Tumor-Targeting Potential of Radioiodinated
Iododeoxyuridine in Bladder Cancer

Annick D. Van den Abbeele, Ronald F. Tutrone, Robert M. Berman, Janina Baranowska-Kortylewicz, Paul D. Barclay,

Jerome P. Richie, S. James Adelstein and Amin I. Kassis

Department of Radiology (Nuclear Medicine) and Division of Urology, Harvard Medical School, Boston, Massachusetts

Since bladder cancer arises in the superficial lining of the urothelium,
it is a likely candidate for site-directed administration of 5-iodo-2'-

deoxyuridine radiolabeled with the Auger electron emitter '23 or '25|
(lUdR). Methods: We instilled *IUdR for 2 hr directly within the
bladder lumen of rats bearing N-methyl-N-nitrosourea (NMU)-in-
duced bladder cancer and conducted scintigraphic, biodistribution
and autoradiography (ARG) studies 48 hr and 1 wk later. Control
animals were not subjected to the carcinogen but were instilled with
*IUdR. Results: Two groups of animals were identified after instilla-
tion of MNU: Group A consisted of rats with hyperplasia and Group
B of rats with papillary carcinoma (stages Ta and T1). Scintigraphic
detection of carcinomas was achieved with high sensitivity and
specificity, and increased tumor-to-normal tissue ratios were ob-
tained in both groups. Moreover, ARG demonstrated that (1) the
uptake of *IUdR was observed in the hyperplastic and carcinoma-
tous urothelium but not in the normal urothelium; (2) uptake was
detected at a very early stage of tumor development (hyperplasia
stage); (3) *IUdR was able to penetrate deep within the bladder wall;
and (4) other normal dividing tissues, such as the bone marrow, the
small intestine and the large intestine, were free of silver grains (i.e.,
no DNA-incorporated *IUdR). Conclusion: Since this camier of
Auger electron emitters has antineoplastic effects [*2*llUdR and
['**NIUdR) in addition to its scintigraphic potential [*2°IlUdR and
["*'MIUdR), it holds promise for therapy and early diagnosis of
bladder cancer.
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Cancer of the bladder is the fifth leading cause of cancer
mortality in the United States (/); an estimated 52,300 new
cases of bladder cancer occurred in 1993 (2). This is largely a
disease of the elderly, with a peak prevalence between 60 and
70 yr of age (2,3). Most patients (74%) present with superficial
localized tumors that arise from the transitional epithelium,
about 90% of which are transitional cell carcinomas (/,2,4).
Cytologic examination and cystoscopy play a critical role in the
early diagnosis and evaluation of bladder cancer (/) as well as
in its follow-up. Although endoscopic treatment is usually
feasible in cases of superficial tumors, the major problem stems
from the high frequency of recurrence (up to 75%) within 6 to
12 mo after initial treatment, thus requiring serial re-evaluation
and close follow-up (/,4). Intravesical chemotherapy with
thiotepa, doxorubicin, mitomycin C or bacillus Calmette-
Guerin has been shown to lower the recurrence rate and extend
the disease-free interval (/). Since patients with positive cytol-
ogy after endoscopic treatment may not present macroscopic
changes for some time (5,6), they are at high risk for tumor
invasion and subsequent distant metastases (/). There is a need
for a better understanding of the intrinsic biologic behavior of
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each individual tumor to identify increased risk for progression/
recurrence and to allow tallormg of the therapeutic regimen (3).

The radionuclides '*’I and '*I, both commercially available,
are prolific emitters of Auger electrons. The radiotherapeutic
effectiveness of these radionuclides following DNA incorpora-
tion through the thymidine analog S5-iodo-2' -deoxyundme

(['PIJIUAR and ['**I]IUdR) has already been demonstrated in
vivo in an experimental murine ascites tumor model of ovarian
origin after intraperitoneal injection (7-9), in a murine intrac-
erebral 9L solid gliosarcoma tumor after intracranial injection
(10) and in a murine meningeal carcinomatosis model after
intrathecal infusion (/7). These findings suggest that IUdR
radiolabeled with an Auger electron emitter (*IUdR) may be an
efficient therapeutic agent for the treatment of cancers that are
accessible to direct intralesional or intracavitary delivery of the
radiopharmaceutical. In addmon, when IUdR is radiolabeled
with the gamma-ray-emitting '2*I and administered locoregion-
ally into animals bearing intraperitioneal or intracranial tumors,
this radiopharmaceutical has proved to be a very sensitive agent
for the detection of experimental tumors by scintigraphy (9,12).

The rationale behind the potential use of *IUdR in the
diagnosis and therapy of bladder cancer rests on the following
arguments. Since this cancer arises in the superficial lining of
the bladder wall which is accessible via catheterization, and
neoplastic cells are actively dividing while normal urothelium is
essentially quiescent [for example, the labeling index using
3HTdR for papillary and sessile carcinoma 11.16%, range
0.70%—32.5%, while that for normal urothelium 0.13%, range
0.00%—0.40% (13)], we hypothesized that the intravesical
delivery of the thymidine analog IUdR would result in its
incorporation into the proliferating cells, but not normal tissue.
Since IUdR can be labeled with a gamma-emitting radionuclide,
the visualization of these tumors via scintigraphy would be
possible. Finally, autoradiography would demonstrate the DNA
incorporation and targeting specificity and, therefore, the ther-
apeutic potential of *IUdR.

To test our hypothesis, we instilled *IUdR directly within the
bladder lumen of rats bearing chemically-induced bladder
cancer and conducted scintigraphic, biodistribution, and auto-
radiographic studies 48 hr and 1 wk later. Control animals were
not subjected to the carcinogen but were injected by the same
route with identical amounts of *IUdR.

MATERIALS AND METHODS

Tumor Model

The carcinogen N-methyl-N-nitrosourea (MNU), which is
known to induce transitional cell carcinoma of the bladder, was
instilled directly into the bladder lumen of 4-5-wk-old female
Fisher 344 rats (20 animals) by bladder catheterization using a
22-gauge angiocatheter (1.5 mg/0.15 ml saline intravesically, every
other week for a total of four doses) (/4). Drinking water was
supplemented with a combination of trimethoprim-sulfamethoxas-
ole, neomycin sulfate and polymixin B. Twelve to sixteen wk after
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the last MNU infusion, the bladder was catheterized and emptied
and a mixture of ['*IJIUdR and [“'IJIUR (~6-11 MBq
['**IJIUdR [~170-300 uCi] and ~11 MBq ["*'I]IUdR [~300
wCi]) was administered through the catheter in a 100- or 200-pul
volume and left in place for 2 hr. The bladder contents were then
withdrawn and the bladder was rinsed several times with normal
saline (5 X 1-ml wash). Nontumor-bearing control rats (16
animals) were given identical amounts of ['2°I/'"*'I]IUdR by the
same route. The drinking water of all animals was supplemented
with potassium iodide (0.1% KI) from 48 to 72 hr prior to the
administration of the radiopharmaceutical up to the time of
sacrifice at 48 hr (n = 12 tumor-bearing and 12 control) or 1 wk
(n = 8 tumor-bearing and 4 controls) after instillation of *IUdR.

Synthesis of 5-['*'1/'?[}lodo-2’-deoxyuridine (*IUdR)

lodine-125 (specific activity 81.4 TBg/mmole) and iodine-131
(specific activity 96.9 GBg/mmole) were purchased from Du Pont
NEN Research Products (Boston, MA), and Amersham Corpora-
tion, (Arlington Heights, IL), respectively. No-carrier-added ['?°I/
BJIUdR was synthesized as described previously (/5) and
purified on a C4 reverse phase HPLC column. The radiochemical
purity of the product was >99% as determined by HPLC.
Scintigraphy

Planar scintigraphic images were obtained with a GE Camstar
gamma camera (GE, Milwaukee, WI) 4 hr and 3 and 7 days after
instillation of ["*'IJIUdR (gamma camera equipped with an ME
collimator, anterior views, 256 X 256 matrix, 20% window, 5-min
acquisition, 2.0 magnification). A 5-min acquisition time was used
at the 4-hr time point, and the number of counts for that time period
was measured. On Day 3 and Day 7, the same number of counts
were acquired. We opted to use ['*'I]JIUdR in these studies because
of its longer half-life compared with ['>*I]JIUdR (8 days versus 13.2
hr) which permits imaging at later time points.
Pathology and Biodistribution

Pathology and biodistribution studies were performed 48 hr and
1 wk after instillation of *IUdR. Both control and MNU-treated
bladders were rinsed with normal saline and fixed in situ with 10%
buffered formaldehyde. To quantitate the in vivo distribution of the
radiopharmaceutical (percent injected dose per gram of tissue,
%ID/g) and to derive the tumor-to-normal tissue ratios, various
organs and tissues of interest—bladder, kidneys, uterus, ovaries,
skin, muscle, stomach, small intestine, large intestine, spleen, liver,
heart, lungs, bone and thyroid—were excised, rinsed in normal
saline, blotted dry, weighed, and their radioactive content was
determined in a gamma counter along with that of urine, stomach
contents, blood and bone marrow. The small and large intestines
were quickly frozen in isopentane and liquid nitrogen. Bone
marrow smears were fixed in 100% methanol. The bladders were
then embedded in paraffin, sectioned, stained with hematoxylin
and eosin, and examined for pathology.

Autoradiography (ARG)

The actual specificity of targeting of DNA-incorporated
['**IIUdR was determined by microautoradiography. The distri-
bution of grains was assessed over the entire section and compared
with the histopathology findings. The bladder, frozen tissues and
bone marrow smears obtained from the biodistribution studies were
sectioned (5-7 um thickness), fixed (except for the bladder
sections already fixed in vivo) and processed for ARG.

The tissue sections and bone marrow slides were coated with
NTB2 emulsion (Kodak, Rochester, NY) and stored desiccated at
4°C in light-tight boxes. After various times of emulsion exposure
(up to 4 mo), the autoradiography slides were developed for 3 min
in D-19 developer (Kodak) and fixed for 5 min in D-11 fixer
(Kodak). Finally, the tissue sections were washed in distilled water,

316

Day 3
FIGURE 1. Scintigraphic images obtained in normal rats (A) and tumor-
bearing rats (B) 3 and 7 days after intravesical administration of ['*'lIUdR
(BL = bladder).

stained with hematoxylin and eosin, dehydrated, cleared and
mounted in Permount. Bone marrow slides were stained with
Giemsa stain. All slides were examined under light microscopy.

RESULTS

Scintigraphy

Planar scintigraphic images (Fig. 1), obtained over a 1-wk
period after intravesical administration of ['>'IJIUdR, demon-
strated the virtual absence of activity in normal animals on the
third day, while the only visible area of activity in the
tumor-bearing animals was over the region of the bladder.
These types of images persisted on the seventh day after
injection.
Pathology and Biodistribution

Examination of the animal bladders subjected to the carcin-
ogen MNU revealed two stages of the disease: one group of
animals with hyperplastic changes (Group A, n = 7) and one
with papillary carcinomatous changes of the urothelium (Group
B, n = 10). Both groups had superficial disease limited to the
mucosa and the submucosa (stages Ta [n = 8] and T1 [n = 2]
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FIGURE 2. Percent injected dose per gram of bladder (mean * s.d.) 48 hr
after intravesical administration of ['2°[]lUdR as function of pathology (t-test:
*p = 0.001; ™p = 0.0005).

of the American Joint Committee [AJC] system). Several
animals also presented additional squamous metaplasia. Ani-
mals with no evidence of tumor (n = 3) were excluded, as were
those with active infection (n = 2), because uptake of *IUdR by
proliferating bacteria spuriously elevated the radioactive con-
tent of the bladder. These animals also frequently developed
stones and calcifying and/or ossifying fibrosis of the bladder
wall.

The 48-hr biodistribution data (Fig. 2) indicated a significant
difference in the %ID/g in the bladder of tumor-bearing animals
(hyperplasia [Group A]: p = 0.001; papillary carcinoma [Group
B]: p = 0.0005) compared to the control group. The %ID/g was
0.012 = 0.008 for Group A and 0.021 * 0.014 for Group B
versus 0.0009 = 0.001 for the control.

At the time of the biodistribution studies, it was noted that all
tumor-bearing animals had evidence of bilateral hydronephrosis
and megaureters with wide communication between the bladder
and the ureters. This complication, which seldom occurs in
bladder cancer patients, contributed to the systemic distribution
of the radiopharmaceutical (0.02517% = 0.04070% and
0.0009% =* 0.00097 %ID/g blood at 48 hr and 8 days,
respectively). In the control group, on the other hand, most of
the intravesical *IUdR solution remained within the bladder and
permeation to the systemic circulation was very low (0.00054%
*+ 0.00046% and 0.0001% = 0.0 %ID/g blood at 48 hr and 8
days, respectively), limited to normal diffusion and/or effects of
possible minimal trauma to the bladder wall secondary to the
catheterization procedure. In order to obtain a better assessment
of the expectations in humans where the delivery of the
radiopharmaceutical would be well controlled and confined to
the bladder, we expressed the target-to-nontarget ratios as the
quotient of the activity observed in the bladder of the tumor-
bearing animals to that of the normal tissues of the control
animals. These ratios (Fig. 3) are all above 1 ranging in the
hyperplasia group from 2 (bone) to 43 (muscle), the bladder
being 12, and in the papillary carcinoma group from 4 (bone) to
93 (muscle), the bladder being 26.

The 1-wk biodistribution data (Fig. 4) indicated a significant
difference in the %ID/g in the bladder of animals with hyper-
plasia (Group A: p = 0.002) but not in the papillary carcinoma
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FIGURE 3. Tumor-to-normal tissue ratios 48 hr after intravesical administra-
tion of ["?*IUdR (BO = bone, BM = bone marrow, BD = blood, SI = small
intestine, LI = large intestine, SP = spleen, LV = liver, MU = muscle).

group (Group B: p = 0.104) compared to the control group. The
%ID/g was 0.0011 *= 0.00025 for Group A and 0.0052 *
0.0048 for Group B versus 0.00013 * 0.00013 for the control
group. This may be due to the wider variation observed within
groups at that time and to the fact that, within 1-wk, a
significant shedding of the papillary carcinomatous urothelium
may have taken place, thereby eliminating a significant portion
of cells that had taken up *IUdR. The activity quotient observed
in the bladder of Group A to that of the normal tissues of the
control animals (Fig. 5) were all above one, ranging from 5
(small intestine) to 26 (liver), the bladder being 12, and in
Group B from 29 (small intestine) to 148 (liver), the bladder
being 66.
Autoradiography

Autoradiography confirmed the biodistribution data, demon-
strating uptake of *IUdR by the tumor at early stages of tumor
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FIGURE 4. Percent injected dose per gram of bladder (mean * s.d.) 1 wk
after intravesical administration of ['25[lUdR as function of pathology (t-test:
*p = 0.002).
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FIGURE 5. Tumor-to-nomal tissue ratios 1 week after intravesical admin-
istration of ['?lUdR (BO = bone, BM = bone marrow, BD = blood, S| =
small intestine, LI = large intestine, SP = spleen, LV = liver, MU = muscle).

development [i.e., the hyperplasia stage (Fig. 6A) and the
superficial disease stage of papillary carcinoma (Fig. 6B)],
while the normal urothelium (Fig. 6D) was generally free of
silver grains. In some tumor-bearing animals, labeling of a few
seemingly normal urothelial cells was observed; the DNA
incorporation by abnormal urothelium, however, was always
significantly higher and control animals did not show uptake in
the urothelium. Uptake was also observed in the basal layer of
squamous metaplasia and in bacteria when active infection was
present (these latter animals were excluded from the study).
Animals with infection/inflammation demonstrated the poten-
tial for *IUdR to penetrate deep within the bladder wall since
incorporation in inflammatory cells and newly formed capillary
endothelial cells was seen deep within the stroma (Fig. 6C).
Normal tissue sections developed serially over time (up to 4 mo
of exposure) did not show the presence of silver grains
associated with actively dividing normal epithelia, such as
small (Fig. 7A) and large intestine (Fig. 7B). Of particular
interest for therapeutic purposes, bone marrow smears (Fig. 7C)

FIGURE 6. Autoradiographic images of
thin (56 um) sections obtained from
bladders of tumor-bearing rats following
intravesical administration of ['25lUdR
for 2 hr show uptake in areas of hyper-
plasia (A [x 600]; 4-mo exposure) and
papillary carcinoma (B [x 600]; 4-mo ex-
posure) and in infection with inflammatory
cells within stroma (C [x 600, dark field;
2-mo exposure). Normal urothelium (D [X
600]; 4-mo exposure) is free of silver
grains.
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FIGURE 7. Autoradiographic im-
ages of thin (5-6 um) sections of
large intestine (A [X 600]; 2-mo ex-
posure) and of bone marmow smears
(B [x 600}; 4-mo exposure) of tumor-

rats intravesical ad-
ministration of ['?*lUdR for 2 hr,
showing absence of silver grains, i.e.,
no DNA-incorporated activity.

were also free of cell-associated silver grains indicating that
stem cells did not incorporate *IUdR into their DNA.

DISCUSSION

5-lodo-2'-deoxyuridine is a thymidine (TdR) analog that
behaves remarkably like TdR, with efficient and specific
incorporation into the DNA of dividing cells during the DNA
synthetic (S) phase of the cell cycle (/6,/7). Most of the
DNA-incorporated IUdR is retained for the life of the cell or its
progeny (/8-21). In contrast, unincorporated IUdR is rapidly
catabolized and/or dehalogenated (22,23); its half-life in circu-
lation is very short—less than 5 min in man and 7 min in mice
(20,22). None of the major catabolic products are incorporated
into nuclear DNA.

The Auger electron emitters '2*I and !> have been shown to
be relatively innocuous when situated outside the nucleus
(24-26), affixed to the cell membrane (27), or positioned
extracellularly (27,25,26). On the other hand, when localized
within the nucleus following DNA incorporation, *IUdR has
demonstrated considerable toxicity in various normal and tumor
mammalian cell lines in vitro (21,24-31) as well as therapeutic
efficacy in vivo in a murine ovarian tumor (7-9), a rat brain
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tumor (/0), and a rat intrathecal tumor (/1) following its
site-directed delivery. Our experience and that of others with
this and several other Auger electron emitters have reiterated
the dependence of Auger-electron-emitting toxicity on the
intranuclear DNA localization of the radionuclide (27,24-36).

In addition to Auger electrons, '2’I also emits gamma rays
suitable for gamma camera imaging. Since unincorporated
IUdR is rapidly catabolized and eliminated (22,23), the result-
ing background activity is low, an ideal situation for imaging
purposes. Furthermore, the high specific activity of this radio-
nuclide (~8,500 TBg/mmole) will allow acquisition of images
at early time points after administration, even when only a small
amount of IUdR becomes incorporated. Experience with *IUdR
in various animal [murine ovarian tumor (9), rat brain tumor
(12)] and human [colon adenocarcinoma (37), bladder tumor
(38)] cancers has confirmed that when *IUdR is delivered
locoregionally, tumors can be visualized with optimal target-
to-background ratios. Thus, the diagnostic potential of
['ZI1]IUdR in cancer can also be envisioned.

The clinical application of all therapeutic/diagnostic agents
including IUdR requires high target-to-nontarget ratios for
therapy as well as for imaging since normal tissues containing
proliferating cells, such as the bone marrow or intestinal
mucosa, are frequently dose-limiting. Because of its short
half-life in circulation, the use of *IUdR requires tumors that
are accessible to intralesional, intracavitary or intra-arterial
administration to bypass the rapid and extensive dehalogenation
and degradation, maximize uptake by the tumor and minimize
the toxicity to normal dividing tissues.

Bladder cancer, which arises in the superficial lining of the
urothelium and has a high frequency of recurrence (with
macroscopic changes often absent despite positive cytology, as
frequently occurs with carcinoma in situ), is a tumor for which
direct delivery to the target can be implemented via intravesical
administration of *IUdR. This route of administration provides
a well controlled delivery system which not only prevents rapid
systemic dispersal of the radiopharmaceutical, but also allows
tumor cells to be exposed for appropriate time intervals to
precise concentrations of *IUdR. This is a situation which is
particularly desirable since *IUdR uptake is proportional to the
exposure period as well as to its extracellular concentration
(21,26). Finally, the well controlled delivery system and the
low molecular weight will also aid in reducing instances of
antibody responses to IUdR, thus facilitating repeated admin-
istration. Current therapy for carcinoma in situ and recurrent
superficial papillary bladder tumors consists of intravesical
administration of chemotherapeutic agents, such as bacillus
Calmette-Guerin (BCG), thiotepa, mitomycin C and adriamycin
(39). All of these agents carry the inherent risk of systemic
illness and in some cases mortality (40). *IUdR offers a similar
route of administration and the potential for far less adverse
effects.

As outlined by Shaw and Mulshine (47), the evaluation of
any new diagnostic or therapeutic cancer technique would
require that, in addition to demonstrating high sensitivity and
specificity, the uptake of the agent should: (a) reflect and be
proportional to the state of differentiation and tumor burden, (b)
be distinctive even in patients with small tumor volume and (c)
reflect a change in the state or mass of tumor in response to
therapy. Our results include several observations that fulfill
these prerequisites and suggest the feasibility of diagnostic
and/or therapeutic applications of *IUdR in human bladder
cancer after intravesical administration. First, scintigraphic
detection of bladder tumors was achieved with high sensitivity
and specificity. Second, favorable tumor-to-normal tissue ratios

were obtained. Third, *IUdR uptake was demonstrated at an
early stage of tumor development (Ta or hyperplasia stage),
while the radiopharmaceutical was not incorporated into the
normal urothelium. Fourth, only a small fraction of the admin-
istered dose (<0.002%) appeared in the circulation in tumor-
bearing rats and none of the normal dividing tissues, such as
intestine or bone marrow, showed any *IUdR uptake. Finally,
radiopharmaceutical uptake was observed in inflammatory cells
and in neovasculature deep within the stroma demonstrating the
ability of *IUdR to penetrate the bladder wall and therefore
potentially target deep-seated cancer cells. It is also possible
that following IUdR incorporation, such inflammatory cells
may have migrated from more superficial layers to layers
deeper within the bladder wall.

The ability to define the presence and degree of tumor
aggressiveness permits one to assess the intrinsic biologic
characteristics of the tumor, and thus allows prediction of the
natural history of the disease on an individual basis by provid-
ing detection at an early stage, as well as identification of the
patient population at increased risk of progression/recurrence.
In addition, since these studies can be performed on the same
patient over the course of his or her follow-up, longitudinal
analysis can be conducted. Moreover, tailoring of the therapeu-
tic regimen on an individual basis will become feasible.

CONCLUSION

We found that *IUdR injected intravesically was specifically
incorporated into the DNA of tumor cells and not into that of
the actively dividing epithelia of distant normal tissues exam-
ined or the bone marrow, resulting in high target-to-nontarget
ratios. Additionally, after intravesical administration *IUdR
uptake was observed at an early stage of tumor development
deep within the bladder wall, suggesting that this radiopharma-
ceutical agent may therefore be useful for the diagnosis of
tumor at various stages. As this tracer is selective for prolifer-
ating cells, it may also promote a better understanding of the
intrinsic characteristics of the tumor and define its degree of
aggressiveness as well as its response to various therapeutic
modalities. Since DNA-incorporated, Auger-electron-emitting
radionuclides have already been shown to be strongly antineo-
plastic, ['2I/'*’I]IUdR could become an integral part of the
therapeutic regimen of bladder cancer.
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Feasibility of Fluorine-18-Fluorophenylalanine for
Tumor Imaging Compared with Carbon-11-L-Methionine

Kazuo Kubota, Kiichi Ishiwata, Roko Kubota, Susumu Yamada, Jutaro Takahashi, Yoshinao Abe, Hiroshi Fukuda

and Tatsuo Ido

Department of Nuclear Medicine and Radiology, Institute of Development, Aging and Cancer and Cyclotron and Radioisotope
Center, Tohoku University, Sendai, Japan; and Tokyo Metropolitan Institute for Gerontology, Tokyo, Japan

L-[methyi-''C]methionine (‘'C-Met) is a useful tracer for tumor
imaging with PET. The drawbacks include a short half-life and high
physiological accumulation in abdominal organs. To overcome
these shortfalls, the feasible use of ['®Fjfluorophenylalanine (8F-
Phe), which shares the same amino acid transport system with Met,
for tumor imaging was examined. Methods: The time course of
tissue distribution of '8F-Phe and the tumor uptake response to
radiotherapy were compared with '“C-Met and [PH] thymidine
(®H-Thd) in the rat AH109A tumor mode!. Intratumoral distribution of
8F.Phe was compared with '*C-Met and '“C-Thd using double-
tracer macroautoradiography (ARG). We also evaluated whole-body
ARG. Results: Tumor uptake of '8F-Phe peaked at 60 min postin-
jection and was higher than that of the liver, intestine and kidney but
lower than the pancreas. Tumor uptake of '8F-Phe was similar to
that of '“C-Met. Tumor-to-blood and tumor-to-muscle ratios were
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higher in *C-Met compared with that of '®F-Phe because of the
rapid blood clearance of '“C-Met. With whole-body ARG, the tumor
was clearly visualized with high contrast. Radiotherapeutic response
of tumor uptake of '8F-Phe was as rapid as that with '*C-Met and
with 3H-Thd. Intratumoral distribution of 8F-Phe and '“C-Met were
identical, and '®F-Phe and '“C-Thd were similar. Conclusion:
Fluorine-18-Phe seems to be a potentially useful amino acid tracer
for tumor imaging with a longer half-life than ''C, with higher tumor
contrast in the abdomen than Met and a similar sensitive response
to radiotherapy.

Key Words: fluorine-18-fluorophenylalanine; autoradiography; car-
bon-11-methionine; PET; fluorine-18-FDG
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A glucose analog, '8F-2-fluoro-2-deoxy-D-glucose (FDG),
and an essential amino acid tracer, L-[methyl-''C]methionine
("'C-Met), have been used for tumor imaging with PET.
Carbon-11-Met is useful for the diagnosis of the brain (1), head
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