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SUMMARY

We are reque;ting funds towarde the purchase of a horizontal bore high field magnet
with combined Bpectroscopy and imaging capabilities. This instrument is requested for
the development of the Center for the Noninvasive Study of Drug Biodistribution,
Targeting and Metabolism, by complementing the capabilities of USC investigators in
high field (above 6T) NMR spectroscopy {(chemistry) and lower field (human} MRI
imaging (0.5-2T) and apectroscopy (1.5-2T). The 4.7T NMR requested will allow us to
carry out, in a well coordinated and integrated manner, animal studies to explore and
develop the unigue capabilities of this noninvasive technique for studies of body
chemistry and morphology. The PI and his coworkers have a special interest in the
noninvasive study of drug metabolism and organ pharmacokinetics, and have been the
firast to show that NMR spectroscopic kinetic analysis of drugs can be carried out in
vive in organz and tumors of patients undergoing chemotherapy. The NMR requested will
allow us to carry out both co-clinical and fundamental studies on 1living animals and
gain novel insight into the chemical, biochemical and pharmacolegical changes that
occur at selected organs of a living system when it has been subject to a variety of
physiological, pathophysiclegical and pharmacological stimuli. In addition to the
obvious integration cf the various field levels of NMR, we will alsc integrate this
modality with PET (positron emission tomography), another key method capable of
noninvasive monitoring of body chemistry. Finally, this instrument will also allow us
to fully utilize our novel and unigue apprcach to Pharmacokinetics, that has allowed
us to estimate +the amount of the active form of a drug at its target site when

organ/tissue pharmacokinetic data can be generated.

Specifically, the experiments that are planned for this instrument include:

a) Measuring the kinetics of 5-fluorouracil in tumors, using 19F NMRS, and
correlating such measuremente with the animal’s response, as well as with the
effect of various modulators (e.g. leucovorin, levamisocle, methotrexate, etc)

b} Developing and testing methods for improving and enhancing spatial
localization and guantitation techniques

¢} Initiating studies +to expand these noninvasive pharmacological studies to

other drugs, using both F-19 and proton spectroscopy

The program for which this instrument is reguested is a direct outgrowth of DOE’se
eponsored energy research, and will greatly contribute tc the PI's DOE-sponsored
research, as well as to that of those other investigators who have been active
contributors te DOE’s research programs. NMR, as a noninvasive technigque using stable
isotopes, is a highly complementary technique to the use of radioactive materials. In

line with DCE’s mission of expanding the use of technology in Nuclear Medicine, the
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instrument requested will help open new vistags in Nuclear Medicine studies, by
expanding its role and capabilities into pharmacclogical problems and issues. A& an
example, the development of the proposed 19F studies (to be coordinated closely with
18F studies of the same drugs) are expected to be translatable in the near future to
other stable/radicactive nuclide pairs, such as 13c/11¢c, as well as correlative
atudies of lH/1lc., Other major applications of this new noninvasive technology to
biomedical problems, in closely correlative and complementary etudies with technigues
based on nuclear and ionizing radiation, are alsoc likely. Other USC faculty members
who will alsoc be active participante in the use of the requested instrument include
investigators from the Schocles of Pharmacy, Medicine and Engineering. In addition,
strong support for all these investigators and their projects will continve to be
provided, both by basic scientists in imaging and NMR, and by clinicians in
radialogy, oncology, neuroclogy and other areas of medicine, whose work will alsoc be

strongly stimulated and expanded by the availability of the mpectrometer requested.

The projects proposed by Profs. Wolf and Singh, supported by DOE, are discussed in
detail, and illustrate how this new noninvasive technique may help to open new vistas

in studies of biochemistry, physiology and pathophysioleogy.

USC is one of the major US Universities training graduate students (1902 enrclled in
Ph.D. programs, 311 Ph.D’'s graduating last year). A significant number of USC's
graduate students will continue to be most actively involved, both in the projects
described below, and in those that are expected to evolve as the capabilities of
using NMR spectroscopy for performing neninvasive studies of body chemistry become
more widely recognized as a novel, exciting and unique tool. At least 12 of the
students whe have graduated or are about +to graduate from the Ph.D. programs
agsociated with the PI and the core faculty, are among those who have been involved
in areas directly related to those research programse whose capabilities will be
greatly expanded Dby the acquisition of the high field NMR biomedical imaging
gpectroscopy eystem. Indeed, several of the PI‘s former students have developed their
own position of leadership in directly related research areas. Finally, the
avallability of this instrument will allow us to implement novel vistas in research

and graduate programs in noninvasive studies and in medical imaging.
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OMB CONTROL NO. 1910- 1408

i U.S. DEPARTMENT OF ENERGY
UNIVERSITY RESEARCH INSTRUMENTATION PROGRAM

BUDGET PAGE

ESTIMATED COSTS

Institution’s Other
Requested Cost Sharing Federal
Instrumentation of DOE (1) Funds (2) TOTAL
$ 482,000 $ 240,000 $ 722,000
A. Purchase Price (3} —_——
$ 54,000
Maintenance (4) ERSSRtad XXXXX Xxxxx °_ 54,000
536,000 240,000 .
Subtotal: $ 536,000  § 240,000 $ 776,000
B. Other Allowable Costs
19,000 :
1. Shipping/Bandiing xxxxx °_*% s 19,000
$ 31,000
2. Building/Laberatory Renavation XXXXX T e $ 31,000
- $ 650,000 '
Suboa ' ¢ 30,000
$ 536,000 $ 290,008’
c. ToTaL ’ oof L sEewm
NOTES: (1} Non-Federal funds only. (However, may be provided by a third party.}

(2) Estimate funds 10 be abramedﬁ'om other Federal agencies for purchasing the
instrument, e1c.

{3) Only the purchase price of the instrumentation is eligible for DOE funding
through this program.

{4) See discussion of eligible mainienance costs on page 10.

{5) Only those costs specified above are eligible as cost sharing. Installarion,
operarion, mainienance, travel and fraining costs, or faculty and student
salaries, exc. are ineligible as cost sharing. Review discussion of eligible and
ineligible costs on pages 10 and 11.
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A. Purchase Price (List components and unit prices.)

Total
: Estimated Requested Institution’s
Description/Vendor Quantity Unit Price of DOE Cost Sharing Total
Biomedical NMR Imaging Spectrometer 1 $ 722,000 $ 482,000 $ 240,000 $ 722,000

Additionally, maintenance ¢osts for
the first twe years after the end of
the first year warranty is being
requested.

The vendor that has go far offered
to contribute to USC’s cost sharing
pertion is Otsuka Electronics, USA.
Other vendors have been contacted,
and negotiationg are in progress for
similar arrangements.

The complete specifications for the
system requested are appended

i $ 722,000 $ 482,000 § 240,000 § 722,000

Subtotal:
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NARRATIVE

TECHNICAIL HER;T AND ACCOMPLISHMENTS OF USC'S RESEARCH PROGRAM

1) General Overview

The PI and his collaborators have been, for years, funded by DOE in the development
of novel methods for performing noninvasive studies of body chemistry, with special
emphaeis on drug metabolism and biodistribution. These studies have documented how
nuclear medicine and NMR technigues can be used uniquely for performing noninvasive
studies of body chemistry, and strongly suggest that the combined wuse of NMR and
other noninvasive methods should be extended to a number of further kiochemical,
physiological and pharmacological studies in whole animals and in humans. Indeed, a
key concept that has evolved from these DOE-funded studies is the realization that
the precision with which we might capture the dynamics of a process in a living
system is Inversely proportional to the degree of perturbatién that such a system
has undergone. Thus, noninvasive {e.g., non perturbing) studies of biochemical,
physiclogical and pharmacological events in a living system are no longer a luxury:

they are a necessity in order to correctly measure and observe such processes.

The PI and his coworkers are currently using the only wide bore NMR imaging
gpectrometer that existe in the Southern California basin, a 4.7T CSI at the
Huntington Research Institute. This instrument has been made available to us once a
week, although instrumental failure caused this facility to be out of cperation for
several months at & time. While thie arrangement has and is allowing ug to perform a
limited number of studies, as detailed below, it is not a satisfactory solution
given the nature and the scope of cur programs, and those of other investigators at
USC: there are obvious limitations of instrument availability and scheduling, given
the expanded needs of the investigators at the Huntington Research Institute; this
instrument, several years old, does not have the flexibility for incorporating
several of the new segquences that need to be tested; sequential animal studies,
determined by biochemical needs, can not be scheduled at present; finally, it is not
accessible to other USC investigators. Thus, the core faculty, whe represent a true
interdisciplinary team, 1is therefore desperately in need o0f a much more
comprehensive utilization of the biomedical NMR imaging spectrometer requested, both
for spectroscopy and localization. The key to our interest is that such an
instrument provides unique capabilities and will contribute significantly te further
expanding USC's ability of developing methods and procedures for performing truly
noninvasive studies of living systems, specially at the mammalian Jevel. Concomitant
with the gualifications of the USC faculty, the projects proposed range from the
purely physical to the totally biological, and as documented by their research

-9 -
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productivity and funding, the faculty is well experienced in the development of new

research ideas and methods in these areas.

The PI and his coworkers have, by now, established a well proven track record in
"handg-on" experience in both human and animal NMRS studies. We documented in 1986
(W1} that the metabolism of S5~fluorouracil (5FU) {and hence, by extension, of other
drugs) could be observed, noninvasively and ‘on-line’ in the iiver of patients
undergeing chemcotherapy with B5FU. More recent work in both human (W2,W3,W4) and
animal tumor models (WS,W8), has documented that S5FU is retained in some tumors with
a t3 that is significantly longer than this drug‘s ti in blood. We have uged the
term trapping for this phenomena, and shown that a good correlation appears to exist
between the degree of trapping cf SFU in a tumor, and a patient‘s response to
chemotherapy {(W3,W4). These firet leads have now been expanded and we have
documented that we can also observe, in animals, how a modulator (methotrexate)
affects the metabolism of SFIL in an experimental animal tumor model (W?). The
studies we propose to perform expand and expleit these leads, and are intended to
allow us to make the fullest use of this new methodology for gaining a better
understanding of the mechanism of action of drugs, and for using such information in

bagic science and clinical studies.

However, such studies would not have been possible without a first rate
interdisciplinary team that had been developing the Radiopharmacokinetics program,
including both basic scientists and clinicians. This team includes basic scientists
{Prof. RXenneth L. Servis) with a well-established "hands-on" experience in
high~resclution chemical NMR, basic scientists (Prof. Manbir Singh) developing new
vistas in the use of neuromagnetism in biomedical applications, as well as
pharmacokineticists (Prof. David D’Argenio} and mathematicians (Prof. = Alan
Schumitzky), developing algorithms that have allowed us to test and analyze various
multicompartmental models of 5FU, using the radiopharmacokinetic methods developed
as part of our DOE-funded programs. R. Ricardo Brechner, M.D., Ph.D., who had done
his Ph.D. with Prof. Wolf, is now sharing responsibility for the c¢linical NMR
studies at the St. Vincent Medical Center, as well as working with Prof. Singh on

spectroscopic and imaging studies at the LAC/USC Medical Center.

As stated above, instrumentatien for high-resolution (chemical) NMR is readily
available at USC, including several FT NMR spectrometers: a Varian XL-200, an IBM
Wp-2708Y, a JEOL FX~200, a Brucker AM-360 on the University Park Campus, and a 200
MHz Varian Gemini on the Health Sciences Campus. USC has also well gualified faculty
in these and "directly related areas, some of which are actively involved in the

current proposal. For clinical (human) NMRS studies, two units are currently in
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active use: the 2T Helicon at St. Vincent’s Medical Center, and the 2T Gyroscan at
the LAC/USC _}maging Center. Two additicnal MRI unite have and used for these
projects: the 1.5T Magnetom at Pomona Valley Community Hospital (where most of
published human work had been performed), and a 1.5T Magnetom at the VA West Los
Angeles Medical Center, thereby covering the major regions of the Los Angeles
metropolitan basin (east, central and west). The VA facility is of particular
interest, inasmuch as it also has an operating PET unit, which the PI is using for
correiative 187~5FU imaging and kinetic studies. Other units, in additicn to the
above, have shown interest in participating in clinical epectroscopy studies,
including Loma Linda Medical Center, Long Beach Memorial, etc. Thus, and provided
this current grant is funded, Socuthern <California is likely to possess a major
coordinated program resources in basic¢, animal and clinical spectroscopy, and the PI
has proposed the coordination o¢f these efforts inte a "Regional Spectroscopy
Center". The present proposal is both a logical and highly desirable complement to

the above basic and clinical efforte.

Thus, the present request for a Biomedical NMR is for the missing link that will
allow researchers in the Los Angeles basin to fully integrate their NMR interests
and capabilities, from chemical and physical studies in the 5-14 T (high resolution)
range, to 0.5-2.0 T for human studies. What is more important, this integration of
efforts will allow us to closely correlate and interdigitate chemical, biochemiecal,
pharmacological and clinical studies, an integral approach we have been fostering
and nurturing in both cur ongeing DOE research program and in new programe expanding

the noninvasive studies of body chemistry.
2) Prior work by the Prof. Wolf and Coworkers using l1SF-NMRS

5-Fluorouracil (5FU} is cone of the most extensively used antitumor drugs, originally
reported by Heidelberger et al. (W8) in 1957, and widely used since, specially for
breast (W8), stomach and ceolon (W%), and sgquamous cell carcirnoma of the head and
neck (W10), esophagus and anus. Its metabolism has been widely reported: most of the
drug is catabolized in the liver (W11,W1l2) to G§,6é-dihydro~flucrouracil (DEFU),
alpha-fluoro beta-ureido propionic acid {FUPA) and finally to alpha-fluoro
beta-alanine (FBAL). A s8mall fraction, however, can be converted into various
flucrinated nucleotides and nucleosides such as FUR, FU4R, FdUMP; some of these
intermediates can, in turn, interact with thymidylate synthase, with RNA or with
DNA, all of which have been implicated in the possible mode of action of this
antitumor agent (W13,Wl4). Thus, a necessary conditien €or assessing whether this
drug is active in that individual would be to be able to menitor in that individual,

what fraction of the injected S5FU is catabolized in the liver, and which fraction of
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SFU is anabolized to the active anabolite(s) inside the tumor. While tumor biopsies
has been used, to measure tumor anabolism {W15), availability of such material is
inherently limited, can only be collected a very few times, and is unavailable from
unaffected organs {(e.g., the liver). We had successfully used 18F (the 2 hr,
positron emitting radionuclide of fluorine} to label S5FU (Wl6é) and to moniter drug
biodistribution in animals (W17) and in patients {W18,W1%}, and shown, in a murine
tumor model (L-121C Lymphocytic Leukemia) that the responsive variant of that tumor
accumulated 4x as much 1By than the refractory varjant (W20). However, and while
such studies did provide valuable information, they failed to provide the key data
on the chemical nature of the flucrinated products present at any of the target
sites, inaemuch as nuclear imaging alone is unable to generate sufficient data +to
analyze the likely compartmental models we tested using our radiopharmacokinetic
modeling approach (W21l}. Inasmuch as the high sengitivity of nuclear detection can
now be complemented by NMR spectroscopy {(£.g., a method that allows noninvasively a
direct chemical analysis of sélected fluorinated compounds present at the desired
target sites) we expect to be able, by using the combination of these two
techniques, to estimate and validate a reduced model (including the key

compartments) aimed at understanding the biodistribution and the metabolism of SFU.

Pilot 12F NMR studies in patients. Two series of 19F-NMR spectroscopic human studies
have now been conducted by us in patients receiving 5FU. The studies in Erlangen {in
1986/87) included 8 patients. Of these, 7 patients received 5FU as a bolus and 1 as
a slow infusion. The results cbtained with the first three patients have been
published (Wl). Spectral data were collected from the liver in all these patients,
and over the tumor in 5 of these patients. All patients receiving G5FU as a bolus
{5+~15 min) did document the presence of both 5FU and FBAL in the liver, although
their residence times and rates of metabolism varied, both as a function of the dose
administered, as well as of inter-patient variations, Liver half-lives of G5FU
fanging from 15 to 30 min were determined in the first three patients who had
received 1000 mg/mz, whereas more rapid catabelism appears to occur in patients
receiving 600 mg/m2. This could suggest a nonlinear kinetics in the catabolism of

this drug.

We have now extended these cbservations by evaluating the pharmacokinetics of SPU in
the tumore of 16 patients with carcinoma of the breast, colon, endometrium, cervix
and kidney, using 19P-NMRs, following administration of 5FU 600 mg/m2 (W3,W4). 1In
these studies we detected a long-lived tumor poel of 5FU in tumors of 8 out of +the
16 patients atudied. The half-life of this tumor pool of “"trapped"” S5FU was 0.33-1.2
hra, significantly longer than the half-life of S5FU in bloed (5-10 minutes). Neither
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the anabolites of S5FU (fluorinated nucleosides, nucleotides, RNA or thymidilate
gynthase), nor the catabolites, e.g., fluorcbetaalanine (FBAL), were detectable by
19Fr NMRS. Of the B patients evaluable for antitumor response who received only SFU
or 5FU plus leucovorin, § of the S patients who accumulated ("trapped®) free 5FU in
their tumors had clinically documented tumor responses. All of the 3 patients who
did not show detectable 5FU after the first 2 spectra failed to respond tec therapy.
The th of S5FU in the tumors of those patients that responded to 5FU ranged from .33
te 1.2 hrs, while the t% of 5FU in the patients whe did not respond was in the order
of 4~10 min, a value corresponding to that of 5FU in the bleod pool. In one patient
studied twice, the intratumoral ti of 5FU given alone was 22 minutes, and after
treatment with BFU plus leucovorin was 20 minutes, not a statistically significant

difference. No anabolites of 5FU were detected in either study.
Correlations of the Clinical Response of Evaluable Patients with 19F-NMRS

Results of Therapy

Tumor Trapping* SFU plug Leucovorin Other SFU Combination Therapy
of SFU > 50% Response Nc Regponse > 50% Response No Response

YES 5 o 1 1

NO 0 3 2 2

*Tumor trapping of S5FU is defined as retention with a t&% of 20 min or greater.

Pilot NMRS studies in animal tumor models: Following the first in vivo 19F NMRS by
Griffith et al {W23) in mice and a 1.89 T vertical bore NMR system, we attempted (in
collaboration with Griffith) to monitor the L-1210 lymphocytic tumor in mice (W24);
Hull et al. studied mice bearing both the sarcoma-180 and the M5076 tumors (W23);
Wolf et al. studied control rats and rabbits (W5,W6)}, while Nunnally et al. had
studied rabbitse at high doses (W26).

Proper selection of animal tumor models is ¢ritical, inasmuch as they should mimic
and predjict what hasg been/will be happening .in patients. The selection of a proper
animal system and a proper tumor model is pot a +trivial issune. Two animal systems
will be used in this work. Preliminary work (WS) had suggested that the metabolism
of 5FU in the rabbit liver parallels well that of the human liver, while a very
different metabolic pattern was observed in rats and mice. The only detectable
compounds seen in the livers of rabbits were 5FU and FBAL, even at very high doses
{(at least one order of magnitude higher than what would be used in patients). One
poseible reason for the species differences in the handling of this drug could be in

their differential enzyme levels and ability to synthesize metabolizing enzymes. 1In
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the liver of mice one of the intermediate catabolites (FUPA} was detectable (in
addition to FPAL), and the catabolism of 5SFU, even at low doses, was much faster
than in humang and rabbits. In rats, not only were both these catabolites seen in
the liver (FUPA and FBAL), but alsc the anabolites (nuclecsides/nucleotides). Our
ongeoing tumor studies have shown that the 19F NMR spectra detected in the VX2 tumor
in the rabbit also parallel the 1%F NMR spectra detected in human tumors, whereas
more compounds, including the FNUC peak, are detectable in the Walker 256

adenocarcinoma tumor model in the rat.

While recognizing its limitaticns as a model, we believe that the use of the Walker
256 carcineosarcema in rats - a tumor reperted to be responsive to SFU (W27) - has
been producing results that may have 8Bignificance as models for human studjies.
Griffiths et al. had detected the FNUC peak by NMRS (W2B), and Wolf et al. have
fully confirmed such findings (W6,W7). Recent work has shown that MTX modulation has
a significant effect on the metabolism of S5FU: rats bhearing the Walker 256 tumor,
when pretreated with MTX, exhibited a marked increase in the rate of formation of

the FNUC peak, and of its relative amount, shown in the following figure:
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A simple 2 compartment subsystem model (see above) has been used to analyze these

data: k3 represents the rate of conversion of G5FU to FNUC, kg the rate of
catabolism of 5FU and its elimination from the tumor, and kgs its rate of conversion

to the active anabolites (incorporation into RNA, binding to thymidilate synthase).

Rate constants estimated using the reduced subsystem model 1B (x 10-3)

5FU alone (n=6} MTX 5 hr (n=5) MTX 22 hr (n=4)
ka1 6.442.3 15.425.0 il.et3.6
01 11.6%4.9 .003%.002 2.4%4.2
ko2 -12%.29 1.4+.9 1.94+.96
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Using an F test for kz), <the difference between the rats receiving only 5FU and
those pretreated with MTX, was p<0.01 for MTXShrs, and p<.02 for MTX22 hrs. For the
twe MTX treatment groups there is no statistically significant difference even at
the 5% level. These reults suggest that more detailed studies are needed to
determine which scheduling regimen will maximize the MTX modulation in the Walker
256 model, so that the pharmaceologically optimal modulation can be tested in humans
for its maximum therapeutic potential. The mean kg1 value for 5FU alone is
ptatistically significantly different £rom the mean values for the rats that had
received MTX at 5 and 22 hrs prior to 5FU: p<.00l and p<.02, respectively. For kqg2,
the F-test is statistically significantly different at the 1% level (p<.Cl). We have
alse begun to validate these estimations: when rats bearing the Walker 256 were
sacrificed at 2 hours following treatment with S5FU alone, or following predosing
with MTX, and their tumors extracted, a significant increase was noted in the FNUC
present in the acid-soluble fraction: from 464+68 nmel/g to 1027:304 mmol/g, as well
as for the S5FU isolated from the RNA fraction: from 106%24 to 257164 nmol/g. These
resulte clearly illustrate the power of this method, and suggest that it should be
used to test the effect of modulators on the metabolism of SFU. As noted in the
discussion of the clinical studies to be performed, the clinical effect of MTX on
enhancing 5FU response ig variable in the large number of reported etudies. The
present preclinical results suggest that most ¢linical studies may have been
performed with suboptimal pharmacologic understanding and suboptimal clinical
scheduling. Therefore, these pilot preclinical studies will be used in the design of
the clinical NMRS studies proposed intended to determine if it is possible to
enhance the therapeutic efficacy of MTX using dosing schedules whose effects can be
monitored, and thereby, optimized. Finally, the work we have pioneered is now being
taken up by other groups. Prior, Maxwell and Griffith (W29) have extended their
studies and fully confirmed our observations that 19F NMRS can indeed monitor drug
metabolism in vivo, and Jynge et al. (W30) have now extended such studies to another

fluorinated drug, fleroxacin, a new trifuloroquinoline antibioctic (W31j.
3) I13F NMRS studies with 5-Fluorouracil (Walter Wolf, Ph.D.)

some of the gpecific noninvasive pharmacological and pharmacokinetic studies we wish
to continue performing using <the biomedical imaging spectrometer will address the

following guestions:

a) What is the quantitative correlation between trapping of S5FU in a tumor and the
response of that tumor to¢ chemotherapy, and 1is such & correlation truly

predictive?
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b} What are the specific effects that modulatore of SFU action, such as leucovorin,

levamisole por interferon have on the kinetics of 5FU trapping and metaboljism?

c¢) What are the best methods that can be used to .enhance the eensitivity of
detection of fluorinated compounds in vive and their spatial localization, as

well as collecting information from more than one tumor region?

d) How can we begin extending such studies ¢to other drugs, both using 19  and

perhaps 1H, specially if we they have protons that abscorb above 7 ppm?

As an example of studies on the effect of various condition on the metabolism of
SPU, a tumor bearing Sprague Dawley rat will be administered light anesthesia
(Ketamine, 50 mg/Kg and Xylazine, 10 mg/Kg, IM) and will be placed in the specially
designed rat heolder for the 4.7 T NMR spectrometer. An IV catheter will be placed in
the animal, allowing drug administration at the desired time, and maintenance of the

iV anesthesia. The following seguence will now be carried out:

1} Position coil over the tumor

2) Acguire a proton "scout" image (e.g., a very fast and rough image) of the region
monitored by the surface coil, and verify that the rat’s tumor is well
pogiticoned in relation to the surface coil. Reposition rat, if necessary.

3} Shim, either glcbally, or locally on the region to be studied, using a DRESS
technique.

4) Switch to the 19F frequency and collect a background 19F spectra from that one
organ/tissue

E} Inject the desired dose of S5FU (from 15 to 150 mg/kg)

6) Collect serial spectra over the tumor during drug administration and for 2-6

houre thereafter

Specific variables will include: a comparison of the kinetics of the 13F containing
compounds present when S5FU is administered alone, or after the prior administration
of leucovorin, methotrexate, levamisole or interferon, at various times before 5SFU
injection. Thesgse studies will be conducted in succession, 8¢ that each rabbit acts
as its own contrel. For example, a rat may receive first a therapeutic dose of SFU
{in the 20-40 mg/KRg range), NMR spectra will be recorded, then the second drug will
be administered, and a new series of spectra will be recorded following
administration of a second dose of SFU to that same rabbit. This second study may be
performed the same day, or one or twe days later. Inasmuch as preliminary studies
suggest that the parameters of a 3 compartment subsystem model for SFU can be
estimated from the NMR data in the rat tumor (where both S5FU and FNUC c¢an be

detected) (W3l), it will be of great interest tc determine which parameters are
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;ffected by the action of the varicus modulators: SFU uptake, conversion to
nuclecsides/ Pucleotidea, incorporation inte the active producte (RNA, thymidiiate
synthase), or catabolism and excretion. These estimations will be possible in the
walker 266 tumor of rats, when using NMRS alone, and appear to be possible in  human

and rabbit tumors, when combining 19F NMRS with 18F pET.
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4) Spectroscopic Localization and Quantitation Studies (Manbir Singh, Ph.D.)

Although the ® requested instrument wil be used primarily for i9gp Bpectroscopic
studies, studies wusing 231p, 13c and lE spectroscopy are alsc planned. The
spectroscopic localization and guantitation aspects described below are therefore
i1llustrated with 19p studies, although they could be readily adapted readily to the

other nuclei.
Spectroscopic Localization

To maximize sensitivity, surface coils are used in our ongoing 19F studies, and will
continue to be wused with the reguested instrument. Unlike he saddle shaped ceoils
used in conventional imaging, surface coils produce non-uniform field distributions.
The greatest sensitivity is at the surface, diminishing with distance in accordance
with the Biot-Savart law. When the surface coil is wused to exrcite as well as
receive, the flip angles change as a function of distance from the surface coil, and

this factor must also be included in the sensitivity optimization procedures.

Instead of using the standard rf excitation pulses, an adiabatic pulse can be
deaigned for-use with a surface coil to achieve almest uniform flip angle throughout
the excited region. B preliminary experiment using an adiabatic¢ half-pulse on the
1.5T magnet system produced almost a factor of two sensitivity gain in a simple
phantom. This pulse sequence will be developed further with the requested system,
tested with phantoms and animals, and refined for eventual implementation in human

gtudies.

In conjunction with sensitivity optimization, +techniques to localize the region of
interest, pertinent to our spectroscopic applications, will be investigated. A few

poseible approaches with their pro and cons are summarized below.

Depth-resolved surface spectroscopy (DRESS)

A 90 degree selective excitation pulse, applied in the presence of a B0 gradient
along the depth axis of the surface c¢oil, results in the excitation of a plane
parallel to the area of the surface coil (Sl). The lateral extent of this plane,
however, is determined by the sensitivity profile of the surface coil and is not
well defined since the isocontours curve backwards, although this may not be a major
problem because there is almost no background uptake of 19F in our applications, The
gradient is turned coff, and a gradient refocussing pulse is then applied toc generate
the signal via a gradient echo. The duration of the signal is limited by Ta*, i.e.,
the effective T2 wvalue in the presence of field inhomogeneities. Thus, the major

problem with DRESS that we may encounter in our work is that turning gradients on
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and off produces eddy currents requiring a waiting period before data can be
acquired, resylting in the loss of signal from short T2* components. The in-vivo T2*

values of relevant 19F components are not known to us at the present time,

Volume selective excitation (VSE)

Like DRESS, VSE utiljizes selective rf pulses in the presence of BO gradients to
define a sensitive volume. The difference lies in the manner in which the sensitive
region is formed. Composite pulses are applied along each axis in the presence of
gradients such that at the end of the seguence, nuclei within a selected cubical
volume are left with their original longitudinal magnetization, whereas nuclei
elsewhere have their magnetization tilted in the transverse plane (S2). The
transverse magnetization dephases rapidly producing no signal. Subsegquently, & 90
degree read pulse with the gradiente turned off provides a localized signal from the
selected region. The advantage of this method over DRESS is that it allows for
additional time {proportional to Ty rather than T2*} to switch gradients and to wait
for the eddy currents to dissipate. The disadvantage is that high powered rf pulses
are required to produce accurate flip angles, implying that a body rf coil is
essential to produce accurate flip angles. If the flip angles are not accurate,
nuclei outside the region of interest may contribute a much larger net signal than

that from the selected region, rendering the technigue practically useless.
Image selected in-vivo spectroscopy (ISIS)

The above limitation of VSE is reduced in ISIS which deoes not reguire an accurate
flip angle, and surface coils could therefore be used to excite and receive. A
combination of frequency Belective inversion pulses in the presence of BEC gradients
is used to generate positive and negative signals from the selected and surrounding
regions (83)., A series of eight experiments, with resulting FIDs added while
maintaining their proper sign, produces localization in cubical vclumes. Like VSE,
the data acquisition window is controlled by T] decay. Thus, gradient switching and

eddy currents are less ¢f a problem than DRESS.

At this stage it appears that ISIS or approaches related to ISIS may be the best
choice for our work. Test-object and animal studies will be conducted to evaluate
ISIS as well as related approaches with the requested instrument to determine the

optimum technique for 19F human studies.
Phaze-encoded spectroscopic localizatiom

In gituations such as encountered in our work where signals are inherently weak, an

alternative to the volume localization technigques described above may be to acquire
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first the signal from a larger region and then subdivide it into smaller *point" or
localized regions through mathematical postprocessing. We propose to investigate a
spatial encoding technigue for spectroscopy, Bimilar to imaging, where a gradient

would be applied along the depth axis of a surface coil to encode phase. Data are
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function of the effective T2 ({including field inhomogeneities) respectively. The

gquantitated cencentration 'C’ of a specified chemical component is then determined

from the following eguation.

A.V' .5 . £(T1y' . £{T2)"
T TRINETRaD )
where primes are used to denote values from a standard. *A*' is measured from the
area of the peake, and ‘V' is determined by the sensitivity profile of the coil in
conjunction with the rf exitation pulse (normal or adiabatic) and the particular
spectroscopic leocalization technique used. As mentioned earlier, we are still
searching for a suitable spectroscopic leocalization technigue for our application.
The sensitivity profile of the surface coil may be delineated from an equivalent
proton image since the resonance fregquencies of protons and 19F differ by 5% only.
The sensitivity facter 'S’ depends, among other factors, on the '@’ value of the
ceil, which in turn depends on how well it is tuned. The functions of T; and Tz are
dependent on the particular pulse sequences used. Optimal placement of a standard
for reference isg etill under investigation. Various test-objects will be studied,
and several standards for generating the reference signals, for example, small beads
containing known amounts of 5FU, FBAL or G&FUR (aB a representative of the
nucleosides/nucleotides that appear at the FNUC peak) will be investigated to

evaluate the quantitation procedure.
5) Imaging Research (Manbir Singh, Ph.D.)}

There are two ongoing projects related to development of instrumentation and
techniques in NMR imaging that we wish to pursue with the reguested instrument. The
first pertains to echo planar imaging and the second to flow imaging. These are

briefly described below.
T2 Effects in Echo Planar Imaging

A major limitation of c¢onventional magnetic resonance imaging (MRI) techniques is
the relatively long data acquisition time reguired for collecting a complete set .of
samples to reconstruct tomographic or three-dimensional images of the human body.
Thie limitation is set mainly by the pulse repetition rate TR as constrained by the
relatively long (~1ls) longitudinal relaxation time T; of biclogical tissue. The data
acquisition time in a typical spin echo head scan, for example, is on the order of
minuteg, and longer acquisition times are normally required for other regions of the
body. Respiratory, cardiac and bodily motion, ag well as flowing bleood and fluides in
the body represent potential sources of error in the images reconstructed from data
acquired over such long scan times.
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éeveral innovative approaches have been developed in MRI to reduce the data
acquisition time. These may be divided in two broad categories. One category is
based on redJcing TR in conjuncticn with small flip angles (instead of the commonly
used 90 deg flip angle). By optimizing the flip angle and utilizing gradient echoes,
it is poseible to cut the scan time to a few seconds with a small penalty in the
signal-to-noise ratio (SNR}. The second category, which can complete data
acquisition in about 50ms for a single slice, is based on the echo-planar imaging
{(EPI) approach, first described by Mansfield in the mid-1970s (S86). In a current
version of the EPI1 approach, an initial 8lice-selective 90 deg rf pulse is
followed by an oscillating gradient field along one axis (e.g., the y-axis) and a
constant or a sharp pulsed (“blip") gradient along an orthogonal axis (e.g., the
x-axip} to generate a train of gradient echoes (S7). Each echo within thig train
represents a row in k-space, i.e., a row within the two-dimensional (2-D) Fourier
Transform (FT) of the object. If appropriate x and y phase encoding gradients are
applied before the oscillating gradient field, the k-trajectory in the above
gequence traces a rectilinear path through the planar k-space, sequentially sampling
the entire k-space following a single %0 degree excitation, thereby generating what

is referred to as an "inatant snapshot" image.

An inherent 1limitation of the EPI technigue, in addition to the hardware and
.gradient power requirements, is the constraint imposed on the data acquisition time
by T2* of the excited region. The acquired k-space samples are sequentially weighted
by T2* along the k-trajectory. Due to magnetic field inhomogeneities, Tz* may Llie
in the 10-100ms range for some biological tissues, where its value is comparable +to
the data acquisition window. Short Tz componente impart a transient weight to the
acquired data, thereby distorting the measurements and the resulting images produced

by an Inverse Fourier Transform (IFT) of the k-space samples.

A possible strategy teo reduce the effects of T2 is to shorten the data acgquisition
window. The acquisition time, however, cannot be reduced arbitrarily because it is
limited by the switching rate of the gradients, the sampling rate of the analog teo
digital converters, and the truncaticn errors that would result from a short
acquisition window, ultimately limiting the resolution in the images. We are
investigating several approaches to correct for distortions in echo planar images
caused by short Tz components (58-8l1l1). In an iterative approach (810,811}, which
appears to be very promising, the values of T3 are initially estimated from a set of
images produced by the inverse Fourier Transform of the geometric mean of Hermitian
symmetric points. The estimated Tz values are then used to compute k-space data,

which, when compared with <the true data, provide error datasets and corresponding
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images to iteratively refine the estimates of T2. Images corrected for T2* decay are
thereby generated at specified echo times, Computer simulation studies of several
phantoma sho; good convergence under a variety of conditicns. This procedure should
enable wider data acquisition windows tc be wutilized in echo planar or spin echo
images, leading to better resolution or better signal to noise ratio. The procedure
could alsc be applied to spectroscopy to reduce T2* related artifacts and enable

wider data acgquisition windows.

The requested instrument will not have encugh gradient power to perform standard
echo planar imaging over the full field of view of the magnet. However, it should be
possible to generate enough power within a small central region toc enable us to
verify our concepts by using a small cobject or small animale. We propese tc develop
the necessary seguences and algorithms to perform echo planar imaging of small
objects. In addition we will also pursue fast imaging techniques such as ‘RARE’
seguences (S512), which are sim%lar in concept to echo planar, but can be implemented
using standard hardware. Our preliminary experiments suggest that RARE would also
require Tz correctiocns similar to echo planar, and we have invesgtigated technigues

to enable correction under a variety of pulse sequences (§12).

Plow related effects

Moving protons produce either time-of-flight or phase related effects in NMR
imaging. Phase shifts are produced by movements of the protons along the y or x
axig, i.e., the axes along which the phase encoding and the read-out gradients are
applied in typical imaging pulse sequences. These phase shifts produce many
non-linear effects on the resulting images. On the one hand, these effects may
result in several types of artifacts as well as a loss in the signal. On the other
hand, the same phase sghifts may be contreolled to produce images depicting desired
flow characteristics, giving NMR its unique ability to image and eventually guantify

in~-vivo flow.

The flow induced phase shifts depend on several variables related to a coupling of
the flow parameters with the parameters of the specific imaging pulse sequence used
in a study. To visualize the effect of phase shifts on spin eche images acquired
under a variety of conditions, we have initiated a computer esimulation study using a
phantom containing stationary as well as flowing regions (S13). The role of
parameters such as flow direction, mean velocity, velocity modulation, gradient
pulses, echo time and data sampling time in preducing artifacte and the reduction of

these artifacts by a flow compensating pulse have been examined. It is shown that,
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due to the finite data sampling window, the flow compensating pulse cannot fully

correct for phase shifts even for first-order motion (S13).
¥

We propose to use the requested instrument to perform test-object and animal studies
of bagic flow phenomena and relate the experimental results to our ongoing
theoretical studies. Qf paricular interest are the study of turbulent and pulsatile
motion which would have numeroug clinical applications, for example, in imaging the
heart or in angiography. Alsc, our studies will allow us to develop methods to
reduce motion related artifacts in practical imaging. In addition, we also propose
to extend our work teo image diffusion and perfusion related effecte using

test-objects and animals.
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QUALIFICATIONS OF THE FACULTY

The faculty participating in this propesal have all documented their interest and
have active invclvement in the wuse of NMR techniques in biomedical and clinical
work. Thus, Prof. Wolf has been dedicated his research, funded by DOE, tc the
development of methods and technigues that would allow the measurement, in living
systems, of how much of a drug is required at the target site to exhibit activity.
Such information is not available from blood measurements, but reguires measurement
at the drug’'s site of action. Such work has required the formation of a team,
composed by specialists in various disciplines, that would c¢ollaborate on the
DOE-funded programs. This team includes Prof. Manbir Singh, who, with a background
in Physice, has specialized the development of novel approaches in Medical Imaging;
Prof. KXenneth L. Servis, who has expanded hie interests from chemical NMR
spectroscopy intc their application to biomedical problems; Prof. Cary A. Presant,
who as an eminently successful practicing oncclogist provides key clinical insights
and expertiée into this work; Prof. David Z. D'Argenic, whose work in the
development of novel computaticnal methods for pharmacokineties has found a logical
field of application in the development of Radiopharmacokinetics; Preof. Alan
Schumitzky, whe has and is providing unique new insights into the application of
mathematical concepts inte the sclution of the computational probleme encountered in
the development of the Radiopharmacokinetic technique; Prof. Kenneth K. Chan, whose
understanding of pharmacokinetics as applied to cancer allows for a good correlation
between our methods and those currently in use; and R. Ricardo Brechner, Assistant
Professocr of Research Radiology, whose original training as an MD, followed by a
Ph.D. in Biomedical Engineering, bring his dual wunderstanding and expertise in
medical imaging and data  processing, as well as pharmacclogy and

radiopharmacockinetics, to the development of this new field.

Conventional methods of analysis that require sampling inroduce a significant
perturbation intc the system, thereby modifying the very phenomena we are trying to
measure. The PI has categorized this notion, analogous tc Heissenberg's Principle of
Uncertainty, as the Biological Principle ©f Uncertainty. However, if and when we can
measure events which do not perturk the system (e.g., noninvasively), then we may be
able to gain information heretofore unavailable. NMRS is particularly suited to the
study of drugs, inasmuch as such materials are administered, for pharmacological
reasons, in significant amounts, and because they may possess, in their molecule,

unique markers suitable for noninvasive NMR detection and measurement. 1%F is one
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gEuch marker, and there are over 40 drugs now in the pharmacopeial armamentarium that
are fluorinated. The PI has worked for several years with 5-fluorouracil, and shown
that its metaLolism can be detected, using HNMRS, in the liver of humans and animal
models; that there are gignificant species differences; that S5FU can be detected in
the tumore of rabbits, rats and humang, and that trapping of S5FU may coffer a direct
correlation between NMRS measurements and prediction of clinical response. Thus,
Prof. Wolf has a documented interest and track record in the use of NMR in clinical,

biochemical and pharmacclogical studies,

The other investigators are all highly qualified and with active experience and
expertise in NMR studies, including basic high field (Servis, Singh, Chan), c¢linjical
{Waluch, Presant) and animal systems (Servis, Singh). Further support to our group
is provided by Dr. Presant‘'s medical oncelogy colleagee, and David Z. D'Argenio,
Ph.D., for computational methods for the radiopharmacokinetic analyses. Although not
directly related is the work that Prof. Singh has started in neuromagnetic imaging,

one. further utilization of magnetic phenomena in biomedical research.

IFE_SPAN, OPERATION AND MARINTENANCE OF THE BIOMEDICAL NMR IMAGING SPECTROMETER

While it is difficult to predict the probable life-span of the type of instrument
requested, the PI has a track record of maintaing and utilizing, for many years, any
equipment acquired. Thus, we are still using some of the nuclear equipment purchased
in the 1960's, and the PI‘s E-3 ESR spectrometer was only retired recently, after

more than 15 years of active service.

Operationally, this instrument will be operated by the PI, the coinvestigators, and
their graduate students and post-doctorals. The PI plans t¢ have one technician or
postdocteoral assigned to be responsible for the operation and maintenance of this
important resource. Funding for such an individual will come from the grants of the
PI and of his coinvestigators. Currently, the PI is paying 5450/day for access to
the only other wide bore NMR spectrometer in the Los Angeles basin. Assuming 20 days
of operation of the biomedical NMR imaging spectrometer, and if the same rates were
to be charged, this would result in an annual "income™ of over $100,000. No f£final
decision has yet been made on how to share the NMR'sg operating expenses, including
the technician/postdoctoral, but obviously such sharing is required. It is expected
that as the potential of <this technology becomes more widely appreciated and
understood by the scientific community, the rate of demand for the utilization of

this instrument will grow to the point where an additional wide-bore NMR might be

needed in 3-5 years.
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The operation of the NMR facility will be supervised by a Committee selected from
among the usegs listed in this proposal (Profs. Chan, Presant, Servis, Singh, Waluch

and Wolf), as well as new users that may be added subseqguently.

INSTITUTIONAL PLANSE FOR COST~SHARING

The cost-sharing plan proposed by USC is that we are reguesting from DOE a grant for
67% of the cost of the NMR, plus the maintenance for years 02 and 03, whereas USC,
throeugh funds available to the PI and the co-investigatore, would provide the other
33%, plus the costs of transpeortation, building renovation and payment of sales
taxes, as well the operating and maintenance of the NMR after year 3. Otsuka
Electronice, USA, has offered to provide 5$240,000 towards the purchase of the
biomedical NMR imaging spectrometer. This has provided the basis of the matching

needed to reguest the current grant.

USC, a8 a private University, does not have a source of internal funds available for
capital equipment purchases. Indeed, it meets the reguirements that have led Federal
agencies, such as DOE, to providing the funds reguired for acquisitions of necessary
research equipment. USC has, on the other side, been quite successfull in raising

funds for its programs, as well as for individual faculty members.

USC will pay for the transportation of the biomedical NMR imaging spectrometer, the
renovations required for ite installation, the taxes that will have to be paid, as
well as any further expenses that are needed to keep thie important egquipment

operational.

DISCUSSION OF EOW WE BELIEVE TEAT WE HAVE ADDRESSED THE COMMENTS BY THE REVIEWERS OF
THE PRIOR APPLICATION

Inasmuch as this proposal had been reviewed previously in 1989/90 (9002-195), it
would appear appropriate to address some of the guesticons that were raised in such
reviewe. ARlthough these reviewes were unanimously highly favourable, the proposal
was not funded. One of the few negative comments was that no description of the PET
related programs were included in the write up. This is because no funds are
requested for such studies. They are fully described in the regular DOE program, and
we wonder if the reviewers may have access to those. Thig same reviewer comments
about resolution and sensitivity. Indeed, ths is one of the precise reagons for our
requesting this instrument, instead of continuing to operate, on a very part—-time
basis, at the Huntington Research Institute. We wish to implement the localization

techniques that have been discussed in Prof. Singh‘s section of this proposal, as
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well as be able tc operate on a daily schedule, rather than be limited to a single
day a week. M?re on that below. Finally, this reviewer questions the availability of
graduate students in the NMRS area. Because of our integration and collaboration
with Biomedical Engineering, Chemistry and Radiology, we have full access to
personnel and gtudents in those areas. While we expect to recruit graduate students
for this program, we have had excellent success in training graduate students in
Medicinal Chemistry/Pharmacy for undertaking and performing NMRS studies. They are

fully qualified.

Another reviewer has asked about the NIH preposal. This has now been approved and
recommended for funding, with a good priority (19%). Although it wae not funded in
the December 1950 round, we have been advised that there is a very high expectation
for it to be funded in Pebruary 1991. Another guesticon of the reviewers relates to
the notions of tracers. While, in nuclear medicine, we need to radiolabel materials
and use (radicactive] tracers, and while such studies can be extended toc NMR with
nuclides such as 13c, a stable isotope of carbon 12, the proposed work does not use
tracers. Rather, is makes use of the full power of the atoms already present in the
very molecules that we are interested in measuring. Thus, 19F has an abundance of
100%: all natural fluorine is 1%F, and we are therefore able to measure fluorinated
drugs and their fluorinated metabolites without any further addition of any tracers.
Furthermore, we now intend +to extend such studies +to other drugs, given the
significant progress being made in 1R spectroscopy in vivo. While mest of the
current work has and is being done in the methyl region (1-3 ppm chemical shift) and
has focused, as in the case of the 31p work, on rhysiclogical compounds, most drugs
have protons in the aromatic and heterccyclic regions (6-12 ppm). We believe that
drug studies are now possible in this region, allowing us tco extend these concepts
of noninvasive pharmacology to most drugs whose dosages are in NMR-detectable
amounts. We have not proposed detailed experiments for such an much broader
extension of the pharmacological NMRS studies because we have not yet had time to
cellect the necessary preliminary data. This will be possible if we have our own
magnet, which could be scheduled for a number of such exploratery studies. A even
mere critical reason for our own magnet, as oppeosed to using, on a one day a week,
the Huntington instrument, is that we are not currently able to perform true
longitudinal studies: studying the same animal in successive days, and studying
animals the day their tumor have reached the optimal level of growth. Thus, our own
magnet is no longer a guestion of convenience: 1t is a necessity to perform studies
in a rigorous, systematic manner. We have documented what we can do under difficult
conditions. We are now requesting suppert to show what we can do under much better
conditions.
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In addition of their contribution to cost-sharing for the acguisition of the
Biomedical NH% spectrometer, we have been advised by Otsuka that they wish to
collaporate with us in a more sustained manner. Their corporate structure hae been
recrganized, and Dr. Ray Nunally has Jjeoined them as Director for Research. New
goftware specially asuitable for pharmacological studies should now be made
available for this 4.7T magnet, as is being made available for the 2T Siemens

magnete, now operating on the SPZ software.

Finally, we have deleted all projects cther than those from Dr. Singh and myself:
Dr. Lewis has left USC, Drs. Colletti and Turk are using the eclinical Gyrosecan
syatem for some of their studies, and while Dr. Chan continues interested in the in
vivp interaction of drugs with receptors and enzymes, he recognizes the need to
collect preliminary data. This will be possible once our system is available.
Indeed, it will be possible for a number of other investigators at USC to get such
preliminary data, and thereby expand, significantly, the research capabilities of

this institution.
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Fluorine-19 NMR Spectroscopic Studies of the Metabolism of 5-Fluorouracil in
the Liver of Patients Undergoing Chemotherapy. W. Wolf, M.J., BRlbright, M.S.
Silver, B. Weber, U. Reichardt and R.S5auer, Mag. Reson. Imaging, 5 (No. 3},
165~169, 1987.

Simulation of linear compartment models with application to nuclear medicine
kinetic modeling. D.Z. D'Argenio, A. Schumitzky and W. Wolf, Comp. Prog. in
Biomed., 27, 47-64, 1988.

A Non-Invasive Study of Drug Metabolism in Patients as Studies by F-19 NMR
Sgectroacopy of 5-Fluorouracil. Walter Wolf, Michael §, Silver, Michael J.
Albright, Horst Weber, Ulrich Reichardt and Rolf Sauver. pp. 491-4%3, in
"Physiclogical NMR Spectroscopy: From Isclated <Cells to Man”, Sheila M. Cchen
and Jeffrey R. Alger, eds., New York Academy of Sciences, New York, 1988B.
Noninvasive Drug Monitoring, Using Nuclear Medicine and Nuclear Magnetic
Resonance Technigues. W. Wolf. Nuclear Medicine/Nuklear Medizin: New Trends and
Possibilities in Nuclear Medicine, 770-774, 1988.

Considerations Towards The Structural Identification of Large Compartmental
Models By Subsystem Analysis. D. Young, A. Schumitzky and W. Wolf. Indian
Journal of Nuclear Medicine. 4, 193-197, 1989.

Compartmental Biodistribution of a Monoclonal Antibody Rgainst Human Lung
Adenocarcinoma Grown in Athymic Mice. J. Shani, S. bin Mohd, W. Wolf and L.E.
Walker. Intl., J. Radn. Appl. Inetr. Part B: Nucl. Med., Bicl., 16, 33-40, 1989
Noninvasive Monitoring of Drug Biodistribution and Metabolism: Studies with
Intraarterial Pt-195m-Cisplatin. J. Shani, J. Bertram, C. Russell, R. Dahalan,
D.C.P. Chen, R. Parti, J. Ahmadi, R.A. Kempf, T.K. Kawada, F.M. Muggia and W.
Wolf. Cancer Research 4%, 1877-1881, 1989.

Tumor  Trapping of  5-Fluorouracil: in vivo 19F-NMR Spectroscopic

Pharmacokinetice in Tumor-bearing Humans and rabbjits., Walter Wolf, C.A.
Presant, K.L. Servis, A. El-Tahtawy, M.J. Albright, P.B. Barker, R. Ring III,
D. Atkinson, R.L. Ong, M. King, M. Singh, M. Ray, C. Wiseman, D. Blayney, and
J. Shani. Proc, Natl. Acad. Sci., 87, 4%2-4%6, 1990.
Human Tumor 5-Fluorouracil Trapping: Clinical Correlaticns of in-vive 19
Nuclear Magnetic Resgonance Spectroscopy Pharmacokinetics. C.A. Presant, W,
Wolf, M.J. Albright, K.L. Servis, R. Ring III, D. Atkinson, R.L. Ong, C.
Wiseman, M. King, D. Blayney, P. Kennedy, A. El-Tahtawy, M. Singh and J. Shani.
J. Clin Oncol. 8, 1868-73, 1990
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Singh, M., Brechner, R.R., Oshio, K., Leahy, R., and Henderscn, V., SQUID
Neuromagnetic Recenstruction of Brain Activity, SPIE 1351, 417-426, 1990

Singh, M. and Brechner, R.R.: First Experimental Test Object Study of
Electronically Collimated SPECT. J. Nucl. Med., 31, 178-186, 1990

Singh, M. and Brechner, R.R.: SQUID Tomographic Neuromagnetic Imaging. Int., J.
Imag. Systems & Technol., 1, 218-222, 199
Oshic, K. and Singh, M.: A Computer Simulation of T2 Decay Effects in Echo
Planar Imaging. Magnetic Resonance in Medicine, 11, 389~397, 1989

Singh, M:, Leahy, R,, Brechner, R.R. &nd Yan, X.: Design and Imaging Studies of
a Position Sensitive Photomultiplier Based Dynamic SPECT System. 1EEE Trans.
Nucl., Sgi. NS 36, 1132-1137, 1985

Brechner, R.R. and Singh, M¥.: Comparison of an Electronically Collimated System
and a Mechanical Cone-Beam System for Imaging Photons. IEEE Trans, Nuecl. Sci. NS
36, 549-653, 1988
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Attenuation and Scatter Correction in SPECT. IEEE Trang. Nucl, Sci. N§-35,
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in SPECT. J. Nucl. Med. 28, 1853-1860, 1987

Brechner, R., Singh, M. and Leahy, R.: Computer Simulated Studies of Tomographic
Reconstruction with an Electronically Collimated Camera for SPECT. IEEE Trans.
Nucl, Sci. NS-34(1), 369-372, 1987

Brechner, R. and Singh, M.: Reconstruction of Electronic Collimated Images
Obtained from Single Photon Emitters Using a Spherical System of Coordinates.
IEEE Trans. Nucl. Sci. N5-33(1), 583-586, 1986
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Kaposi Sarcoma and Lymphoma in AIDS with Indium-111 Labelled Liposomes. Lancet
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Canc. Res. 30, 604, 1989.
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K.K. Chan. Dozorubicin at 75mg/mb for hepatocellular carcinoma: Clinical and
pharmacokinetic results. Cancer Treatment Rept. 68, pp. 487-491, 1984.

Henget, J.€.D., XK.K. Chan and M.S. Mitchell. Inhibition of proliferation without
affecting the generation of cytotoxicity in the human mixed lymphocyte reaction.
Cellular Immuncl. 20, pp. 281-254, 1985.

Moran, R.G., P.D. Colman, A. Rosowsky, R.A. Forsch and K.K. Chan. Structural
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Commumicated by John D. Roberts. October 16, 1989

ABSTRACT The pharmacokinetics of 5-fluorauracil GSFLl'}
were studied in vivo in palients with discrete tumors and in
rabbits bearing VX2 tumors by using ''F NMR spectroscops.
The human siudies were conducted in a §.5-T Magnet(!m
magnetic resonance imager (Siemens), and lhe rabbit studies
were conducted in a 3.7-T GE. Nicolet 33-cm bore magnet. Free
SFL was detected in the tumors of four of the six palients and in
all VX2 tumors but not in normal rabbit tissues. No o(t!er
metabolites were seen in Lhese iumors, contrary to the extensive
catabolism we had previousiy documented using '*F NMR
spectroscopy in both human and animal livers. The lumorl pool
of free SFL in those homan tumors that trapped 5FU was
determined to have a half-life of 0.4-2.1 hr, I'I'l'l.l(.‘!l longer ll_ufn
expected and significantly fonger than the half-life of SFL in
blood (3-15 min), whereas the half-life of trapped_S.F.L' in the
VX2 tumors ranged frem [.85 to 1.22 hr. In this initial expe-
rience, palienl response 1o chemotherapy may correlate w;_th
extent of trapping free 3FU in Lhe human lumors. T!nese _sluc_hes
document that NMR spectroscopy is clinically feasible in vive,
allows noninvasive pharmacokinetic analyses at a drug—target
tissue in real time, and may produce therapeuticalh imporu_ml
information at the time of drug administration. Demonstration
of the trapping of 5FU in tumors provides both a mod_el for
studying metabolic modulation in experimental tumors {in an-
imals) and 2 method for testing modulation strategies clinically
{in patients).

The pharmacokinetic monitoring of drugs in human tumers
has been limited by the invasive nature of sample acquisition.
Most pharmacokinetic analyses have been pcrformcc_i on
serial serum or plasma sampies thal measure only Lhe circu-
lating drug compariment. not the conceatration of the drug‘or
its metabolites in the target tissue of imerest. Drugs radio-
actively labeled (intnnsically) with a jray emitt_er can be
monitored quantiatively by y-ray camera detection (sm_glc
photon or positron-emission tomography}, but such detection
captures the total pool of all labckeq cornpqunds present
without disiinguishing between chemical species.

Nuclear magnelic resonance spectroscopy (NMRS]. on the
other hand. is a well established chemical technique used for
the identification and characienization of chemical sub-
stances and. more recently. for merabolite identification (1),
Although this technigue has been extensively used on sample
analysis in witro {1}, this method has not yet been demon-

The publication costs of this anticle were defraved in pan by page chargs
payment. This article musl therefore be hereby marked *"advertisement
in accordance with 18 U.5.C. 1734 solely to indicate this fact.
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sirated 10 be unequivocally vseful in the analyvsis of human
TUMOrsS 1 vive.

We have been using '°F NMRS to anatyze the time course
and the metabolism of fluorinated compounds in living sys-
tems. snasmuch as this NMR-sensitive nucleus is present in
a significant number of drugs. such as S-fluorouracil (SFU).
Prior publications have shown thal such nopinvasive analy-
ses could be accomplished in mice (2), and we had extended
this work 1o show that the time course of SFU uptake and
cataboiism could be monitored in the uninvolved normal liver
of cancer pauents receiving SEU as part of their treatment (3.
We have now extended such studies by monitaring the time
course of SFL uptake into tumor tissues in both animal
models and patients 10 assess objeclively and individually the
degree of drug targeting and metabolism al specific tumor
sites.

Our resuits show that the pharmacokinetics of SFU uptake
and metabolism can be measured in vive in human twmors
(breast and colon carcinomasl in real time and that the rabbit
VX2 carcinoma (a pharmacological model widely used by
others for SFU-related studies) can serve as an animal model
for helping to analyze ang undersiand the data from human
wmors. These results show thal. contrary 16 expectations.
there is retention (trapping™’) of free SFYU in some human
tumors. Such tumor trapping of free SFU may have signifi-
cant clinical ymplications for assessing the effectiveness of
SFU treaiment, for seiection of chemotherapy in individual
patients. and for improved evaluation of melabolic moduia-
tion of 3FU chemotherapy in vivo. More broadly. these data
suggesi that in viveo NMRS may have significant poteatial.

both in understanding human biologica! processes and in
guiding therapeuncs.

METHODS

The present study has been done by using F NMRS and
described methods (3.7%). For animal studies. 10° VX2 tumor
cells were implanted in 1he right flank of New Zealand White
rabbits, and these animals were studied 2 weeks postimplan-
tation. The rabbit ta be studied was anesthetized by intra-
muscular administration of a mixture of xylazine and ket
amine. An i.v. catheter was placed in the marginal right ear

Abbreviations: SFU. S-fluorouracil: NMRS, nuclear magnetic reso-
nance spectroscopy; FID, free induction decay: 7-°. effeciive trans-
verse relaxation: FgAla, 2-fluoro-3-aminopropionic acid.

To whom reprint requests should be addressed,

Wolf, W, Servis. K.L. & El-Tahtawy, A.. Annual Meeting of the

Society of Magnetic Resonance in Medicine. August 17-21, 1987,
New York, absir. 587,
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vein. 5o that drug could be admunistered afier positioning 2nd
proper shimming. The umor was positioned over a l.Sl-cm
suface coil. well.centered in a 33-cm bore 4.7.T NMR
spectrometer. After administration of SFU a1 100 mg.'kg as a
bolus. 1680 free induction delavs (FIDs) were acquired at
20-kHz speciral width with a delay time Iof 250 usec and a
pulse (15 usect uptimized for maximum s1g_nal al 188.160061
MHz. All spectra were corrected for basehne and smoothed
with a gaussian filler maiched 1o the effective transverse
relaxation time (T-") of the FID. An exiernal sample of SFU
was used to venfy the identity of the peaks ob_ser\-_'ed.

Patients were studied by positioning each patiemtina 1.5-T
Magnetom, with the Wumor located over or beneath a 13-cm
surface coil. The patient was piaced so that the tumor was
centered in the magnet. and a fast low angle shot IFLASH)
image was acquired to venfy positiomng. An Lv. catheter
was inseriad into the patient’s arm. and aﬂgr proper sh;m-
ming. a bolus injection of SFU a1 600 mg 'm- was piven b.v.
A 1otal of 256 FIDs were acquired at S-kHz speciral u_;dih—
repetition time = 1 sec. delay time = 200 psec. with the
radiofrequency pulse optimized for 3-cm depth, at 60.012500
MHz. All spectra were carrected to baseline and smoothed
with a gaussian filter matched 10 the 727 of the F1D. Series
of consecutive spectra. each collected over a 4‘1?-mml pe-
riod, were obtained during the first hour afier drug adminis-
Lration. -

Al the conclusion of 1 hr, some patients were repositioned
to acquire further spectra from the liver und_cr the same
acquisition conditions. Four to six consecutive 4.17-min
specira were coliected.

RESULTS

An exampie of a sequential series of specira obtained from
the animal studies is illustrated in Fig. 1. These spectira
document that while free SFU is present in the region
monitored by the surface coil. no anabolites or catabolites of
SFU were detected up to 3 hr after drug injection. The
half-life of free SFU in the VX2 tumor of the rabbit was
estimated at 1.05-1.22 hr. By comparison. the half-life of
SFU in the blood of humans and rabbits ranges from 5-15 min
4. 5). In a study conducted as part of this work, we measured
the half-life of SFU in equivalent tissue regions of control
rabbits (withoul tumors} with the NMRS method and ob-
tained values from 6.5 1o 9 min. These values compare well
with the half-life of 5FU in rabbit blood. as reported by Kar
et al. (5), with use of standard HPLC techmiques.

B0 min Fie 1

Prow Nutl Acad. Sen US54 &7 (1990, 493

120 min

90 min

Stacked plot of “F NME
specita of the A X2 tumor ampisnted in
New Zealand White rabtit flunk o after
v admimsiraiion of SFL gt 100 mg kg
at 30,45 K90 and |2 min postinged-
Lon Each spectrum was the resull of
1680 FID~ acquired at 20 kHz speciral
width with a delay time of 250 usec and
4 paatse 118 usec)r ophimized for mavmum
signat gt 185260061 MHz. A 1.5cm sur-
face coil was used. All spectra were car-
recied 10 basehine and smoothed with @
gatiswan filter matched 10 the T of the
FID.

Note that no fluorinated nucieosides or nucleotides were
detected in the VX2 wwmor of the rabbit in vive. even when
tumor uptake of free 3FU was increased 3- to 8-foid afier
mtraarienal drug adminisiration 16). Such anzbolites were
seen. however. afier excision of these rahbit (umors and
collection of ™F NMR specira ex vivo.*** One possible
explanation is that conversion to 3-flucredeoxyundine mono-
phosphate (which is then complexed 10 thymidyiate svnthe-
1asel and to fluorinated RN A had occurred im vivn. but that
after resection these complexes underwent hydroivsis 10 low
molecular wetght. NMR-visible compounds in vitro. NMR is
not a very sensilive technique. and only compounds present
in significant concentrations are detectable. Under our cur-
rent conditions of measurement and sensitivity, we have
determined thal concentrations of SFU below 0.25 mM are no
longer detectabie. We anticipate that instrumental and oper-
ational improvements of NMRS may significantly improve
that fimit of detecton.

Data for six of the patients studied are presented in Table
1. A stacked plot of the I¥F NMR spectsa collected over the
tumor of patient 6. who had a colon carcinoma that had
metastasized to the liver. is shown in Fig. 2, illusirating
detectable amounis of SFLU. No other detectable metabolites
tanabolites. catabolites) were seen, even when all these
specira were summed. The possible nature of the second
peak observed in this patient, 1.8 ppm downfield from SFL.
1s discussed below. At the end of the above acquisitions. the
patienl was reposiioned with the surface coil over his
uninvolved liver. and four spectra were recorded starting at
1 hr after drug adminisiration. Only signals due to 2-
fluore-3-aminopropionic acid (FBAla} could be detected,
which were of lower intensity than those of the SFU signal
detected in the tumor region.

Similarly. the specira of both patients 1 and 2 revealed the
presence of free SFU in their tumors, again with no anabolites
or catabolites detectable by noninvasive NMRS. The spectra
from patient 3 failed 1o reveal any deteciable accumulation in
the tumor of either SFL . its anabolites, or catabolites over the
first 90 min afier drug injection. The spectra from patient 4
were collected over the liver wmor and, because of the
lecation of this neoplasm. included tumor as well as unin-
volved iiver tissue. Although a SFU signal was delected after
drug administration. this signal disappeared rapidly. suggest-
ing that it probabiy came from uninvolved liver tissue or from

***El-Tahtawy, A, Servis, K. L. & Wolf. W., Annual Meeting of

the Sociely of Nuclear Magnetic Resonance in Medicine, Auvgust
12-1B, 1989, Amsterdam, abstr. 411.
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Table 1. Correlation belueen “F NAR spectroscop fesulis and chemotherapeulic response
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Tumor “F resofance® Chemutherapeutec
::::t::( ) Tape Lo atien N om ‘FL FNLC FgAl Chemotherapy fesponse’ (7}
1 Rectal udenocuranoma Presacral PE.S - - - SEL . Leuctt Partial response (K17
spave
: Breasi carcinoma Breast A - - - ARLL Dove. Osddophos Panial response 1800
1 Breisl cardimyma Breawt Extal - - - SFL . Meno. Cuclophos Partial respunse 195
4 Carcinomi of colon Liver hEEC - - -3 SEL . Lepwo Progressin of
diseane

5 Endometnal carcinoma Lung PR - - - SFEU. Leuco Purtial response 153
;J Carcinume of colan Liver oo - IR - - - SFL . Leww Purtssl respunse 173

sCompound~ detectable by mvn UF NMRS SFL . pesh corresponding 10 the [ree 3SFLU. FNLC, nucleosdes and nucleotides generated from
o ~ )

SFL : the chemical shift differences from thewe compounds ure 100 small for separution by v NMRS Exfol. exfoliating. & ~ notauon for
SFU ‘indicates its presenve beyond the firvt few spedira ufter drug administration teach spectrum requires .17 mun of coliection imet: hence,
ihc i ' signiﬁcﬁnﬂ\ exceeds thal of SEL n the blood pool. A ~ notatwn for FANUC and FBALa indicates their presence in umy specira collecied

over the umer.

*Current chemotherapeutic regimens. Some patients may have received pnor chemotherapeutic apents. Leuco. ieucovorin: Dovo. doxorubicn;

Cuclophos. cyclophusphumide; Meno. menagaril.

no new lemors.

TPercent reduction in sum of products of cross-secnonal diamerers of all measured tumors. Pantial response is >50% reduction in sum. with

aThe FAAIs detected in this pauient was probably due 1o signals coming from the nentumorous hiver lissue surfounding the tumor. So FBAla
was detecied 10 two studies in patient 6. consistent with the fact thal s hver tumor was large and was. therefore. probabh not contaminaled

wilh tnontumorous! liver sapnals.

the blood present in the volume detected by the surface coil.
A strong signal from FBAla was detected sub_s-equenlh.; well
in agreement with out pnor heatthy-liser sludaq_es (31, Interest-
ingly . the SFU signal from patient 6 had a significantiy longer
half-life than those signals from patient 4 {who atso had a colon
carcinoma with liver metastasesi. The spectra from patient §
revealed SFU. with no detectable anabolites or catabolites.
A preliminary analysis of the response to chemotherapy is
consistent with 2 positive correlation between tumor SFU
trapping. as measured by 'F NMRS and at least partial
response to SFU-containing chemotherapy (Table 11. Pancn_l
1 had an 81% panial response 10 SFU alone and in combi-
nation with leucovorin. Pavent 2 had a 50% partial response
1o SFLU alone and in combination with cyciophosphamide and
doxorubicin. Patient 3 had a panial response 1957 reduction
in tumor areal. but she receined a combination of SFU.
cyvciophosphamide. and menogaril. Patient 4 had previously
had a partial response 10 SFU plus leucovorin but had begun
1o progress al the time of this study and. therefore. had 0%
response ta SFLU at the time of analysis. Patsent 5 had a §3%
partial response 10 5FL plus leucovortn. Patient 6 had a 73%

SFU

100 50 00 -50 -100 -150
ppm

F1c. 2. Stacked plot of 1°F NMR specira 1aken over the liver
metastasis of the colon carcinoma of patient 6 from ( to 55 min afier
i.v. administration of SFU at 600 mg/m- as a bolus. The patient was
positioned in a 1.5-T Magnelom before injection. Each spectrum was
the result of 256 F1Ds acquired at 10-kHz spectral widih with the 90°
pulse optimized for 4 cm at 60.012500 MHz and a ]-sec repetition
rate. All spectra were correcied for baseline and smoothed with a
gaussian filter matched to the 72" of the FID. Series of consecutive
spectra, each collected over a 4.17-min penod. were obtained during
the first hour afier drug administration.

response 10 SFU plus leucovonn. Thus. of four patients with
tumer trapping of SFL'. all four had significant chemothera-
peutic responses. Of two patients with no deteclable SFLU
trapping. one palient ireated with SFLU' was reswistant to
therapy and the other patient, treated with non-5FU chemo-
therapy (as well as SFUI. responded.

The pharmacokinetics of free SFU in tumor tissues was
analyzed by serial evaluation of the relative intensity of the
SFU peaks 10 determine clearance rates. As an example, a
data plot of free SFU in the tumor of patient 1 and in the VX2
tumor in a rabbit is shown in Fig. 3. Regression analysis of the
relatzve intensity of the SFU peak in the tumor of pauent 1
gave an cltmination half-life of 1.3 = 0.5 hr. compared with
1.1 = 0.3 hrin the VX2 tumor. In contrast. the elimination
half-life in normal tissues of a rabbit without twmors tFig. 3}
was only 6.5 = 2.2 mun. a value well within the range of the
half-life of SFL in the blood of rabbits (5) or humans (4).

As an example of NMRS apphication 10 the siudy of SFU
modulaiion. palient 6 was siudied twice. (/) On the first study.

50

Ralative intensity

0.0 ’ 1.0 * 20
Tirme, hr

Fic. 3. Comparative kinetics of SFU in rectal adenocarcinoma of
patient § (8], in VX2 twmor of rabbit (), and in an equivalent volume
of the rabbit (including blood and surrounding tissues) {m)—all mea-
sured by PF NMRS. These three curves were fitted to a one-
exponential mode!: half-life for free SFL! in a region of a2 nontumorous
(contral) rabbit that included blood and tissues was 6.5 = 2.2 min, in
the recial adenocarcinoma of patient 1 was 1.3 = 0.5 hr. and in VX2
tumor of a New Zealand White rabbit was 1.1 = 0.4 hr,
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which wus also his first SFU dase. he only recerved the
slandaurd bolus wjection of this drug. (o1 1 the second study
conducted b weeks later. thas patient recenned leucovonn phus
SEL. The kinctics of intratumorzl SFU were unchunged by
lescovonn: the 1. of mtratemorat SFU was 22 = Yminoa the
ficst study and 20 = 3 min 4 weeks later. when caloium
feucasorin (500 Mg m7Fwias given as an s nfusonover 2hre
after 1 hr. SFU at S0 mg 'm™ was gien as @ holus imection.
No peaks attributable W0 Suonnaled nucleosides _nucigonde\
could be detected in They patient. These results. it confirmed.
suggest that leucovorin potenuation of SFU chemotherapy
response In colon Carcinoma i not due Lo a umverss enhance-
ment of SFU uptake. prolongation of intracellular SFU half-
life. or marked enhancement of the conversion of 3FL 1o
nucleosides or nuclectides. More patients are obviousty
needed to further validate these preliminary obserations.
Another interesting observation was made in these two
studies of patient 6 in his first study, shown in Fig. 2. a
second peak. 1.8 ppm downheld from SFL. was seen. The
patient exhibited significant climcal edema. an observahion
also seen upon shimming. which resealed a much higher
water fal ratio in this proton spectra than expecied. The
short half-life of the second peak (3.9 mun) s consisient with
SFU in the extraceliutar fluid thlood. interstitial fluids). The
second study. where (he patient’s edemna had been sigmifi-
cantly reduced by diureucs. extibited no such second peak.

DISCUSSION

The antitumor action of 5SFU depends on the uptake of this
drug into tumars. on its transformation inlo its nucleosides
and nucleotides. on the covalent binding of 3-fluorodeoxy-
undine monophosphale to thymidyiale synthetase. and on
the incorporation of 5-fluorouridine into RNA (73. Thus. the
first step required for SFU to exhibit antitumor activity 1s i1s
uptake into the tumor cell. a process considered to be
controlied by passive diffusion (7). However, several recent
studies have suggesied the existence of a facilitated diffusion
(8) or an active Lransport process {91,

One problem inherent to such studies is thal measunng the
nature of drug metabolites 1n tumor ssues Tequires that the
animal be sacrificed so that tissue samples can be removed and
analyzed or that biopsy material or surgical specimens from
humans be available. In either case. the dala obtained from one
individual were limited 10 a single ume point and did not allow
for studies where the dynamics of the system could be cap-
tured from a single individual. Noninvasive methods that allow
chemicals to be measured in living sysiems are ideally suited
to generale such crucial types of information. Drugs that
contain fluorine in their molecular structure lend themselves
particulariy well to such aoninvasive methods of monitoning.
The fluorine alom is 1005 '*F. and this aiom has an NMR
sensitivity second only to that of the proon (84% ) and a very
large chemical shift range (over 200 ppmi: furthermore organic
compounds do not occur naturally in the human body . A major
limitation of NMRS. however. is that. although a technique of
exquisile resolution. it has limited sensitivity, requiring con-
centrations >0.5 mM. and only molecules that can tumble
rapidly are readily detectable. Thus. large fluonnated mole-
cules (including the SFU-containing thymidylate synthetase
ternary complex and SFU-containing RNA} would not be
detectable under the present condilioas.

Prior studies using NMRS have only demonstrated 3FU in
human tumors in vitre and concurrent studies (in abstracts)
in tumors in liver (10, 1), where the relative concentrations

" Cemmier, W.. Bachen-Baumann, P.. Guckel, ¥., Lehner, B.,
Schiag. F. & von Kaick, G.. Annval Meeting of the Society of
Magnetic Resonance in Medicine, August 20-26, 1988. San Fran-
cisco. abstr. 258,
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of SFLU in tumors vs. hiver could not be sepuarated. in the
reporied evperments we have demonsirated ¢ method for
noninyasiyely analy zing the pharmacokingues of free SFUn
human tumors in vive and show the ¢lose corretation and
concordance of results with those obtained in the rabbn VX2
1umaT,

Detectuble amounts of o previousiy uphnown, relatively
long-lived trapped poot of free *FL were measured in four of
the ~ix patient~ that could be properhy esaluated. snd this free
SFLU hud o hall-hle of ehmination of = hr. The similurty of
thin phenomenan in human tumors to results In the VX2
wmor should muake the lutter model useful for explonng the
effects of vanous metabohic modulations on the extent of
SFU trapping and changes in SFU half-life. in the generation
of increased amounts of nucleosides and nucleotides, and in
the amount of catabolism 10 FBAla. We also note that the
VX2 wmor is not a tumor model highly responsive 10 SFU
chemotherapy: the data of Kar er al. (%) and our own
preliminary observalions suggest that the VX2 tumor in
rabbits is mildly-to-moderately responsive 10 SFU therapy., in
the general range of response comparable with that of most
human solid temors. The VX2 tumor in rabbits is not highly
responsive Lo SFU in that complete remissions are not seen
after SFU at 130 mg/kg i.v. Therefore. the VX2 tumor could
be useful not only to discos er and study modulatars of in vive
SFU tumor metabolism. but also to detect enhanced SFU
anutumor effects from addition of such modulators.

Better understanding of these resuits can perhaps be gained
by conceptualizing a model for SFU biodistribution and
metabolism {Fig. 4). expanded from one we had ecarlier
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] Fic. 4. Companmental modei of SFU distribution and metabolism
in tumor-bearing patients or othet mammal. Shaded areas represent
tumor, liver. and kidneys, each of which may contain several com-
pounds, Catabolites of SFU (FBAa. S-fluoroureidopropionic acid. and
3.6-dihydrofluorouracill have been grouped together. The low-
molecilar-weight anabolites generated from 5FU expected in the
tumor {nucleosides and nucleatides) have alsa been grouped 1ogether

in box 6. Each compariment is cither directly measurable or ¢an be
estimated by radiopharmacokinetic analysis (11).
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proposed * These modebs suggest that the first step—
namely . transfer of SFL from blood companiment te tumor—
appears o depead on the local concentralion of drug n the
carly postadoumistration phase because SFU s very rapadly
clcu.rcd from the blood. That free SFL 1+ seen in the tumars
studied for at least 1 hr—well after a has been JImm!
completely cleared from ihe hlood—.uggests thut once AFL
i taken up by tumor tissue. diffusion back into the bleod af
anvi is much slower. Thus, the present work supporls the
h\bmhcm that 3FL enters into selected tumors by enther a
facilitated-diffusion or an 4CUVR-ITUNSPON Process t8. 9.
after which its diffusion oul of the tumor is very slow,

Our results aiso uppear consistent with the hy pothesis that
the free drug is trapped in the tumors. whereas It 15 not
trapped in tissues (of rabbits) that are not prohferating
rapidiy. such as muscle. bone. skin. e1c. Pos_s:t_)l_\ the trapped
pool of free SFU represents not only the originally accumu-
lated free SFU. but atso some 3FU that had been accumu-
iated. converted 10 nucleotide, and then degraded back 1o
free SFL'. _

We note that our results conflict with other studies that
have shown a long retention of free SFLU in the sarcoma 180
and M5076 umors in mice.*¥= but not in the murine Lewis
lung carcinoma {2). A report (in absiract onlyt on ex-vivo
chemical analysis by Sorensen er af. (12) suggests that the
half-life of free SFU and of flucrodeoxyuridine monophos-
phate in human tumors 15 much longer than previously
thought. o

Assessing the therapeutic significance of drug trapping ts
important. Perhaps the presence of drug trapping and me-
tabolism may predict tumor sensitivity 10 SFU therapy. as
indicated by the appareni agreemenl between trapping and
response (or lack of trapping and lack of responselin five of
the six patients evaluated (Tabie 1). The possible effect of
other drugs on the extent of trapping and anabolism may heip
assess the degree of synergism between drugs in an individual
patient. The kev observation is thar it is now passible to
measure the time course of g therapeutic agem las an
unequivocal chemical species) in its intended 1arger sire in
humans in vivo. and we believe that such measurements may
indicate therapeutically important information at the time of
drug administration. .

Another guestion that these noninvasive siudies might
address is the degree and the rate at which SFU s convened
o its nucleosides/nucleotides in specific tumors and the
activalion steps required before this drug can exercise s
antitumor action. Whether other drugs. known to inleract
synergistically with SFU, can affect either tumor trapping of

L:iHul. W. E.. Pon. R.. Osswald. H. & Kunz. W.. Annual Meeung
of the Society of Magnetic Resonance i Medicine, Augost 18-22,
1986, Montreal, abstr. 594
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SFU and or vy conversion o amy effectine nucieosides and
nucleotides also deserves anvwer.

Of broader sigmificance » the polentiat appiication of F
NMR spectroscopic pharmacokinetios (o explanimg the be-
havior of other luoninaled drugs in vivo tn hemans. The
distribution and effectiveness of 3-fuoro-2'3 dideoxvey-
Ldine as an antinal agentin AIDS can be studied +13). an can
the relative effect of route of drug administration on drug
targeting. The methad described in this work could be applied
0 o number of other fluerinated drugs. especially chemo-
therapeutics (fNovundine. Frorafur. & '-deovy-5-Auoro-
undine. diffuoromethylornithine).

Finally. such noninvasn e pharmucokinetic studies can be
theoretically exiended to any drug by using either selected 'H
peaks or the ''C content ¢natural or enriched:. even though
such studies are at present technicatiy very difficuit.
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Human Tumor Fluorouracil Trapping: Clinical Correlations of
In Vivo '°F Nuclear Magnetic Resonance
Spectroscopy Pharmacokinetics

By Cary A. Presant, Waller Woll, Michael J. Albright, Kenneth L. Servis, Robert Ring 111, Dennis Athinson,
Richard L. Ong, Charles Wiseman, Mark King, Douglos Blayney, Peter Kennedy, Ahmed E!-Tahtawy,
Manbir Singh, ond Jashovam Shani

We praviously reportad thot fluereuratil {SFU) accumu-
lation ond metobslism in human livers and tumors
ton be studied by in vive nuclear mognetic resonance
spetiroscopy (NMRS), We hove extended thess obaer-
vations by evoluating the phormacokinetics of 5FU in
the tumors of 11 patients with tarcinems of the
breast, tolon, sndemetrium, cervix, and kidney, viing
"E.NMRS in o 1.5 Magneiom (Siemans Medical Sys-
temns, Cerrite, CA] magnetic resenonce imaging unit
(MRN). Thess NMRS measurements detecied o long-
lived tumor pool of 5FU in six of 1] tumors in our
patients including carcinomas in the pelvis, breast,
lung, ond liver. The half-lifs {T')) of this tumer poot of
“trapped”’ SFU was ©.33 to 1.3 hours {20 10 78
minutes), much longer than the T'/; of 5FU in blood (5
te 15 minutes). Neithe: the anabaolites of 5FU [fAueri-
noled nuclecsides, nucisotides, SFU-RNA, or 5FU.

LUORODURACIL (5FU) is a widely used
antitumor drug effective in reducing tumor
size in 15% (o0 20% of patients with carcinomas of
the breast and gastrointestinal tract, and to a
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thymidylcta synthase) nor the colobolites jeg, Auerobe-
taalanine [FBAL]) ware delscioble by ''F NMRS,
Patient responss to chemetherapy appeored 1o torre-
late with the exien) of trapping of free SFU in the
human tumors: in the ssven patients receiving 5FU, or
5FU oc FUAR plus lsucoverin, four of four patients
whose tumon hoppad SFU reaponded to flusrinoled
pyrimidine chemetharapy, whetsns thrss potienhs in
whom there was o foilure to delect lumor tropping
waere resistant o 5FU. We concude that NMRS i
clinically feasible, and anables investigoters te study
5FU pharmocokineiics ond metabelism in tumors in
vive. ""F-NMRS of SFU allows for in vivo evaluotion of
5FU mstabolic medulation and might be abls 10 guide
therapeutic decisions.

J Clin Oncol &:1848-1873. © 1990 by American Soci-
#ty of Clinicol Oncology.

lesser extent in a wide vartety of other tumors,
Despile the fact that it has just passed its third
decade of use since its clinical introduction by
Curreri et al in [958, clinicians are still unable
o predict which patients will respond to the
drug. Further, despite many observations of dif-
ferent methods of modulating SFU metabolism
to effect increased antitumor response, there is no
direct method of assessing the biochemical basis
of modulation in vivo,

We have been using nuciear magnetic reso-
nance spectroscopy (NMRS) to study SFU in
animals and humans, since it is a noninvasive
method for evaluation of drug metabolism.?
Stevens ct al originally showed that '*F-NMRS
¢an detect SFU in the liver of mice,’ work that
was extended 1o the study of SFU melabolism in
the livers* and wumors® of rats (Walker 256) and
rabbits (VX2), as well as that of mice bearing
various tumors.®’ These studies suggested that
significant interspecies differences could be ob-
served in the nature of the "*F products detected.

We concluded* thal the metabolism of 3FU in
the liver of nontumored rabbits correlated with
that observed in the uninvolved livers of patients

1848 . Journol of Clinical Oncology, Yol 8, No 1) (Novembar), 1990: pp 1B48-1873
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receiing SFU. More recent data have suggesied
that the meiabolism of SFU in the VX2 tumor in
rabbits may also correlate with the metabolism
of $FU observed in human temors® It is aiso
important 10 note that when the Walker 256 and
the VX2 wumors were excised and their "F.
NMR spectra measured ex vivo, we observed
significant differences compared with the prod-
ucts observed in vivo.” These differences could be
ascribed 1o a rapid catabolism of fuorinated
RINA and/or the ternary complex of 5FU with
thymidylate synthase {TS) into the nucleosides
andfor free SFU. [tis also of interest that, while
only SFU 15 deteciable in vivo in bumans and in
the rubbit VX2 (umor, anubolites of 5FU are
deleciable in vivo in the Walker 236 experimen-
tal tumor in rais. Such results strongly sugpest
that in vivo observalions may have a superior
accuracy lor the noninvasive pharmacologic mon-
itortng of SFU and therefore avoid Lhe polen-
tially conlounding effecis of enzymatic changes
resulting during the biopsy process. Further, in
vivo NMRS measurements might documeni dy-
namic processes in living sysiems under condi-
tions that could be readily performed in patients.

Qur prior human and animal model studies
documented that SFU uptake and catabolism to
fluorobetaalaning (FBAL) could be evaluated in
eninvolved liver.>* Most recently, we reported
that *F-NMRS could measure 5FU uptake into
and retention by a variety of human cancers in
vivo.®

We have extended those pilot observations and
now repor! on our initial clinical experience with
NMRS in |1 patients. In this report, we charac-
terize the nature of SFU uptake and the discov-
ery of a “trapped” pool of intratumoral 3FLJ,
defined as a pool of SFU whose disappearance
hall-life (T'/) is longer than its TY4 in peripheral
blood. We alse present the initial correlations
between the T'4 of SFLU in tumors and antitumor
response to SFU. This report includes and ex-
tends the analyses in our previously published
abstracts and preliminary publication."

METRODS

Palients were eligible for this study i they had a measur-
able wumor of ai fcast 2 em diameter and had received, were
receiving, or were scheduled to receive SFU, 5-Ruorodeoxyu-
ridine {FUUdR ), or 2 5FU-containing chemotherapy regimen,
Paticnls with clausirophobia wese excluded. The tumor had
to be located in 2 body location witkin 8 em of the skin in an
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area that could be positioned over 2 surface coil or over which
a surface coil could be placed. Voluntary informed consem
was obtained from alt pacients.

Pauent studies were performed by positioning the patient
in a 15T Magnetom {Siemens Medical Systems, Cerriles,
CA}, with the vumor locaied over or beneath s 15 em surface
coil. The patient was positioned s0 that the tumor was
centered in the magnel. An intravenous (1¥) tine was placed
in the patient’s arm, and lollowing proper shimming and
collecrion of 2 background “F-NMR specirum, a bolus
injection of 600 mg/m’ SFU was given 1V, A 10tal of 256 free
induction decays (FIDs) (cither $12 or 1,024 datz poins/
FID) were acguired at 5 kHz spectral widlth with the
radiofrequency putsc oplimized for 4 om depth. st 60.012500
MHz. Apodization of the FIDs was done with a Gaussian
filter maiched 1o the T,» of the data. Series of convecutive
spectra, each coflecied over 2 4.17-minute period, were
obtained during the first hour before drug administration.
The assignment of the peaks was based on their chemical
shifts, using SFU as an exiernal reforence sampie and the 'H
waler peak as the internal veference. Phantoms comtaining
5FU, FBAL, and fluorouridine were used 1o verily chemical
shift positions, and the signal was maximized for a specific
depth; that transmitter voltage was ther used for 3 tumor a2
similar depth. The spectra from the liver, where boih 5FU
and FBAL could be deiccied, further confirmed these assign-
ments.

Al the conciusion of 1 hour, some of the patients were
repositioned 1o acquire lurther specira from the liver, using
the same acquisition conditions. Four to 6 consecutive
S5-minute specira were collected. The IV line was then
semoved and patients returned home.

The peak intensitics of the SFU peak were anslyzed by &
pharmacokinetic computer program, ANALAB,'' assuming
a single-compartmeny drug distribution model. The T'4's of
the intratumoral SFU pools were compared beiween patients,
and with pharmacologic daia from our prior studies.

RESULTS

A stack plot of the "F-NMR specira collecied
over the tumor of patient no. 8, having a cervical
carcinoma involving the presacral space, is shown
in Fig t. The only detectable "*F-NMR signal
has a chemical shift that corresponds 1o SFU. No
other detectable metabolites (eg, anabolites,
cataboliles) were observed, even when all spectra
were summed. The T', of SFU was 41 = 5
minutes in Lhis tumor. At the end of the above
acquisitions, the patient was repositioned with
the surface coil over the liver, and four spectra
were recorded starling at | hour after drug
administration, Only signals due 10 FBAL could
be detected in the liver of that patient, consistent
with our previous observations of the metabolism
of SFU in that organ.?

The results of the "*F spectra collected aver the
tumnors, and the clinical results of all patients are
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minutes,'a value well in agreement and within
the range of the Tt's of 5FU in plasma.? We
had also determined that SFU undergoes a slight
chemical shift in the presence of plasma proteins
{1 ppm), as well as at lower pH values. Because
this paticnt presenied with significant edema
during this first study, we believe that this
second, short-lived peak represented free 5FU in
the ptasma or in the inteestitial Huid.

Despite the absence of NMR-detectable anab-
olites, antitumor partial respanses were observed
with SFU and/or SFU-leucovorin or FUdR-
leucovorin, suggesting that the steady-state con-
centrations of 5-flucro-deoxyuridine monophos-
phate (5FAUMP), 5-Ruorouridine triphosphate
{3FUTP), or 5-fluorodeoxyuridine triphosphate
(which must have been produced in order for
S5FU to exert its cytotoxic effect), are currently
below the limit of in viva NMR. detectability.
Because such products were not observable on
either the singie spectra or on the summed
spectra, one can estimate that their total concen-
tration was less than 10% of that of the 3FU
concentralion present in the tumor,

In order to determine if Jeucovorin was likely
to have altered the accumulation or the T'; of
SFU, patient no. 9 had two NMRS studies
performed (Fig 2). The first study was conducted
while receiving 5FU alone, whereas in the second
study, performed 4 weeks later, Lhis patient also
received leucovarin, In this single patient study,
only SFU was detected in both NMRS studies.
Further, the T'; of 5FU was similar in both
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v 37.5
o
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& =0
-]
[ =4
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& i2.9
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Fig 2. Clearance of SFU based en "F-NMRS spactro of o
colon i lver metcaiesis in patient e, &, (@) Clear-
ancs olona of SFJ 600 mg/m’. The T of SFJ is 209 + 1.7
minutes. (O} Clearonce fallowing leucoverin 500 mg/m' phus
SFU 400 mg/m?.
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Takle 2. Canrelation Batwosn Ttapping of Fres SF) in 1he
Tumes and Potients’ Respense 1o Chemertherapy

. af Mo pt Foman
Trapped 5L Forkal g
Thesapy Pocin Tumor  Repore Rrupomss

¥ 4 _

5FU [ medulmor) N‘; ° )
T Y —_

F thes ch
SFU + other chemotheropy o | )
Yer 3 _
ol

Tot No . .

"One potent received treomment with FUGR rather than 3FLU,
atthough frapgung was detected following administration of SFU.
Sws rext and Toble 1.

studies: 20.9 = |7 minutes after SFU alone, and
22.6 + 1.8 minutes afier SFU plus leucovorin.
Although further studies are needed, these re-
sults, if confirmed, suggest that the effect of
leucovorin on intracetlular SFU trapping is, if
any, very small.

We correiated the antitumor responses seen in
patients with the presence of SFU trapping
(Table 2}. Ten of the 11 patients studied were
assessabie; the other patient died of an intercur-
rent iliness prior to repeat tumor evaluation. In
the seven patients receiving fluoropyrimidines
alone, 5FU plus leucovorin, or FUdR plus levco-
vorin, four patients whose tumors trapped SFU
all had partial responses and three patients whose
tumors failed to detect trapping both had progres-
sion of disease. Although the surface coil placed
over Lhe tumor in patient no. 11 demonstrated
detectable levels of SFU, its clearance T/, (15.5
minutes) is more in the range of blood clearance
values (5 to 15 minutes) than of the tumor Ty's
(20 to 78 minutes) measured in the present study
(Fig 3).

in order 10 determine if 5FU trapping could
correlate with response to FUdR as wel] as 5FU,
patical no. 10 was evaluated before FUAR ther-
apy. This patient had renal adenocarcinoma that
had become resistant to megesirol acetate
(Megace; Bristol-Myers Co, Evansvilie, IN)
based on progressive hilar nodal and pulmonary
metastases.'” F-NMRS showed trapping of SFU
by tumor. The patient was treated with weekly
FUdR and leucovorin and had an 80% partial
response in her measurable hilar nodal metasta-
sis after 3 months. This single result suggests
that SFU trapping might also predict for sensitiv-
ity to chemotherapy with FUdR, but compara-
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Rel.Inkensities

1.2 1.6

Time [in hours)
a

Fg 3. Tumor cleorance of SFU of potients ne_ 11 ond 10,
and blend cleornnca frem onoiher petient (high-pecormance
liquid chromatogrophy). (0) Clecrance of 5FU 600 my/m’
trom patiant ne. 11; T is 15.5 2 1.% minutes: (i} Clearence
of 3FU lom patient ne. 10; T4 s 41.3 z 5.3 minute, (@)
Claarance of SFU frem blood of a patient (EROSY; Ty 9.6
1.4 minutes.

tive studies of SFU-NMRS and FUdR-NMRS
are required.

The results in the three patients who received
combination chemotherapy are more difficult Lo
interprel, since no simple correlation can be
made between 5FU trapping and cytotoxicity.
Nevertheless, the single patient whose carcinoma
of the breast trapped 5FU responded to cyclophos-
phamide, SFU, and doxorubicin. One patient
whose esophageal carcinoma did not accumulate
S5FU showed progressive disease afier SFU and
cisplatin.

The remaining paticnt is of considerabie inter-

_est. Her breast cancer failed to detect 5FU
trapping. However, she had a 95% reduction in
tumor area after SFU, cyclophosphamide, and
menogaril. This suggests that the absence of
detectable tumor trapping of 5FU does not infer
resistance to all chemotherapeutic drugs, and
that perbaps (as would be logical) SFU trapping
is a process that may correlate directly with SFU
responsivenecss,

DISCUSSION

This study suggests that the "F-NMRS tech-
nique may provide in vivo information of signifi-
cance to pharmacologic studies of SFU in cancer
patienis. We believe that this method extends the
current state of the art in cancer pharmacoiogy
by permitting continuous in vivo monitoring of
5FU and its metabolites. In contrast, prior stud-
ics have been constrained by the necessity,

10b31H0
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through tumor biopsy, of oblaining dala at only
one Lime point. Such dala, in addition 1o failing
1o detect the intraiumoral TV, of 5FU, were also
subject to the effects of rapid enzymatic changes
ih the nature of the Nuorinaied products present
in the lissue sampied.

The additional advantage of “real-time™ data,
available immediately at the time of $FU admin-
istralion, might have valvable implications for
real-time clinical decision making during chemo-
therapy. For example, if further studies confirm
preliminary findings that trapping correlates with
antitumor response, palients whaose tumors fail to
cxhibit detectable trapping of SFU might be
considered for other chemotherapy regimens not
including SFU.

The antitumor activity of 5SFU is dependent on
cellular uptake, biochemical conversion into nu-
cleosides and nucleotides, on the covalent bind-
ing of SFAUMP to thymidylale synthase, and on
the incorporation of 5-fluorcuridine into RNA."
The mechanism of celluiar uptake had been
assumed to occur by passive diffusion.'’ How-
ever, several recent studies have sugpesied the
existence of a facilitaled diffusion' or an active
transport process.'”® Since the T', of 5FU in
blood following a bolus injection is only 5 to 15
minutes,'® and that of SFU in those tumors where
it is lrapped ranges from 20 to 78 minutes, one
can conclude that the present resulis are consis-
tent with either a facilitaied difTusion or an active
transport mechanism, but not with a simpie
passive diffusion process, which would reguire
rapid equilibration of the intratumoral SFU and
that of the drug in the blood.

Although "*F-NMRS has shown itself to be a
meaningful tool in detecting, in vivo, SFU and its
melabolites in tumors and in the liver, one
itmitation inherent to this technique is its relalive
insensitivity when compared with biochemical
analysis or positron emission tomography. Qur
inability 1o delect, noninvasively and in vivo,
nucleoside and/or nucleotide pools in tumors
ihat respond to SFU illustrates this limitation. At
present, we estimate that the lower limit of
detection of SFU is approximately .5 mmol/L in
the sensitive volume of the surface coil.

The failure to demonstrate SFU in normal and
neoplasiic tissues in four patients is consistent
with Lhe conclusion that nonneoplastic tissues do
not trap SF1J. These results are also consistent
with our prior studies of the biodistribution and
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imaging of '*F-5FU in animals and in patients in
which the only localization detecied was in tu-
mors and in the excretory organs (liver and
kidneys).'”"" Accumulation and retention of SFU
had been observed in some murine Lumors
(M 5076 and sarcoma 180), but not in Lewis lung
carcinoma, although these authors had not re-
jated this 1o the \rapping phenomenon discussed
in the present study. Our in vivo results confirm a
recent ex vivo report showing long T'y's of 5FU
and SFAUMP in human tumors."®

We have demonstrated lumaor trapping in six
of the 11 patients studied to date. This is most
likely due to cellular pathophysiclogic alterations
associated with the tumor process. However, il
might also be modulated by altered tumor blood
flow or perfusion, either due to pathologic neovas-

1. Curreri A, Ansheld F, Mclver F, et al: Clinical studies
with 5-Puorouracit. Cancer Res 18:478-4B8, 1958

2. Wolf W, Albright MJ, Silver MS, et al: Fluorine-19
NMR spectroscopic studies of the metabolism of 5-Ruoroy-
racil in the fiver of patients undergoing chemotherapy. Magn
Reson imaging, 5:165-169, 1987

3. Stcvens AN, Morris PG, Ties RA, et al: $-fluorouracil
metabolism monitored in vitro by ""F NMR. Br J Cancer
S0:1E3-157, 1984

4. Woll W, Servis KL, EI-Tabtawy A: Comparative nonin-
vasive organ moniloring of drug biodistribulion and metabe-
lism in humans and rodents: F-19 NMR spectroscopic studiea
with S-Auorouracil. Proc 6th Aon Meet Soc Magn Reson
Med 1987, p 587

5. El-Tahtawy A, Johnsan T, Servis KL. &t al: Noninva-
sive F-19 NMR spectroscopy studies of drug wrgeting and
meiabolism in anima! wmor models. J Nucl Med J0:814,
1 989 {(absir)

6. Hull WE, Port R, Osswald H, <t al: In-vivo "F-NMR
study of S-fluorouracil metabolism in liver and implanted
tumars of the mouse. Proc 51b Ann Meet Soc Magn Reson
Med 1986, p 594

7. McShehey PM, Prior MJIW, Griffiths JR: Cell and
tissue levels of fluoronuclectides that are MRS-visiblc tmay
predict S-flucrouracil toxicity. Proc Tih Asn Meet Soc Magn
Reson Med 1988, p 404

8. Presani CA, Wolf W, Servis KL, o1 al! Tumor
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cularization or prior radiotherapy. Previous “F
studies™ had shown that decreased tumor biood
flow resulted in decreased '*F accumulation in
tumors, following administration of "*F-SFU.

Our initial results are consistent with the
hypothesis that SFU trapping correlates well
with SFU antitumar respense, but rigorous iests
of that hypothesis depend on examining the
association belween trapping and response in a
large number of patients with sound statistical
evaluation. A mufticenter trial in the Southwest
Oncology Group is planned to conduct this clini-
cal experiment.
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SOCIETY OF MAGNETIC RESONANCE IN MEDICINE, AUCGUST 1990
OngAN PHARMACOKINETIC MOORLING IN A RAT Tumor Mooui Usiwng 19F MR SrecTrOsCOPIC DATA

. ~Tahtawy, D.Z. D'Argenic and W. Wolf, Radicpharmacy Program and Dept. of
* Bfinodica?hwinurinq, University of Southern Califernia, Los Angeles, CA

In-vivo 19F-NMR spectroscopy (MNMRS)
has allowed us to study noninvasively
the kinetics ef uptake, rstention and
patabolisn of S5-fluorouracil (S¥U) in
a rat (Walker 255) tumor modal. Thasa
data have been used to svaluate and to
astimate the paramstars of variocus
pharmpacokinetic subsystes models for

SFriy. The Jin-vivo NHMRS studies wvera
parforaed using the 4.7 €8I GE
spactroneter at the Huntington

Research Iinstitute. The data wvars than
analyzad using the ADAPT-II program
oparating on a VAX systas. 107 calls
of the Walker 256 adenocarcinoma ware
implanted inte the right thigh of 150
g Sprague Dawlay rats, allowving the

tumor to grow for 7-10 days to a size
of 21-4 cc. After tha rats varas
anssthetlized with Rompan/Ketamine,

they ware placed on an imaging tabls
and the tumor centersd ovar a 1.5 o=
surface coll tuned to 197, centered
ineide the magnet, and tollowing
shimming to a 1H line-width of lass
than 50 Hz, @ belus doss of 1530 ng/Kg
of 5FU was administered by thes IV
route. To acquire the 197 spectra 1880
FID's wearas collected at 20 THzx
spectral width with & pulse [15 usec)
optimized for maximum signal, at
188.360061 Miz. An external sample of
40 umcles of 1,2~4iflucrobenzana wvas
used as an extarnal refersnce standard
for both quantitation and as chemical
shift reference.

We had shown presviously (1,2), that
both SPU and its anabolitss -
fluoroniclectides/sides (IRUC) ATS

naasurable in-vive in this tumor acdel
using NMRS. A key catabolits of 3SFU,
Fluorcobetaalanine (FBAL), was also
cbserved at 1-2  hours post drug
administration. Bacauss avan a
reduced, ll-compartsent conceptual
model of SFU (1) is too complax to
analyze given the sparss data that can
Pe gensrated noninvasively, we hava
begun by testing various subsystem
podals that may represant the fate of
SFU in that tumor. A more detailasd
discussion in given in a concurrent

abstract (3). As an examplas, the
following Tate constants ware
sstimated vhen analyzing two such

nodels using the data from rat A31390:
Rate Constant Modsl 1B Model 2A2

kol 053 0064
ko2 010 . 0082
k21 L0072 0071
k12 - . 0016

These paraseters ware than used in
nodel 2A to estimate the amountas of
5!1'0. FNUC and HMWA presant at various
cimes,

Tine sru NUC HMWA
ST min 65% 278 7.7%
125 ain 14% sy 31t

To begin validating thess mcdals, rats
baaring the Walker 256 adenocarcincma
ware sacrificed at 60 and 130 minutes
post SYU administration, their tumors
sxcised, and the acid-solubie and the
REXA fractions vare collectad and
analyted by 197 MMRS in a Brucker NMR
spectrometer oparating at 340 MHz. The
values obtained veras:

Time sru FNUC HMWA
Rat A 60 ain 63% 5% 1.84%
Rat B 130 min 20% &6% 13%
Rat ¢ 130 =min 17% 62% z21%
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Figure 1: Sslected compartsental
subsyatas models of 5FU metabolisa in
mammalian tumors.

Thase preliminary correlations betwsan
the values estimated in some rats and
the tissue extracts from other rats
APPeAr ancouraging, given that there
is a significant degres of interanimal
variability, and that this first modal
teatad (2A) may not be the beast
reprasantation of the matabelic events
occuring in a given rat’s tumor.
Detailed estimaticns from all models,
as wvell as of more complex models, is
in progress, as wsll as direct
corralations in the same animal.

1) Welr, ., Sarvis, K.L. and
El-Tahtawy, A., Abstracts of the

8th.
SMEN, 411, 1969, Kev York.
2) Wolf, W., Prasant, C.A., Servis
K.L. =t al.,
. 87 '
1990 . 452
3} welt, ¥., El-Tahtawy, A,
D’Argenio, D.I. and Presant C.h.
separats abstract submitted Lo this

neeting,
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Chenistry,

In-vivo *"F-NMR spectroscopy (NMRS)
has been used to study the kinatics of

uptake, retentiorn and metabolisa of
s=-flucrourac:il {5FUy  1n rabbkit (VX2}
and rat (Walker 256} tumors, as
potential models for human tumors. All

in-vive studies were performed 1n a

4.77T ©SI GE spectrometer, and aex~vivo
in a 270 MH2 IBM WP2705Y. A compariscn
cf IV vs. IA delivery of SFU to the

VX2 carcincma in rabblits revealed that
while the amount of initial uptake Dy
the tumer was significantly aenhanced
{3 to B fold), no differences could be
detected in thse kinetics of free SFV
in that tumor, ner did this tumor
model reveal any NMR-detsctable
metabolites. The t..-ax of frae 5FU in
the VX2 tumors rangad frowm 1-2 hrs,
whereas its t..a in the blood of thess
same rabbits was measured at &€-8 min.
Flucronucleotidesside (FNUC) signals
are hovevar detectad ax-vive in theses
VX2 tumors following their excision,
probably due to the hydrolysis of the
WMR-invisible macromcleculsa, with no

subsequent changes, aven after weaks
at 4°C. A trace of FBAL, again not
obsarved in in-vivo, was also
detactable.

A different pattern is obsarved in ths
Walker 25& carcinosarcoma. Not only is

free S5FU sesn in-vive in <that rat
tumor, but alsc a FNUC signal 4.3 ppR
upfield, and fluorobetaalanine (FBAL)

15.6 ppm downfield. On excision of
this tumor, significant hydrolysis of
FNUC to SFU was obsarved, with no
detectable change in the intansity of
the FBAL signal. Thess ““F-NMR spectra
in rat tumors differ significantly
from those observed in rat livers (1}.

The significance of thess results
be analyzed by using a compartasntal
model approach. The abovs results
suggest that the activities of the
enzymes {nvolved in the tumoral
metabolism of S¥0 differ significantly
betwesnn the VX2 and the Walker 25§
tumors. Wnile the rats and degres of

tumcr uptake of SFU appears to be

RRY

primarily dstermined by its local
concentration in the Bblood on
first-passage, the intra-tumoral tuirs
of frew 5F0 would raflect the

competing effacts of the rate lialting

anabolisa of thia drug to its
nucleosides/tides (required for its
subsegqusent incorperation into RNA
and/or thymidilate synthetase}, as
opposad to its diffusion out of the
tumor and/or its catabolism. The full
mechanistic and therapeutic

significance of the intratumoral ta. s
of S5FU would thus depend ©n how this

I0b31b3
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‘'F NMR Spectroscopic Studies of Drug Targeting and Metaoolism
and Rat Tumor Modsls.

wWolfl,
University of Southern California,

Medicine, Augusc [989

Radicpharmacy Program and Department af
Los Angeles, CA

parameter could be correlated to zhess
coppeting metabolic procesess,

It is ;gt interest o nNOte that the
only F-NMR signal that had Dbean
detectad in (some) human tumcrs was
that of free SFU (2}, following IV

administration of this drug. Thus, 1t
heeds to ba determined whether <thae
rabbit (and its VX2 tumor; is a wvalid
animal model for studying targeting
and intra-tumoral metabolism of SFU,
given the apparent similarities
between human and rabbit T F-NMR

spectral patterns in both their livers
and tumors.

Fig.l: Lefr, in vive 19
in YA2Z vumor of rabbic.
following excision.
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Figure 2: Top, in-vive lgF NMR spectra

in Walker-256 tumor in rac, Botron,
Spectra at 0, 3 and 5 hrs. excised.

X.L.

1)y W. wolf, Servis and A,
Zl-Tahtawy, Abstracts of <the sth.
SMRM, 587, 1987, New York.

2y W, Wwolf, C.A. Prasant, M.J.

Albright, et al., Abatracts of the
T4th. RSNA, #209, 1388, Chicage.



$70. Mudidld TUTT IOF aenuhc vapers ana Posters LSNP JEWEY SR, Y
. SOCIETY OF MACNETIC RESONANCE IN MEDICINE
Suth Annual Meebng * New York Hilton Hotel, New York, NY, U'S A+ August 17-21, 1987

[ COMPARATIVE NONINYASIYE ORGAN MOCNITORING OF DRUG BIODISTRIBUTION aND METABOLISM I[N
HUMANS AND RODENTS: F-19 WMR SPECTROSOCOPIC STUDIES WITH 3-FLUNROURACIL.
i

W, Wolf, K.L. Servis and &, El-Tahtawy, Radropharmacy Program and Department of
Chemisrgry, Univers:sty of Sauth=rn Califernia, Low ingeles, CA

CATEGORY In work we presented at SMRN (1)
E last vear, we documented that 1t 1as,
c

5 possible te manitor the metabolism of; .
drugs such as S5-fluorouracil (’?FU) non-*
invasively in patients using 19 NMR: ;
TOPIC NO. spectroscopic methods, Followxngl :
adwiniscration of 600 mg/e” of 3FU, the! -
standard chemcotherapeutic dose, to’ '
patients being treated for sarcomas of,
the head and neck, we documented both:

O3 Oral presentation oniy. that the oanly products that could be: :

o e

3 Prefer orsi presentation detected in their livers were SFU and: '
|  but willing to present 43 fluoro-beta-alenine {FBAL) and that the: '
. power half-lives of the drug catsbolites in- :
3 Poster ondy. their livers differ significantly from! !
* [ Prufer poster bur willing patient tc pactient (che tl/2 of 5FU: :
ot make onl ranged from 15 to over 3C min} (2}, :
: preseniation. While drug anabolism to the asctive’ .
| ‘nuclecaides/tides could not be observed: X
Reguiar Abstract in the liver of tLhese patieuts, suti, )
i DEADLINE: produc;s f‘ould .b‘.' observ:: ;n{;v.)lnors of: !
Received ne later than some ol Lhe patients atudle . - _.
: Apeil 1, 1967 : Wa now wish Lo raport s series ofi !
t Mo propricary inforvation  Comparative studies of SFU metabolism: !
| waybewithheldinyour  in rabbits and rsts, complementing; '
batract of P prior NMRS studies in mice at 1.89 and:
2.4T (4,5,6). While mice had been shown: ey Fine iy e g et oy —
Mail te: to metabolize SFU very rapidly, and: T TR e e T T ™
S.MRM. lesd to both FBAL and 5-flucroureido-: : —— —_—
6th Annual Meeting ‘proplonic acid (FUPA)} in their livers,: !
no FUPA ceould be detected in rabbits in: !
9650 Rockville Pike ‘the present study (at 4.7T)., The mets-. : A major question such studies may
Bethesds, MD 20834 ‘bollsa of 5F0 in rats revesals that, 1n: -be able to help anaver is one of the
.their Iivers, FBAL is agsin the lljorl ‘key problems in phermacology: how to
metabolite, and that smsall, but obser-! 5::;"01':102 up;rinen:al animel wedel
R vable concentrations of FUPA can wslso: ¥ mimic best huzan drug aetabolism.
Work:—bi:lul:cr:pu. be detected. What is interesting i.a; :The present resulta suggesr that non-
i DEADLINE: that & mere signiftcant amount of the: :inusin monitoring of drug metabolism.
anabolite(s) can be observed 1in rat: cah be carried out in & variety of
Reggived no laterthan 1,0y ot seen either in rabbit or: snimsl speciea, and that che rabbit
June 17, 1987 human livers at the doses si\ren. bllt: ‘_SEPQOFS to :: a suitable animal model
. - seen previously in small amounts in the; +that may asliow us to help understand
.S,?,’n:lm‘m;;oﬁ:, liver of mice (5) following ndministra-' ‘the aechenism and the reazsons why
an be sccomunodsied. tion of 130 mg/kg of 5FVU. N .individual patienta may respond
No proprietary information \ idifferently to 5FU chemotherspy.
ey be withheld in your Bolus injection of S5FU to 1'a|:hM:sI "o
tor p and to rats at doses ranging from 30 to° ;13 Wolf, W,, Siiver. M., ¥Weber, H., wt
Mall o 150 mg/Ig also appears to confirm the' sl., Abst. Soc. Mag. Reson. Med. p..

strong dose dependence of the drug's: 653, 1986

5 .M. R.M. Business Office metabolise: thers 1s rapid catabolism.

' lSSI\lltuckSqA.Suih?Di °£ 5?" £ ] FBAL. as detected by th-l 2) Wolf. H'O ‘lhri‘htb HO| silv.r. H..

a—r spectra of the livers of both rabhita- et al,, Mag, Res. Inag. 5, 1987.

é““y-c‘“m and rats, vhen the drug 1s sdwinistered.

o at low dosss (similar to those used in, 3) Welf, W., Albright, M,, Silver, M.

(W) metabolism of the drug appests to be! :
| — signtficantly slowed down whan the dru.. i4) Stevens, A.K., HMorris, P.G., Iles,
' o is administered mt the higher doses to. R.A. et al, Brit.J. Cancer 50, 113,

- control rabbita, thereby confirning. 1984

that in-vive the detoxification anty-o.
system sappears tc be saturable, Figurln
l summarizes the spectrs obtained to.
date in the liver of wice (A:4D l'ilg,.
1.89T), rats (B:i50 mg/kg), rabbitl.

.5) Hull, W.E., Port, R., Ossvald, H,
et al., Abst. Soc. Mag. Reson, Med.:

human chemotherapeutic regimens), Thei i et al., Radiology 161(P), 315, 1986
* p. 59, 1986.

(C:30" ‘wg/Rg: C':150 =9/g), (both at! .6) Wolf, W., Griffiths, J.R., Silver,
4.7T) and humans (D: 600ag/m*, 1.5T). E : T‘;s;t al. J. Nucl. Med. 27, 737,:

1 1 T Fluorouracil ’ ="

2 f- : Please type or print cearly the name and complets mailing address of the lirst auther.
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CERTIPICATION REGARDING DEBARMENT, BUSPENSION, AND
OTHEER RESPONSIBILITY MATTERS -~ PRIMARY COVERED TRANSACTIONS

1. The prospective primary participant certifies to the best
of its xnowledge and belief, that it and its principals:

a. Are not presently debarred, suspended, proposed for
debarment, declared ineligible, or voluntarily excluded from
covered transactions by any Federal department or agency:

b. Have not within a three-year periocd preceding this
proposal been convicted of or had a civil judgment rendered
against them for commission of fraud or a criminal offense in
connection with obtaining, attempting to obtain, or performing
a public (Federal, State or local) transaction or contract
under a public transaction; violation of Federal or State
anti-trust statutes or commissicn of embezzlement, theft,
forgery, bribery, falsification or destruction of records,
making false statements, or receiving stolen property;

c. Are not presently indicted for or otherwise criminally
or civilly charged by a governmental entity (Federal, State
or local) with commission of any of the offenses enumerated
in paragraph 1.b. of this certification; and

d. Have not within a three-year period preceding this
application/proposal had one or more public transactions
(Federal, State or local) terminated for cause or default.

2. Where the prospective primary participant is unable to
certify to any of the statements in this certification, such

prospective participant shall attach an explanation to this
proposal.

lniversity af Sonrhern Califernig
Organization Name Award Number

Cornelius 1. Pings, Sr. Vice President for Academic Affaire and Prawaar .
Name and Title of Authorized Representative

G:-wlﬂud(} i&w-cm W/ ialqe

Signature J / pate '

{See Reverse)
USDOE-ORO (7/9%0)
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Instructions for Certiflcation

1. By signing and submitt?ng lhis_propo;al.
the prospective primary participant is provid-
ing the certification set out below.

2. The inability of a person to provide the

certification required below .w’lll not neces-
sarily result in denial of participation In gh':s
covered transaction, The prospective partici-
pant shall submit an explanation of why it
cannot provide the certification set out below,
The certification or explanation will be con-
sidered in connection with the department or
agency's determination whether to enter 1nto
this transaction. However, failure of_ the
prospective primary participant to furnish a
certification or an expianation shall d:_squahf y
such person from participation in this trans-
action.

3. The certification in this clause is‘ a
material representation of fact upon which
reliance was placed when the depargment or
agency determined to enter into this trans-
action. If it is later determined that the
prospective primary participaqt_ knpwmg!y
rendered an erroneous certification, In
addition to other remedies available to the
Federal Government, the department or
agency may terminate this transaction for
cause or default.

4. The prospective primary pgrticipanl shall
provide immediate written notice to the de-
partment or agency to whom this proposal is
submitted if at any time the prospective pri-
mary participant learns that its certification
was erronepus when submitted or has been
erroneous by reason of changed circumstances,

5. The terms "covered transaction,” "debar-

red,” “"suspended,” “ineligible,” “lower tier
covered transaction,” "participant,” "per;.on,"
*primary covered transaction,” “principal,”
"proposal,” and "voluntarily excluded,” as used
in this clause, have the meanings set out in the
Definitions and Coverage sections of the rules
implementing Executive Order 12549. You
may contact the department or agency to
which this proposal is being submitted for
assistance in obtaining a copy of those
regulations. :

6. The prospective primary participant

16b31b1

agrees by submitting this proposa! that, should
the proposed covered transaction be entered
into, 1t shall not knowingly enter into any
lower tier covered transaction with a person
who is debarred, suspended, declared ineli-
gible, or voluntarily excluded from partici-
pation in this covered transaction, unless
authorized by the department or agency enter-
ing into this transaction,

7. The prospective primary participant fur-
ther agrees by submitting this proposal that it
will include the clause titled “Certification
Regarding Debarment, Suspension, Ineligi-
bility and Voluntary Exclusion - Lower Tier
Covered Transaction,” provided by the depart-
ment or agency entering into this covered
transaction, without modification, in all lower
tier covered transactions and in ail solicitations
for lower tier covered transactions.

8. A participant in a covered transaction
may rely upon a certification of a prospective
participant in a lower tier covered transaction
that it is not debarred, suspended, ineligible,
or voluntarily excluded from the covered
transaction, upless it knows that the certifi-
cation is erroneous, A participant may decide
the method and frequency by which it deter~
mines the eligibility of its principals. Each
participant may, but is not required to, check
the Nonprocurement List (Telephone No.
{financial assistance administrator}).

9. Nothing contained in the foregoing shall
be construed 1o require establishment of a sys-
tem of records in order to render in good faith
the certification required by this clause. The
knowledge and information of a participant is
not required 10 exceed that which is normally

possessed by a prudeat person in the ordinary
course of business dealings.

10. Except for transactions authorized under
paragraph 6 of these instructions, if a partici-
paant in a covered transaction knowingly enters
into a lower tier covered transaction with a
person who is suspended, debarred, ineligible,
or voluntarily excluded from participation in
this transaction, in addition to other remedies
available to the Federal Government, the de-
partment or agency may terminate this trans-
action for cause or default.
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CERTIFICATION REGARDING LOBBYING

This certification is required by Section 319 of Public Law 101-12] and the OMB
Governmentwide Guidance for New Restrictions on Lobbying; Interim Final Guid-
ance, as published in the Federal Register on December 20, 1989,

NOTE: Based on OMB guidance dated March 23, 1999, and Civilian Agency Council Letter No. 90-04 dated
April 4, 1990, this certification applies only to the instant transaction and not to 2}) transactions.

Certification for Contracts, Gran oans, and Cooperative Agree

The undersigned certifies, to the best of his or her knowledge and belief,
that:

a. No Federal appropriated funds have been paid or will be paid, by or
on behalf of the undersigned, to any person for influencing or attempting to
influence an officer or employee of any agency, a Member of Congress, an offi-
cer or employee of Congress, or an employee of a Member of Congress in connec-
tion with the awarding of any Federal contract, the making of any Federal grant,
the making of any Federal loan, the entering into of any cooperative agreement,
and the extension, continuation, renewal, amendment, or modification of any Fed-
eral contract, grant, loan, or cooperative agreement.

b, If any funds other than Federal appropriated funds have been paid
or will be paid to any person for influencing or attempting to influence an of-
ficer or employee of any agency, a Member of Congress, an officer or employee
of Congress, or an employee of a Member of Congress in connection with this
Federal contract, grant, Joan, or cooperative agreement, the undersigned shall
complete and submit Standard Form-LlL, "Disclosure Form to Report Lobbying," in
accordance with its instructions.

¢. The undersigned shall require that the language of this certification
be included in the award documents for all subawards at all tiers {including sub-
contracts, subgrants, and contracts under grants, loans, and cooperative agree-
ments) and that all subrecipients shall certify and disclose accordingly.

This certification is a material representation of fact upon which reliance
was placed when this transaction was made or entered into. Submission of this
certification is a prerequisite for making or entering into this transaction
imposed by section 1352, title 31, U.S. Code. Any person who fails to file the
required certification shall be subject to a civil penalty of not less than
$10,000 and not more than $100,000 for each such failure.

University of Southern California
Organization Name Award Number
Vi resident for Academic Affairs and Provost
Name and Title of Authorized Representative '
4. A2 Ww/1a lae
Signature v [ Ddte

USDOE-ORO (7/90) PCDFA-085
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Place of Performance: The applicant shall insert in the space provided below the site(s) for the

pcrformance of work done in connection with the speafic grant: (street address, city, county,
state, zip code)

University of Southern California
(Radiologv (Division of Bagsic Medical Imaging Sciences)

1985 Zonal Avenue

Los Angeles, CA 90033

An applicant who is an individual certifies that, as a condition of the grant, he or she will not
engage in the unlawful manufacture, distribution, dispensing, possession, or use of a
controlied substance in conducting any activity with the grant.

This assurance is given in connecion with any and all financial assistance from the
Department of Energy after the date this form is signed. This includes payments after such
date for financial assistance approved before such date. The applicant recognizes and agrees
that any such assistance will be extended in reliance on the representations and agreements
made in this assurance, and the United States shall have the right to seek judicial enforcement
of this assurance. This assurance is binding on the applicant, its successors, transferees, and

assignees, and on the authorized official (or individual applicant, as appropnate) whose
signature appears below.

University of Southern Califormia
Organization Name Award Nurmnber

Cornelius J. Pings, Senior Vice President for Academic
of Authorized Representahve Affairs and Provost

pd-'"‘-fﬂ—/ 1/ 14 | ay

) | Signature
Date

Name and Titde

32
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CERTIFPICATION REGARDING DEBARMENT, SUSBPENBION, AND
OTHER RESPONSIBILITY MATTERE - PRIMARY COVERED TRANSACTIONS

1. The prospective primary participant certifies to the best
of its knowledge and belief, that it and its principals:

a. Are not presently debarred, suspended, propcsed for
debarment, declared ineligible, or veoluntarily excluded from
covered transactions by any Federal department or agency:

b. Have not within a three-year period preceding this
proposal been convicted of or had a civil judgment rendered
against them for commission of fraud or a criminal offense in
connection with ocbtaining, attempting to obtain, or performing
a public (Federal, State or local) transaction or contract
under a public transaction:; viclation of Federal or State
anti-trust statutes or commission of embezzlement, theft,
forgery, bribery, falsification or destruction of records,
making false statements, or receiving stolen property:

c. Are not presently indicted for or otherwise criminally
or civilly charged by a governmental entity (Federal, State
or local) with commission of any of the cffenses enumerated
in paragraph 1.b. of this certification; and

d. Have not within a three-year period preceding this
application/proposal had one or more public transactions
(Federal, State or local) terminated for cause or default.

2. Where the prospective primary participant is unable to
certify to any of the statements in this certification, such
prospective participant shall attach an explanation to this
proposal.

UMDNJ -~ New Jersey Medical School
Organization Name Award Number

Dr. Carol Welt, Assistant Dean for Research and Sponsored Programs
Name and Title of Authorized Representative

Q&\BJ(\QJJ_ 12-10-9p

Signature Date

(See Reverse)

USDOQE~ORQ (7/90) 27 PCDFA~0A3



Faculty Curriculum Vitae:
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Raghbir Athwal,
Harvey Ozer,
Jeffrey Wilusz,
Michael Small,
Frank Desposito,

Burton Fine,

Ph.D.

M.D.

Ph.D,
Ph.D.

M.D.
M.D.
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. Raghbir S. Athwal P,
Raghbir S, Athwat

Education
Year
Institution and Location Conferred Field of Study
Experience:

1985-Present  Associate Professor, Department of Microbiology and Molecular Genetics,
New Jersey Medical Schoo!

1978-1985 Assistant Professor, Department of Microbiology and Molecular Genetics,
New Jersey Medical Schoo!l

1973-1978 Research Associate, Laboratory of Biochemistry, National Cancer Institute,
NIH

1971-1973 Postdoctoral Fellow, Division of Human Genetics, Dept. of Pediatrics

Howard, University Medical School.
Publications: (5 most recent references [57 total]

1. Sidhuy, M.S, and R.5, Athwal DNA Fingerprinting of human chromosomes by Alu-
PCR (Manuscript in Preparation for PNAS)

2. Gudi, R., 5.5. Sandhu and R.S. Athwal {1990} Kinetochore identification in micronuclei
in mouse bone marrow erythrocytes: An assay for the detection of Aneuploidy inducing
agents. Mutation Res. 234:263-2638.

3. Kaur, G.P. and R.S. Athwal (198%) Complementation of DNA repair defect in
Xeroderma Pigmentosum cells: by transfer of human chromosome 9. Proc. Natl. Acad.
Sci. U.S.A,, 86:8872-8876. '

4, Vig, B.K. and R.S. Athwal (1989) Seguence of centromere separation: Separation in a
quasi-stable mouse/human somatic cell hybrid. Chromosoma, 38:167-173.

5. Gudi, R., S.5. Sandhu and R.S, Athwal (1989) A genetic method to quantitate induced
chromosome breaks using a mouse/human monochromosomal hybrid cell line:
Identification of potential clastogenic agents. Mutation Res. 225:149-156.

6. Sandhu, S.5.,, R. Gudi and R.S. Athwal (1988) A genetic assay for aneuploidy:
Quantitation of chromosome loss using a mouse/human monochromosomal hybrid cell
line. Mutation Research, 201:423-430Q.

7. Athwal, R.S., M. Smarsh, B.M, Searle and 5.5. Deo (1985) Integration of a dominant
selectable marker into human chromosomes and transfer of marked chromosomes to
mouse cells by microcell fusion. Somatic Cell and Mol. Genet. 11:2:177-187,

8. Dhar, V., B.M, Searle and R.S. Athwa! (1984) Transfer of Chinese hamster chromosome

I to mouse cells and regional assignment of 7 Genes: A combination of gene transfer and
microcell fusion. Somatic Celi and Mol. Genet. 10:547-559.

10631712



Raghbir S. Athwal P.3

Name Birthdate
Harvey L. Ozer _
Year
institution and Location Degree Conferred Field of Study

Experience:

1960-63 Fellow, Department of Genetics, Stanford Medical School {Imrunogenetics,
Somatic Cell Genetics)

1964 Visiting Scientist, Inst. Tumor Biology, Karolinska Institute, Stockholm,
Sweden (G. Kiein)

1 9366-69 Research Associate and Post-doctoral Feltow, NIAID, NIH

1969-72 Senior Staff Feliow, Laboratory of Biochemistry, NCI, NIH, Independent
Investigator

1975 Visiting Scientist in the laboratory of Dr. E. Winocour, Department of
Virology, Weizmann Institute, Israel

1972-77 Senior Scientist, Worcester Foundation for Experimental Blology,
Shrewsbury, MA

1977-88 Professor of Biclogical Sciences and Biochemistry, Department of
Biological Sciences, Hunter College, CUNY, New York, NY

1983-88 Thomas Hunter Professor of Science and Mathematics, Hunter
College/CUNY

1983-88 American Cancer Society Scholar and Visiting Professosr, Department of
Molecular Biology and Genetics, Johns Hopkins School of Medicine,
Baltimore, MD

1986-338 Program Coordinator, Center for Gene Structure and Function, Hunter
College

1988- Professor and Chairman, Dept. of Microbiology and Molecular Genetics,

UMDNI3-New Jersey Medical School, Newark, NJ
Publications: (5 most recent references {57 total] )

l. Dermady, 1.]., Lawlor, K., Du, H., Wojcik, B., Jha, K.K., Malkas, L., Hickey, R,,
Baril, £., and H.L. Ozer (1983) Poiyoma virus DNA synthems in vitro: Studies
with CHO 373, and their 1sDNA mutants. Cancer Cells 6:95-100.

2. Kiein, C.E., Ozer, H.L., Traganos, F., Atzpodien, J. Doettgen, H.F., and L.J. Old
(1988) A transformation-associated 130kD cell surface giycoprotein is growth
regulated in normal human cells. J. Exp. Med. !67:1684-1696.

3. Dermody, 1.3, Lawlor K., Malkas, L., Du, H., Orlian, M., Wojcik, B., Jha, K.K. and
H.L. Ozer (1988) Mammalian Cell mutants ts in DNA synthems. Current
Communications in Molecular Biology: Cell Cycle Controil in Eukaryotes, pp 100-
105.

4. Radna, R.L., Caton, Y., Jha, K.K., Kaplan, P., Li, G,, Traganos, F., and H.L.
Ozer (1989) Growth of immortal SV40 tsA-transformed human fibroblasts is
temperature~dependent. Mol. Cell. Biol. 9:3093-3096.

5. Wojcik, B.E., Dermody, 1.J., Qzer, H.L., Mun, B., and Mathews, C.K. (1990}
Temperature-sensitive DNA mutant of Chinese hamsier ovary cells with a
thermolabile ribonucleotide reductase activity. Mol. Cell, Biol. 10:5688-5699.

10631173
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Raghbir 5. Athwal P.I,
Jeffrey Wilusz, Ph.D.

EMPLOYMENT EXPERIENCE

8/1/89 to present Assistant Professor of Microbiclogy & Mol. Genetics
UMDNJ - New Jersey Medical School
Newark, New Jersey 07103

9/85 to B8/89 Postdoctoral Fellow
Princeton University, Princeton, NJ 08544
Advisor: Thomas Shenk, Ph.D.

SCHCLARSHIPS /JHONORS /FELLOWSHIPS

John Zdanewicz Scholarship 1977-1978

Award in Animal Science 1980

Dean’s List, Cook College 1977-1981

Graduated with Highest Honors 1981

James B. DuKe Graduate Fellowship 1981-1982

Departmental Merit Scholarship 1981-1985

National Science Foundation Graduate Fellowship 1982-198S5
American Cancer Society Postdoctoral Fellowship 1986-1988
Howard Hughes Medical Institute Research Asscociate 1989

SELECTED PUBLICATIONS

Wilusz, J., Kurilla, M.G. and Keene, J.D. (1983). Proc. Natl. Acad. Sci.
USA 80: 5827-5831.

Wilusz, J. and Keene, J.D. (1984). Virology 135: 65-73.
Wilusz,J., Youngner, J.S. and Keene, J.D. (1984). Virology 140: 249-256.

Kiley, M.P.,, Wilusz, J., McCormick, J.B. and Keene, J.D. (1986). Virology
149:; 251-254.

Wilusz, J. and Keene, J.D. (1986). J. Biocl. Chem. 261: 5467~5472.

Wilusz, J. and Shenk, T. (1988). Cell 52: 221-228.

Wilusz, J., Feig, D.I. and Shenk, T. (1988). Mol. Cell. Biol. 8: 4477-
4483.

Wilusz, J., Pettine, 5.M. and Shenk, T. (1989). Nucleic Acids Res. 17:
3899-3908.

W@lusz, J., Shenk, T., Takagaki, Y. and Manley, J.L. {1990). Mol. Cell.
Biol. 10: 1244-1248.

Wilusz, J. and Shenk, T. (1990). Mol. Cell. Biol. 10: 6397-6407.
Takagaki, Y., Manley, J.L., MacDonald, C.C., Wilusz, J. and Shenk, T.

(1990} . CstF is a multisubunit factor required for polyadenylation of
mammalian pre-mRNAs. Genes Dev., in press.

RILENE
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Raghbir S. Athwal P.1

Michael Barry Small

Education:

Previous Employment and Experience:

9774-8/76 Senior Honors Research/Research Assistant, Department of Biochemistry,
State University of New York at Stony Brook (Dr. Masayor: Inouye,
advisor)

9/77-8778 Research Assistant, Department of Biological Sciences, Hunter College of
the City University of New York

9778-2/84 Doctoral Student in Biochemistry, Department of Biological Sciences,
Hunter College of the City University of New York (Dr. Harvey L. Ozer,
thesis advisor)

Identification of celiular transforming genes in chemically-transformed
mouse fibroblasts by DNA-mediated gene transfer; analysis of the
transformed phenotype by somatic cell hybridization; transformation of
diploid human fibroblasts.

3/84-12/87  Postdoctoral research fellow, G.W. Hooper Foundation, University of
California, San Francisco (Dr. J. Michael Bishop, sponsor)

1/88-6/89 Assistant Research Virologist, G.W. Hooper Foundation, University of
California, San Francisco

Anti-sense RNA inhibition of HSV thymidine kinase expression in mouse
cells; analysis of the transforming activity of human N-myc and ¢-myc by
DNA transfection and retroviral infection; construction and screening of a
mouse cDNA library for differentially-expressed genes in myc-transformed
rodent cells.

7/89-Present  Assistant Professor, Department of Microbiology and Molecular Genetics,
UMDNI-New Jersey Medical School

Publications:

Small, M.B., Hay, N., Schwab, M., and Bishop, J.M. (1987) Neoplastic Transformation
by the Human Gene N-myc. Molecular and Cellular Biology 7: 1638-1645

Kothari, N. and Small, M.B. Dominant-negative reversion of ¢c-myc transformation by a
mutant c-myc allele. (manuscript in preparation)

Smatl, M.B., Hubbard-Smith, K., and Pardinas, J.R. Telomere Length in Normal and
SV40-Transformed Human Fibroblasts (manuscript in preparation)

F0b3115
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Raghbir 5. Athwal P.1.

NAME: ‘ Franklin Desposito, MD

CURRENT POSITION: Acting Chairman, Department of Pediatrics
UMDNJ-New Jersey Medical School
Newark, New Jersey
Professor of Pediatrics
Director, Division of Human Genetics

POSTGRADUATE TRAINING:

1957-58 Rotating Intern, Long Island Jewish Medical Center, NY

1958-61 Pediatric Resideny/Chief Resident, Long Island Jewish

1961-63 Fellow, Pediatric Hematology, U of Wisconsin Medical
School, Madison, WI

PROFESSIONAL APPOINTMENTS:

1971-89 Assoc. Prof. of Pediatrics, UMDNJ-NJ Medical School
1981~ Director, Division of Human Genetics, UMDNJ~NJMS
1988~ Professcor of Pediatrics, UMDNJI-NJIMS

1990- Acting Chairman, Dept. cof Pediatrics, UMDNJ-NJMS
1990~ Pediatrician-in-Chief, Children’s Hospital of NJ, Newark
CERTIFICATION:
1964 Am. Bd, of Pediatrics. Recertified 1986
1974 Am. Bd. of Pediatric Hematology/Oncology. Recertified 1986
1982 Am. Bd. of Medical Genetics~Clinical Genetics
PUBLICATIONS:
1. Shih, LY, Suslak, L, Rosin, I, Searle, BM & Desposito, F: "Gene

dosage studies supporting the localization of the structural gene
for galactose-l-phosphate uridyl transferase (GALT) to Band p1l3

of chromosome 9." Am_J Med Genet, 19:539-543, 1984.

2. Suslak, L, Price, D & Desposite, F: "Transmitting balanced trans-
location information among family members." Am J Med Genet,
20:227-232, 1985.

3. Lieber, €, Bordiuk, J, Desposito, F: "46,XY¥/46XX blood chimerism

with severe central nervous system defect and multiple congenital
malformation." Am J Med Genet, 23:833-836, 1986.

4. McCormack, MK, Stone, N, Despesito, F, Boehme, CD, Kazazian, HH,
Jones, RT: "Normal production of the mutant hemoglobin in
heterozygotes for hemoglobin J Paris and B-thalassemia."
Hemoglobin, 10:427-432, 1986.

5. Suslak, L, Desposito, F: "Infant with cleft lip/cleft palate.™
Pediatr Rev, 9:331-334, 1988.
6. Shih, 1LY, Kurer, HM, Chen, TH, Desposito, F: "Strain differences

galactokinase level and susceptability to the teratogenic efect
of dietary galactose in mice." Teratology, 38:175-179, 1988.

1063176
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Raghbir 5. Athwal P.1.

BURTON P. FINE

EDUCATION:

PREVIOUS EMPLOYMENT AND EXPERIENCE:

1968 - 1969 Albert Einstein Med. Center, New York, NY
Instructor

1969 - 1973 University of Medicine & Dentistry of New Jersey
Assistant Professor of Pediatrics

1973 - 1990 Untversity of Medicine & Dentistry New Jersey
Associate’ Professor of Pediatrics

1990 - Present Professor of Pediatrics

PUBLICATIONS: (last 3 vears)

Hatori, N., Fine, B.P., Nakamura, A., Cragoe, Ir., E. and Aviv, A: Angiotensin II effect on
cytosolic pH in cultured rat vascular smooth muscle cells. J. Biol. Chem. 1987,
262:5073-5078.

K hailil, F., Fine, B., Kurivama, S., Hatori, N., Nakamura, A., Nakamura, M. and Aviv, A
Increased atrial natriuretic factor receptor density in cultured vascular smooth muscle
cells of the spontaneously hypertensive rat. Clin. Exp. Hyperten. 1987, 9:741-752.

Fine, B.P., Ty, A., Lestrange, N., Maher, E. and Levine, O.R.: Diuretic-induced growth failure
in rats and its reversal by sodium repletion. J. ¢f Pharmacol. & Exp. Therap. 1587,
242:85-85.

Fine, B.P., Ty, A., Lestrange, N. and Levine, O.R.: Sodium deprivation growth failure in the
rat. Alterations in tissue compeosition and fluid spaces. J. Nurr. 1987, 117:1623-1628.

Kuriyama, S., Nakamura, A., Hopp, L., Fine, B.P.,, Kino, M., Cragoe, Jr., E. and Aviv, A.
Angiotensin II effect on 22Na+ transport in vascular smooth muscle cells. J. Cardiovasc.
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OMB Contol No
{10-86)

U.S. Depaniment of Energy

Assurance of Compilance

Nondiscrimination In Federally Assisted Programs

Universitv of Southern California (Hersinaher called the "Applican!’’) HEREBY AGREES to
comply with Tille V1 of the Civil Rights Act of 1964 (Pub. L. 88-352), Section 16 of the Federal Energy Administration Act of
1974 (Pub. L. 83-275), Section 401 of the Energy Reorganizalion Act ol 1974 [Pub. L. 93-438), Title IX of the Education
Amanginents of 1972, as amended, {Pub. L. 92.318, Pub. L. 33-568, and Pub. L. 94482), Section 504 of the Rehabilitation
Act ol 1973 (Pub. L. 93-112), the Age Discrimination Act of 1975 (Pub. L, 94135}, Title Vil of the Civil Rights Act of 1968
(Pub. L. 90-284), the Department of Energy Organization Act of 1977 (Pub. L. 95-81), and the Energy Conservalion and Pro-
gduction Act of 1876, as amended, (Pub. L. 94-385). In accordance with the above laws and reguiations issued pursuant
thereto, the Applicant agrees to assure that no perscn in the United Stales shall, on the ground of race, color, national
ongin, sex, age. of handicap, be exciuded from participation in, be denied the benefits of, or be otherwise subjected to

discnimination under any program or activity in which the Applicant receives Federal assistance from the Depanment of
Energy.

Applicabillty and
Period of Obligation

In the case of any service, financial aid, covered employment, squipment, property, or structure provided, leased, or improv.
ed with Federal assistance extended 0 the Appiicant by the Department of Energy, this assurance obligates the Applicant
for the period during which Federal assistance is exiended. in the case of any transfer of such service, financial aid, squip-
ment, property, or siructure, this assurance obiigates the transieree for the period during which Federal assistance is ex-
tended. If any personal property is so provided, this assurance gbligates the Appiicant for the period during which it retains
ownership or possession of the property. In all other cases. this assurance obiigates the Applicant lor the period during
which the Federal assistance is extended to the Applicant by the Depantmant al Energy.

Employment Practices

Where a primary objective of the Federal assistance is 10 provide employment or where the Applicant’s smpioyment prac-
lices atfect the delivery of services in programs or activities resulting from Federal assistance extended by the Department,
the Applicant agrees not 1o discriminate on the ground of race, e¢olor, national origin, sex, age, or handicap, in its ampioy-
ment practices. Such employment practices may inciude, but are not limited to, recruitment, recruitment advertising, hiring,

layo! or termination. promotion, demotion, transler, rates of pay, training and panicipation in upward mobility prograrms: or
other forms of compensation and use of facilities.

Subrecipient Assurance

The Applicant shall require any individual, organization, or other entity with whom it subcontracts, subgrants, or subleases
for the purpose of providing any service, financial aid, equipment, property, or structure to comply with laws cited above. To
this end, the subrecipient shali be required 10 sign a written assurance lorm, however, the obligation of both recipient and
subrécipient 1o ensure compliance is not relieved by the coliection or submission of written assurance forms.

Data Collection and
Access {0 Hecords

The Applicant agrees to compile and maintain information pertaining to programs or activities daveloped as a result of the
Applicant’'s receipt of Federal assistance {rom the Department of Energy. Such information shall include, but ts no? limited
to.the following: (1) the manner in which services are or will be provided and ralated data necessary for determining whether

t0b3118



ary persons are or will be dened such sorvices on the baxs of prohibited discrimination; (2) the popu!ation ’Ilgibh to be
served by race. colo{, national orgin, sex. age and handicap: (3) data regarding covered smpioyment including use os
planned use of bilingual public contact empioyees serving beneficianes of the program where necessary to permit sffective
parucipation by beneficianes unable to speak or understand English; (4} the location of exisling or p(OpO?Qd tacilities con-
nectec with the program and reiated inlormation acequate for determining whether the location has or will have the etlect of
unnecesanly denying access [0 any person on the basts of prohibiied discrsmmano_n; (5} the present or proposed member.
ship by race, color, hational ongwn, sex, age and handicag, in any planming of advisory body which is an nn:ogral pan of the
program: and {B) any addilional written data dstermmeq by the Depanmanl_ ol Enargy o be retevant 1o is obligation to
assure comptiance by recipients with laws cied in the first paragraph of this assurance.

Tne Applicant agrees to submil requesled data 1o the Depanment of Energy regarding programs and activities developed by
the Appiicant from the use of Federal assisiance funds extended by the Depanment of Energy. Facilities o! the Applicant
{inciuding the physical plants, bulgings, or other siructures} and all records, books, accounts, and other sources of informa-
non pertinent 10 the Applicant’'s compliance with the civil rights laws shall be made available for inspection during normai
pusiness hours on request of an officer or employee of the Depanment of Energy specifically authorized to make such in-
spections. Instructions in this regard will be providged by the Diractor, Otfice o! Equal Oppontunity, U.S. Department of
Ensrgy.

This assurance is given in consideration of and for the purpose of obtaining any and all Federal grants, loans, contracts
{excluding procurement conracts), property, discounts or other Federal assistance exlended after the date hereto, to the
Applicants by the Department ol Energy, inctuding instailment payments on account after such data of application for
Federal assistance which are approved before such date. The Applicant recognizes and agrees that such Federa! assistance
will be extended in reliance upon the representations and agreements made in this assurance and the the United Siates
shall have the right lo seek judicial enforcement of this assurance. This assurancs in binding on the Applicant, its suc-

cessors, transtareas, and assignees, as well as the person whose signature appears below and who is authorized to sign
this assurance on behall ol the Applicant.

\,}_) 1G l q6 University of Southern Califormia
7~ (Chate) Department of Contracts & Grants
Health Sciences Campus Office
{Name ol Applicant)
1975 Zonal Avenue, KAM B 34

Los Angeles, CA 90033

(Address) Vo :
Cornelius J. Pings G)—‘Dm_@@ag Q .
v :

(Authonzed Otficial)

(213) 342-2396
{Applicant's Telephone Number)

18631119
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