti.on pf acetyllhypofluorite w Ith 2 'deoxyuridine has 
been successfully completed, so no additional chemistry development 
is planned for this compound. Both Ga-66 production by alpha 
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bombardment of a copper target, and the 1-224 production by proton 
bombardment of enriched Te-224 target have shown promise in initial 
studies and these will be continued, in order to create 1-124 f o r  
the biologic and physical science studies planned under project 3 .  

a. A novel method fo r  assessing multi-drug resistance in vivo 

b. Retention of antimetabolite in tissue in relationship to aati- 
tumor ef fects .  

c. c. Preliminary assessment of radioiodinated iododeoxyuridine 
( I U D R )  f o r  assay of DNA synthetic rates in vi.va. 

Btypothosis 2: Uptake ana retention of ~ W D R  in human tumor may be 
used a@ an indication of DNW aynthetie rata. In preliminary 
stuUieas, uptake will be srufficient: fax adequate quantitative 
aswasmment u s h q  PET and 8PECT in brain tumors, and at 2 4  hourk~l~ 
the large majority a% tumsr contained radioactivity will be in the 
DNA fraction. 

original Obj ec t ivas  - Kinetic studies with long-lived radiotracers 
(H-3 and C-14) in multi-resistant and sensitive animal tumors of a 
variety sf t y p e s  will be pursued to develop an appropriate l lcro~s-  
resistant" drug that can serve as a marker substance for the 
demonstration of the multi-drug resistant phenotype in vivo, when 
t h e  appropriate marker drug has been successfully radiolabeled with 
a positron emitter (our initial candidate is the drug colchicine), 
studies will be pursued in animals with PET imaging and if 
successful a dmnonstration project i.n humans is  anticipated 
Results of the radioactivity from the marker drug will be 
correlated with the quantitative expression of P-glycoprotein, 
using an unique anti.bodyo Limited patient studies with [ F-183 -FUDR 
will be pursued to assess the role of uptake and retention in the 
anti-tumar ressonse  of colc,ec$aL cancers, metastatic to liver, A 
specially designed gamma camera will be used f0r  these studies. 

1 

Planned Continuation of Present Objectives: Having established the 
basic principal of increased uptake of cross-resistant drugs in the 
nore sensitive cell lines, and decreased uptake i n  the resistant 
lines, we w i l l  refine the analysis of retxmtion to determine the 
effect of verapamill and the monoclonal antibody on this retention, 
and to determine the effect of such action on improving animal 
survival f o r  certain drugs which are active against the target  
tumors chosen,  including adriarnycin and vincristine. Our b a s k  
study plan will employ sensitive and resistant neuroblastoma cell 

I 
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lines, and in addition to using,, ‘“C-labeled tracers and 
biodistribution studies, as soon as the C-colchicine is available, 
animal studies will be performed with the PC4680 PET scanner, to 
determine the parameters of detection o f  MDR sensitive versus 
resistant tumors, by quantitative imaging of labeled drug retention 
in tumors versus noma1 tissues. Depending on the magnitude of 
uptake of colchicine uptake in tumors, and the metabolite pattern, 
we will evaluate the possibility of developing formal PET modeling 
approaches to quantitate transport i n t o  tumors using PET. A limited 
number of patient demnatration studies w i l l  be employed, most 
likely in a patient study currently under may using Recent studies 
with MRlC116 antibody have shown promise for detecting the presence 
of -,he P-glycoprotein on the tumor cells, and parallel studies will 
be performed with 1-125 or 16-124 PlWM as a way of detecting 
resistant tumors, in comparison to the colchicine methodology. 

Using t h e  newly developed antimetabolite traces drug C-11 
methotrexate, we will pursue the correlation of r e t e n t i o n  of drug 
in tumors, with anti-tumor results, and t h e  robe that a radiotracer 
could have in predicting response of these tumors to therapy. These 
radiotracer studies are based on t h e  recent work of one of our 
consultants, DP. J. Bertino, whose recent studies with a series o f  
anti-metabolites including methotrexate have shown that the 
development of tumor resistance occurs; when tumors no longer retain 
high drug concent,rations . 
IWDR has been developed by the radiochemistry group, axad initial 
studies performed by Dr. R. Blasberg, our  consultant indicatesthat 
the biology is favorable fo r  use of this tracer to assess DNA 
synthetic rate,, particularly in brain tumors, but possibly In lung 
tumors as well . Serious questions remain, however, about whether 
enough IUDR w i l l  be taken up to permit statistically accurate 
quantitative imayimg, either with S P E C T ( 1 - 1 3 1 , 1 1 2 3 )  or PET(P124) a 

We will do limited patient demonstration studies to assess this. 

Project 3 . Quantitative inmunokinsties and dosimetry oi[ a n t i - t u o s  
antibodies. (K. ~errtlsw, M. oralban, Farhad Daghighian and Gene 
DiResta, Pro j ece Leaders) 0 

Hypothesis 1: Quantitative imaging approaches with PET will lead to 
nan-invasive methods for improved dosimetry and immunokinetics for 
radioimmunotherapy 

Hypothesis 2: Increased antigen expression by tumors and reduced 
central pressure in tumor masses will lead to improved localization 
of antibodies for radioimmunotherapy . 
Original Objectives- Positron emitting radionuclides w i t h  complex 
decay schemes, such as 1-1.24 and Ga-66, have not figured 
preminent1.y in applications to anti-tumor antibody dosimetry 
despite the obvious advantages of positron embsion tomography for 
quantification. The reasons relate to concern about the ability to 
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quantitatively image such radionuclides because of potential 
interference f u o m  time coordinated g a m a  rays that could f a l l  in 
the time coincident window at an energy whish would allow them to 
be detected as a coincident event. In a series of phantom studies, 
we propose to demonstrate that quantitative imaging of 1-124 and 
Ga-66 is possible under conditions likely to pertain in vivo, for 
llhot-spotsl imaging of tumors after parenteral injection. The 
purpose of this series of projects i s  to thoroughly evaluate +:he 
imaging physics o f  detection and quantification of 1-124 and Ga-66 
like radionuclides with modern PET scanners, and to extend the 
application to animal studies using a unique antibody system, 
radiolabeled 3F8, an antibody against neuroblastoma tumoro These 
sbses\rations in animals would lay the foundation for quantitative 
dosfmetry of radiolabeled anti-tumor anti.bodiea e In addition, it is 
likely that animal studies would be pursued with other antibodies, 
such. as A-33, an anti-colon carcinoma antibody, and MX35, an anti- 
ovarian antibody. Im addition, limited patient studies may be done 
(imaging and imunokinetic studies only) m Also, some studies on the 
physiology of antibody localization will be undertaken. 

Planned Continuation and New Objectives 

b) to 8et;epmim tumor physiology whish is important to tumor 
localismtion, and if possible provide approaches which will lead t c r  
improved uptake of radiolabeled antbody.  

Imaging physics studies performed under W E  1989 to 1992 have 
conclusively demonstrated for al.1 of the diverse PET systems so far 
studied (6 distinct designs) , that 1-124 can be quantitatively 
imaged, even in the presence o f  Parge quantities, up to 108 times 
greater, of 1-131. J6n two in-vivo animal. tumor systems, namely, 
nude mice bearing neuroblastoma tumors, and nude rats bearing human 
ovarian cancer, the ability to measure concentrations of 
radiolabeled antibody in vivo has been validated. Having 
established the quantitative nature of imaging with positron 
emitting radiolabeled antibodies, in the initial grant period, and 
having developed quantitative models for immunokinetics that permit 
estimates of microdose from auger emitting f o m s  of Iodine, such as 
Iodine 125,124,123, we propose studies to validate these concepts 
of radiation dosimetry in animal model systemst predominantly nude 
rats bearing NMB7 neuroblastoma tumor. In addition, we have 
developed a quantitative autoradiographic system, for detailed 
study of microdistribution in tumors in animals, as a basis f o r  
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improving the understanding of tissue factors that influence 
uptake, particularly the relationship of antigen expression to 
tumor uptake. This system will ales make it psssib1.e to evaluate 
microscopic antigen distribution is tumors, and will also be 
valuable in assessing local microdistribution of dose, and its 
impact on. We propose further refinement of these methods to assess 
the role of antigen expressim to determining tumor localizations 
of 3F8 antibody. XL4 is said to stimulate GD2 antigen expression in 
neuroblastoma tumors, and w e  will assess the impact of PL4 in terms 
of effects on both antigen expression and uptake. The WB7 tumor 
system i n  nude mice, shows a sharp decline in uptake sf the 
antibody with increasing s i z e  of tumor, and detailed studies may 
give insight into the mechanisms of these cfmang@§, Recent progress 
in assessing the impact of tissue pressure an mechanical factors on 
antibody localization have come from the  work of this DOE grant, 
and further studies are planned to validate a mathematical model 
whish describes the impedance to inflow of antibody into the region 
of the tumor, Furthermore, a system for  reducing the interstitial 
pressure within tumors has also been developed, to assess the 
Baxter-Jaia hypothesis. These studies will be pursued in parallel, 
to determine to what extent  the tumor localization of 3F8 antibody 
into animal tumors can be improved. In addition, it is likely that 
animal studies would be pursued with other antibodies, such as A- 
33, an anti-colon carcinoma antibody, and antigen binding peptides 
that react with TAG-72 antigen. In addition, limitei: gati.ent 
studies may be done (imaging and immuaokinetic studies only) , in 
patients with brain tumor, cobrectal and pediatric tumors, as 
limited demonstration of the principles developed in the animal 
model systems. 
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GRADUATE 8TUDENT8 TPUIBXMEP3 
Masters Dearee Granted 

a. Osmer Malawi, M . 8 .  Bioengineering (Nuclear Medicine 
Research Laboratory) Maintain PC4680 PET camera and the 
coincidence detector apparatus; acquire and analyze the H2015 
and F18DG studies in animals using the eoinch%cwe detector 
apparatus 
bo gongbin Lea, #.$I,, Ph.D. Bioengineering. Design, build 
and implant PIG5 probes and pumps into tumor bearing animals; 
fabrication of WIN and CLGH probes; data acquisition and 
analysis of PFP, IFV and MoAb ALS animal data. 

Post-Doct oral Te nure 
a. Vlpa Bookitticharon, Ph.L (International Atomic Agency 
Fellow) Technetium-99m labeling of 3F8 monoclonal. antibody 
b o  Diu-Thu Vvo, Y.D. , Poet-doctoral fellow QAR cathodslogies 
and Raboratsry research on CLargeting o f  radioimmunotherapy 
Factors important in the localization of radioiodinated 3F8 to 
W B 7  neuroblastoma in vivo. 

- Ph . Be Dearee Grantea 
a.  Jongbin Lee, M . 8 .  PLD, Bioengineering 

- Ph . D. Candidates 
a. O s a m  Hralawa, w. s.  , Bioengineering at CoPumbia University 
(see above) 
b. 8uail xoaath, B.8. , Chemical Engineering; Bioengineerinq 
Program, Columbia University (S tar t  date Sept. 1992) Conduct 
doctoral dissertation research in Nuclear Medicine Research 
Lab: responsible fo r  developing the mathematical analysis and 
software necessary for multiple ALS placement. 
@. Ravi Meorthy, & S a ,  Chemical Engineering; Bioengineering 
Program, Columbia University (Start date July 315, 1992) 
Conduct doctoral dissertation research in neurosurgical 
research lab: responsible for tumor propagation; conduct the 
autoradiographic studies to determine the effects of ALS on 
MoAh uptake; measure tumor Bh and PO, before and after ALS 
intervention; prepare animnals for FDG studies. 

(Edward Leonard Ph. D. Professor of Chemical Engineering, 
Chairman, Bioengineering Program, Columbia University. 
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Finn RD, T i r e l l i  Is ,  sheh Y ,  Knolkt A ,  Gelbard A S ,  T&rEron SBL 
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preparations, Nucl Xnstrum Methods I.n Phydcs  Research 1991; 
1856/57 z 1284-1286. 

10. F i n n  RD, Cheung M W ,  Divgi C ,  st. Gemafn X ,  Graham M, Rmtlow 
K, Larscin SM, Technical chwllenges assodatmd with the  
radiolabel ing of monoclanaL antibadlies u t i 1  L i n g  short-Pived 



15, DiRes<ta GR, Le@ 9, Arbit Eo Measurement of brafa tisc~ure 
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17. Mu%shPme 9x1, Sh\ake 19, Carrasquilbo J, Dzstghighiern F, 6h0sh El, 
Wa3sh T, A v b  I, Reynolds YC, C u t t i t t a  I?, Iar~oxa SM, The 
correct dose: PhamiacologfcalTy guided end point far anti- 
growth factor therapy cancer Rerasar:ch (Suppl) 198% : 
52: 2743s-2746s. 

18. Gheuncjl N-KV, Pentlow K6, Graham MC, Yeh 83, Finn RDI XPrrrreQn S ,  
Radiatisn absorbsd dose and tumor response during therapy w i t h  
3F8, Iodine-131 conjugated monoclonal. antibody. In: Watson EE, 
Schlafke-Stelson #'lip, eaa. Fifth Interaatisnal Fiadiophama- 
ceuticah Dosimetry Symposium (COMF-910529). Proceedings of i?ll 
conference held at Oak Ridge, Tennessee; Oak Ridgo Ebssoefaltod 
universities, 1982: 95-212. 
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(CQNF-910529) 
Tennessee :: Oak 

Prscgadings o f  ET conference held at 
Ridge Wssociaterd Universities, 1992 : 

2 .  

1. Mawlawj. OR. (Mnsiters) A coincidence detection system for  the 
measurement af uptake of positron labeled compoundr%. 
Polytechnic University, Bioengineering 12/17/90, 

2 ,  Lee d o  (MzlaterB) Development of pycnometer 
measuring water content in rat brain tissue, 
University, Bioengineering 1990. 

method for 
~ o l y t  eechn i c  

Lee J. (Ph. D, ) Characterization of parameters affect,ing 
macromokecular transport in neuroblastoma xenograft, 
Polytechnic University, Bioengineering 1892. 

E 

1. 

2 *  

Bading JR. A method bar ana ly t i c  estilrratixm of solute 
transport and d i s t r i b u t i o n  volume parameters. (Submitted to 
Am J P h p i o l ,  Modeling Methodology Forumd 10/1/91). 

Daghdghian F, Pentlaw KS, Iarsoi? SM, Graham MC, DPResta GR, 
Yeh S W ,  Maclzphlac H, Finn RD, Arbit E, Cheung NK. 
Development of a method to measure 'kinstice o f  radiolabeled 
monoclonal antibody in human tumor and applications to 
mhxsdosimetxy: PET studies o f  1-124 labeled 3F8 W i n  
glioma, (Submitted to Zur J N u d  Med 7 /92 )  

1. Pentlow KS, Graham MC, Lambrecht M, Larrson SM. Quantitative 
imaging of radiolabelled ant ibod ies  using positron emission 
tomography. Medical Physic6 1989; 1 6 t 6 7 6 .  
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Ka$rmo KJA, Daghighiaar F, Brownell A-L, Rubin SC, Federicf M, 
Pentlow KS, Larson SM. Positron emission tomography (PET) 
f o r  diagnosis of ovarian cancer metastases using 1-124 labeled 
monoclonal antibody in a nude rat model. J Nucl Meet 
1990;31765, 

Kairsrne KJA, Daghighian F, Brownell A-L, Rubin SC, Foderics M, 
Pentlow KS, Laraton SM. Positron emheion tomography (PET) €or 
diagnoicis of cancer metastases using I-124 Eabeled monoclonal 
antibody in a nude sat model. Eur J Nucl Mad 1990; 16:S54.  

Daghighian F, Kahemo W A ,  Rubin SC, Federici M, Lasson SM, 
Intraoperative beta probe for detecting tumor deposita using 
1-131 and 1-124 labeled monoclswl antibodies (MOAB), Eus J 
Nucl. Med 2998; 1 6 t S 5 3 .  

BaghkghXan F, Pentlow KS, Larson SM, DiResta GR, Graham HC, 
Yeh SIX, Macapinlac: H ,  Finn RB, Arbit E, Cheung NKV, 
Development of a method for quantitative measurement of the in 
vivo kfneti,cs of radiolabeled inntibody in human tumor: PET 
etudfea of I-124 labeled 3F8 monoclonal, antibody fn human 
glioma. J Cereb Blood Flow Metab. 1991; 11:S397. 

Daghighian F, Pentlow KS, L a ~ s o n  SM, DiReslta GR, Graham MC, 
Yeh Sw3, Hacap~.nlac H, Finn RD, Arbit. E, Cheung M W .  In vivo 
kinetics of radiolabeled antibody: PET studies of 1-124 
labeled 3F8 MAB in human glioma. 9 Nucl Msd 1991; 3 2 r 1 0 2 1 .  

Graham MC, Scheimbesg DA, Daghighian F ,  Pentlow KS, Lfu G, 
Divgi e, Capitelli p, ~ ~ S O K I  SM, preliminnary dosimetric 
experience with 1-131 MI95 monocLanaL antibody in acute 
myelogenous leukemia , In: Watson EE, Schkafke-Stalssn AT, 
eba: Fifth International Radfophamaceutical ]Doshetry 
Sympssiu~n (CONF-910529), Proceedings of a conference held at 
Oak Ridge, Tennessee: Oak Rfdge Associated Universities, 
1992:482. 



Cancer' research initiatives of the 5 W s ,  4 0 %  and 7 0 ' s  have found 
their way into the everyday oncology practice of the $6 '  and 9 0 % ~  
The Atomic Energy Agency and its direct deseead,ant, the Department 
o f  Energy, have supported nuclear medicine research heavily and we 
8we much of modern day nuclear medicine practice t o  this support: 
the development of Technetium-99m, the modern gamma camera, Single 
Photon Tomography, Positron Ernissisn Tomography, are examples of 
such DOE suppart. Also,  when the '"War on Cancer" was declared by 
President Nixon in 1972, and the National Cancer Institute was 
established, research iw%tiativeo were begun which have resulted in 
major impact em clinical care in the United States and throughout 
the  wsrld. (3) The use of mammography for screening breast cancer 
p a t h n t e ,  combination chemotherapy for many cornon cancers, the 
biotechnology revoluthn, were prompted by NCI/NTH support . Now 
more than ever, modern nuclear medicine techniques are being widely 
applied in oncslagy for diagnosis and therapy of malignant kumsrs. 
Diagnostic nuclear medicine techniques contribute to the clinical 
care o f  the cancer patient by 1) detecting the presence of occult 
tumorea; 2 )  staging tumor extent 3) monitoring t h e  response of 
tumors to therapy. 4) assessing the impact of tumors on noma1 
organ and tissue physiology. Therapeutic nuclear medicine is use fu l  
in the curative and palliative therapy of a growing number of tumor 
types ,  and in the control of symptoms resulting from cancer, as in 
t h o  control of cancer pain. 

DOE will have an important role in the future in the providing 
essential suppart for basic nuclear medicine research that  will be 
translated i n t ~  clinical practice in the year 2000 and aftere This 
research support will be targeted to growth opportunities in 

I) instrumentation researchp especially computerized imaging 
modalities like PET and SPECT. The areas of promise here include 
applications of computers to image analyeis, to Vuse"  MRI and 
nuclear medicine images, and €or the purposes o f  dosimetry of 
radiotracers targeting cancer fo r  the purposes o f  therapy . This  is 
a major area of need just now, and quantitative imaging approaches 
such as are discussed in this grant wil2 help establish essential 
dose response relationships. Also ,  better hardware is needed and 
new detector systems f o r  PET, such as Lutetium based detectors, 
should lead to improved resolution and sensitivity. Cyclotron 
research and development to improve ease o f  use of these extremely 
valuable research instruments must continue to be supported by M E ,  
in order t h a t  novel radiotracers will continue to be developed as 
a basis for biomedical advances in numerous areas of medical 
science, 

2) the %ew biolegyo@-especially molecular engineering and genetics 
research. Navel radiolabeled antibodies and rrslated molecules, 
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receptor binding ligands, invproved sites f o r  radiotracer 
attachment ,, created by genetic engineering are all. f e a s i b l e  
projects that i f  given support could provide major payback in 
impr~ved health care 

3 1 Radieoham$t!itry and a@w xadiotraasr development-new ways of 
radiolabeling of biomobecules, mere rapid production of cyclotron 
produced radionuclides and t3eir use in radiolabeling and for 
diagnosis and therapy, Also, these i s  a tremendous need to improve 
knowledge about the bioavailability and concentration of anti- 
cancer drugs and biologic response m0difl.ers in tumors, in order to 
better understand the phenomenon of dose response relationships and 
t h e  underlying mechanisms of resigtance of cancers to these 
therapies. The success of gma, thrsrapy, whish seems so promising, 
may in the end depend on the ability to target adequate quantities 
o f  DNA to t h e  r ight  spot within the cel.1. Radiotracers will aid 
greatly in this process, and the DOE should support such efforts. 
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