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Abstract Purpose: The purpose of this investigation was
to evaluate the effectiveness of oral 5-(phenylthio)acy-
clouridine (PTAU) in reducing 5-fluorouracil (FUra)
host-toxicity and enhancing its chemotherapeutic effi-
cacy against human colon tumors. PTAU is a potent
and specific inhibitor of uridine phosphorylase (Urd-
Pase, EC 2.4.2.3), the enzyme responsible for uridine
catabolism. Methods: SCID mice bearing human colon
DLD-1 or HCT-15 tumors were injected intraperitone-
ally with FUra (50, 200 or 300 mg/kg) on days 17, 24
and 31 after tumor cell inoculation. PTAU (120 mg/kg),
uridine (1,320 mg/kg) or their combination was admin-
istered orally 2 or 4 h after FUra injection. Another four
administrations of PTAU + uridine were given every
8 h after the first treatment with PTAU plus uridine.
Survival and body weight were used to evaluate host
toxicity. Tumor weight was used to evaluate the efficacy
of the drugs on tumor growth. The mice were monitored
for 38 days. Results: Administration of the maximum
tolerated dose (50 mg/kg) of FUra reduced DLD-1 and
HCT-15 tumor weights by 48 and 59%, respectively, at
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day 38 post implantation. Administration of 200 mg/kg
FUra resulted in 100% mortality. Oral administration of
uridine (1,320 mg/kg) alone, 2 h following the adminis-
tration of 200 mg/kg FUra, did not alleviate FUra host-
toxicity as all the mice died. Administration of 120 mg/
kg PTAUresulted in partial rescue from this lethal dose
of FUra as 63% of mice survived and tumor weights
were reduced by approximately 60%. Coadministration
of PTAU plus uridine resulted in complete rescue from
the toxicity of FUra as 100% of the mice survived and
tumor weights were reduced by 81-82%. Delaying the
administration of the combination of PTAU plus uri-
dine to 4 h post FUra treatment was less effective in
rescuing from FUra toxicity as only 88% of the mice
survived and tumor weights were reduced by only 62%.
Administration of PTAU alone, under the same condi-
tions, resulted in a 38% survival rate while the tumor
weights were reduced by 47%. Treatment with uridine
alone did not protect from FUra toxicity at the dose of
200 mg/kg as all mice died. At the higher dose of
300 mg/kg FUra, neither uridine nor PTAU alone,
administered 2 h following the treatment with FUra,
had any rescuing effect. On the other hand, the use of the
PTAU plus uridine combination reduced the tumor
weight by 79%, although this reduction in the tumor
weight was accompanied by 37% mortality. There was
no significant difference between DLD-1 and HCT-15 in
their response to the different regimens employed in this
study despite the fact that the tumors have different
levels of UrdPase. Conclusions: The present results
demonstrate that the combination of PTAU plus uridine
represents an exceptionally efficient method in increasing
FUra chemotherapeutic efficacy while minimizing its
host-toxicity. The efficiency of the PTAU plus uridine
combination can be attributed to the extraordinary
effectiveness of this combinationin raising and main-
taining higher levels of uridine in vivo (Al Safarjalani
et al., Cancer Chemo Pharmacol 55:541-551, 2005).
Therefore, the combination of PTAU plus uridine can



provide a better substitute for the large doses of uridine
necessary to rescue or protect from FUra host-toxicities,
without the toxic side-effects associated with such doses
of uridine. This combination may also allow for the
escalation of FUra doses for better chemotherapeutic
efficacy against human colon carcinoma while avoiding
FUra host-toxicities. Alternatively, the combination of
PTAU and uridine may be useful as an antidote in the
few cases when cancer patients receive a lethal overdose
of FUra.
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Abbreviations Fura: 5-Fluorouracil - HPMC:
Hydroxypropylmethylcellulose - MTD: Maximum
tolerated dose - PTAU: 5-(Phenylthio)acyclouridine -
UrdPase: Uridine phosphorylase [EC 2.4.2.3]

Introduction

5-Fluorouracil (FUra) was developed in 1957. Never-
theless, it still remains among the few “‘standard” drugs
effective against several human solid tumors including
colorectal, breast, and head and neck cancers [1-3]. In
fact, it is the second most utilized drug for the treatment
of cancer. The longevity and endurance of FUra in
cancer chemotherapy is nothing less than spectacular
when considering the long history of extensive research
to develop alternative or better drugs. FUra is also un-
ique in that it is the only anti-cancer drug on the market
that shows synergism with most other anti-cancer agents
in combination therapy. In addition, the drug is effective
against cancers refractory to other treatments. Over the
past 40 years, an increased understanding of the mech-
anism of action of FUra has led to the development of
strategies that improved its anticancer activity. Despite
these advances, one of the major limitations of using
FUra has been the inability to increase its dose, for
better efficacy against the tumors due to host-toxicity
[1-3]. Nonetheless, the chemotherapeutic merits of FUra
have prompted an effort to develop biochemical modu-
lators of FUra toxicity to enhance its therapeutic index
rather than searching for alternatives to FUra. There is
also interest in, and a need for, modulators which would
protect the intestinal mucosa and allow the oral
administration of FUra rather than the usual i.v. route
used in the clinic. Biochemical modulation involves
different formulations of FUra or combinations of FUra
with another drug and/or a natural compound that may
modify FUra toxicity.

The natural nucleoside uridine is one of the most
promising biochemical modulators of FUra efficacy and
host toxicity. It was demonstrated that the administra-
tion of uridine rescued and/or protected from FUra-
host-toxicity without impairment of FUra antitumor
activity [4-9]. In preclinical studies, it was shown that by
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using delayed uridine treatment, the LDsy of a single
dose of FUra in mice can be made completely tolerable
and that the maximum tolerated dose of FUra can be
doubled or tripled [8]. Furthermore, animals treated
with FUra plus uridine showed less depression of WBC
and hematologic toxicity, as well as a faster recovery
than animals receiving FUra alone [4-10]. The combi-
nation resulted in a superior antitumor effect and al-
lowed for the increase of the FUra dose from 100 to
250-300 mg/kg [9]. In patients, infusion of uridine al-
lowed the increase of FUra doses from 500 to 750 mg/
m? [10] and alleviated bone marrow toxicity associated
with FUra [11]. Similarly, delayed oral uridine admin-
istration to patients treated with high-dose 5-FU in
combination with methotrexate and leucovorin, per-
mitted a 33 and 45% increase in the MTD of FUra in
the presence or absence, of doxorubicin, respectively.
This treatment also rescued from FUra-induced hema-
tologic toxicity without adverse impact on tumor re-
sponse [12]. Nonetheless, the application of these
regimens in patients is still limited [10, 11, 13-15]. To
attain and sustain the high uridine concentration
(75 pM) required to safely increase the chemothera-
peutic doses of FUra, it is necessary to administer uri-
dine in high doses (10-12 g/m?) due to its rapid
degradation and short half life. In addition, such high
doses of uridine produced dose-limiting effects including
phlebitis, pyrogenic reaction, diarrhea, cellulitis, and
vena cava syndrome [13-19]. These side effects of high
doses of uridine are not induced by uridine per se but by
the accumulation of its catabolites [17, 18]. Therefore,
alternative approaches to maintain uridine concentra-
tions at the levels required to enhance the FUra che-
motherapeutic effect must be sought.

Uridine is maintained in rigorous homeostasis at a
concentration of 1-5 uM in the plasma of various spe-
cies. However, the turnover of plasma uridine is rapid
and efficient with a half life of approximately 2 min [20,
21]. This rapid and efficient turnover of plasma uridine
results from the fact that more than 90% of the circu-
lating uridine is catabolized in a single pass through the
liver by the activity of hepatic uridine phosphorylase
(UrdPase EC 2.4.2.3), while constant amounts of uridine
are synthesized de novo and released into the hepatic
vein blood [21-23]. Less than 2% of the uridine
metabolized by the liver is salvaged and recovered in the
uracil nucleotide pool in tissues of whole animals [23], in
perfused rat liver [21, 22, 24], or isolated liver cells [25].
The remainder is rapidly catabolized to products beyond
uracil in the pyrimidine catabolic pathway [25, 26].

One approach to maintain a high uridine concentra-
tion over a prolonged period is the use of prodrugs of
uridine (e.g. 2’,3",4’-triacetyluridine or PN401 [27, 28])
which are somewhat resistant to catabolism by UrdPase.
Although they are better than uridine, such prodrugs
also suffer from rapid degradation [27-29]. Hence, high
doses must still be administered [4, 27-31] making it
impractical to use alone in the clinic. Another approach
to increase uridine bioavailability is the use of UrdPase
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inhibitors to block the rapid catabolism of uridine.
Several studies have shown that UrdPase inhibitors
prevent the catabolism of uridine and subsequently in-
crease plasma uridine concentration [4, 18, 26, 32-41]
and the salvage of uridine by various tissues [20, 24].
Inhibition of uridine catabolism also prevents the toxic
side effects of uridine catabolites associated with high
doses of uridine [18]. This modulation of uridine
metabolism by UrdPase inhibitors was successfully used
to mimic the effect of high doses of exogenous uridine in
enhancing the antitumor efficacy of FUra [4, 33, 36, 39,
42], without the clinical limitations associated with high
doses of uridine [13-19]. However, available UrdPase
inhibitors lack the required potencies, kinetic properties,
and metabolic stability needed to elevate uridine con-
centration to the required levels to antagonize FUra
host-toxicity [43].

We have designed and developed 5-(Phenylthio)acy-
clouridine (PTAU) as a highly specific and potent
inhibitor of UrdPase [43-46]. PTAU has 100% oral
bioavailability and a prolonged plasma half life of 2.1 h
which ensures the inhibition of uridine catabolism. In-
deed, when combined with uridine for oral administra-
tion, PTAU increased uridine plasma levels by 55-fold
(from 1.8 to 105 uM) which is far above the 75 uM re-
quired to protect from FUra toxicity. Furthermore,
PTAU has no apparent toxicity when given to animals
at much higher doses than those needed to increase
uridine levels [43-46]. Finally, the relatively higher
lipophilicity of PTAU could improve its access to the
liver and intestine. The liver and intestine are the main
organs involved in uridine catabolism [21-25, 40]. This
property could be significant in the likelihood of the
design of an oral formulation of PTAU in combination
with FUra. These excellent properties of PTAU make it
a more convenient modulator of plasma uridine than the
other available UrdPase inhibitors or the toxic doses of
exogenous uridine required in cancer chemotherapy.
However, PTAU was never tested as a modulator of
FUra efficacy. Therefore, in this report we tested the
effect and time of administration of oral PTAU alone or
in combination with uridine on the host toxicity and
chemotherapeutic efficacy of FUra in SCID mice bear-
ing DLD-1 or HCT-15 human colon tumor xenografts.
These two lines were chosen because DLD-1 has normal
levels of UrdPase activity (561422 pmol/min/mg pro-
tein) [47]. HCT-15 has a lower UrdPase activity
(371 £26 pmol/min/mg protein) [47] and to ensure that
the results are not particular to one type of tumor.
Furthermore, these two cell lines have been used exten-
sively for antitumor drug screening in vitro and in vivo.

Materials and methods
Chemicals

Hydroxypropylmethylcellulose (HPMC) and other
chemicals were purchased from Sigma Chemical

Company (St. Louis, MO, USA). PTAU was synthe-
sized as previously described [46].

Mice

Male SCID mice (18-22 g) were obtained from Fredrick
Cancer Research (Fredrick, MD) and housed 5/cage with
water and food ad libitum under a normal light cycle
(light, 0600-1800 hour; dark, 1800-0600 hour) accord-
ing to an institutionally approved animal protocol.

Cell line

DLD-1 and HCT-15 were obtained from American
Type Culture Collection, Rockville, MD, USA. DLD-
1 and HCT-15 cells are human colon adenocarcino-
mas. These are two epithelial cell lines that are het-
erogencous and produce moderately to poorly
differentiated adenocarcinomas when inoculated sub-
cutaneously into nude mice. The two cell lines were
maintained at 37°C in growth medium (RPMI 1640
medium with 2 mM L-glutamine modified to contain
10 mM HEPES, 1 mM sodium pyruvate, 4.5 g/l glu-
cose, 1.5 g/l bicarbonate and supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin) in
plastic tissue culture flasks (75 cm?) in a humidified
incubator under 5% CO, and 95% air. As mentioned
above these two cell lines were chosen because they
have different levels of UrdPase activity [47] and to
ensure that the results are not particular to one type
of tumor. Furthermore, these two cell lines have been
used extensively for antitumor drug screening in vitro
and in vivo.

Administration of drugs

5-(Phenylthio)acyclouridine alone or combined with
uridine was mixed well with HPMC powder in hot water
(80°C) and homogenized thoroughly using a polytron
homogenizer (Brinkmann Instruments, Westbury, NY,
New York). The final concentration of HPMC was
0.75%. The drug solution was vortexed well before and
periodically during dosing. HPMC was preferred over
the commonly used methylcellulose because the latter
must be cooled to 10°C in order to hydrate completely
[4, 27, 43]. Drugs were administered orally (0.1 ml/10 g)
using 18G intubation needles (Popper and Sons, Inc.,
New Hyde Park, NY, USA). FUra was dissolved in
normal saline solution (0.9% NaCl) and injected intra-
peritoneally at 0.1 ml/10 g. Control mice received the
carrier solution (0.9% saline or 0.75% HPMC). To
avoid a possible circadian variation in the activities of
the major enzymes involved in FUra metabolism
(UrdPase, Orotate phosphoribosyltransferase [EC
2.4.2.10] and dihydrouracil dehydrogenase [EC 1.3.1.2])



[48, 49], all mice were treated at the same time starting
at 1:00 P.M.

Host toxicity and chemotherapeutic studies

In a previous study we found that oral administration of
PTAU at 120 mg/kg alone or in combination with uri-
dine at 1,320 mg/kg was exceptionally effective in ele-
vating and sustaining high plasma  uridine
concentrations [43—45]. Therefore, these doses of PTAU,
uridine or their combination were used in the present
study to evaluate their effect on the host-toxicity of
FUra in the SCID mouse xenograft model. Further-
more, PTAU alone or in combination with uridine was
administered after FUra administration to evaluate the
significance of time of administration of the rescue reg-
imen.

Mice were divided into groups (8 mice/group). On
day 0, DLD-1 or HCT-15 cells were harvested from the
monolayer cultures, suspended in RPMI 1640 medium
(containing no serum) and inoculated subcutaneously
(10x10° cells/0.2 ml/mouse) into mice into an area just
at the upper right back. Mice were injected intraperito-
neally with FUra (200 mg/kg) on days 17, 24 and 31
after tumor cell inoculation. PTAU (120 mg/kg), uridine
(1,320 mg/kg) or their combination was administered
orally 2 or 4 h after FUra injection. Another 4 admin-
istrations of PTAU plus uridine were given every 8 h
after the first treatment with PTAU plus uridine. Sur-
vival and body weight were used to evaluate host tox-
icity. Tumor weight was used to evaluate the efficacy of
the drugs on tumor growth. Tumor weight was calcu-
lated as [the long diameter (mm)] X [short diameter
(mm)]?/2. The mice were monitored for 38 days.

Results and discussion

Previous studies have established that the administration
of UrdPase inhibitors and/or uridine should be delayed
until after the administration of FUra [4, 6, 39]. There-
fore, we tested the effect of PTAU alone, uridine alone,
or their combination, 2 and 4 h following FUra
administration. Tables 1 and 2 show the effects of
PTAU (120 mg/kg), uridine (1,320 mg/kg) and their
combination, on host toxicity and chemotherapeutic
efficacy of FUra at 200 and 300 mg/kg. The maximum
tolerated dose of FUra (50 mg/kg) in SCID mice [50]
was included as a reference for the chemotherapeutic
efficacy of FUra.

The results in Tables 1 and 2 indicate that, PTAU
alone did not cause any host toxicity confirming our
previous results [43—45]. FUra at the maximum tolerated
dose (50 mg/kg) also did not cause any mortality and
reduced DLD-1 and HCT-15 tumor weights by 48%
(Table 1) and 59% (Table 2) respectively. Increasing the
dose of FUra to 200 mg/kg or above was accompanied
by a 100% mortality (all mice were dead by Day 38).
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Administration of PTAU alone 2 h following the
administration of 200 mg/kg FUra resulted in partial
rescue from this lethal dose of FUra (63% of mice sur-
vived) and a reduction in DLD-1 and HCT-15 tumor
weights by approximately 60% (Tables 1, 2). Table 1
also shows that delaying the administration of PTAU to
4 h post FUra administration was less effective in pro-
tecting from FUra toxicity (38% survival) and in
reducing the DLD-1 tumor (47% reduction). Adminis-
tration of uridine alone under the same conditions did
not protect from FUra host-toxicity as all mice died by
day 38.

On the other hand, coadministration of PTAU with
uridine, 2 h following the administration of 200 mg/kg
Fura, resulted in a better outcome than either PTAU or
uridine alone (100% survival and no appreciable weight
loss at day 38, Tables 1, 2). In addition, administration
of uridine plus PTAU, 2 h after FUra treatment, had a
greater chemotherapeutic effect than that achieved by
the maximum tolerated dose of FUra (50 mg/kg) by
reducing tumor weights by almost 80% (Tables 1, 2).
Delaying the coadministration of PTAU plus uridine
combination to 4 h after FUra administration reduced
tumor weights by only 62%. In addition, this regimen
was less effective than the 2 h regimen in rescuing the
mice from FUra host toxicity as 12% of the mice died
(Table 1). Therefore, we used the 2 h delayed regimen to
test the efficacy of PTAU, uridine and the combination
on rescuing from a higher dose of FUra (300 mg/kg).
Table 2 shows that neither uridine nor PTAU alone had
any rescuing effect (0% survival) from this high dose of
FUra. On the other hand, the use of PTAU plus uridine
combination reduced the tumor weight by almost 80%;
however, this reduction in the tumor weight was
accompanied by 37% mortality (Table 2). The results in
Tables 1 and 2 suggests that there is no difference be-
tween DLD-1 and HCT-15 in their response to the dif-
ferent regimens employed in this study despite the fact
that the tumors have different levels of UrdPase. These
results demonstrate that the combination of PTAU plus
uridine is quite promising in protecting from FUra host-
toxicity. The combination of PTAU plus uridine also
allowed the escalation of the maximum tolerated dose of
FUra from 50 to 200 mg/kg.

The mechanism by which PTAU plus uridine com-
bination protect from FUra host toxicity while main-
taining its efficacy against the tumors, is based on the
complexity of FUra’s mechanism of action. FUra itself
is inactive and must be converted to one of its active
nucleotides (FAUMP, FdUTP or FUTP) before its
antitumor activity can be realized. FAUMP inhibits the
enzyme thymidylate synthase [EC 2.1.1.45] resulting in
inhibition of DNA synthesis. FAUTP may be incorpo-
rated into DNA while FUTP is incorporated into vari-
ous classes of RNA. These events lead to the disruption
of DNA and RNA synthesis and are responsible for the
therapeutic activity and cytotoxicity of FUra [§8]. There
is a general consensus that the activity of FUra against
solid tumors is due mainly to inhibition of thymidylate
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Table 1 Effects of 5-(Phenyl)acyclouridine (PTAU) alone or in combination with uridine, and the time of administration on host toxicity
and chemotherapeutic efficacy of 5-FUra (200 mg/kg) in SCID mice bearing human colon tumor DLD-1 xenografts

Drug (mg/kg) Tumor weight (mg)  %T/C® % Survival at day ~ Day of first death ~ Body weight (g) at day 38
FUra PTAU  Uridine 24 31 38

0 0 0 1,638 +£100* 100 100 100 — 254+0.7
0 0 1,320 1,514+ 179 92 100 100 100 — 24.8+0.8
0 120 0 1,315+ 157 80¢ 100 100 100 — 249+1.5
50°¢ 0 0 858+116 524 100 100 100 — 25.1+1.0
Two hours after FUra administration

200 0 0 - - 63 25 0 24 -

200 0 1,320 - - 100 50 0 28 -

200 120 0 683+93 424 ¢ 100 100 63 35 23.5+0.9
200 120 1,320 295+74 18 f 100 100 100 — 232+1.0
Four hours after FUra administration

200 0 1,320 - - 75 25 0 24 -

200 120 0 870+87 534 100 88 38 31 22.6+1.2
200 120 1,320 624+ 118 384 © 100 100 88 38 23.8+1.0

Mean tumor weight £ SD from 5 to 8 tumors

04 T/C, Percentage of tumor weight in treated mice/tumor weight in untreated control mice

‘Maximum tolerated dose of FUra in SCID mice [50]

dSignificantly different (P <0.01) from that obtained by the untreated controls
“Significantly different (P <0.05) from that obtained by the maximum tolerated dose of FUra (50 mg/kg)
'Significantly different (P<0.01) from that obtained by the maximum tolerated dose of FUra (50 mg/kg)

Table 2 Effect of 5-(Phenyl)acyclouridine (PTAU) alone or in combination with uridine on the chemotherapeutic efficacy and host
toxicity of 5-FUra (200 or 300 mg/kg) in SCID mice bearing human colon tumor HCT-15 xenografts

Drug (mg/kg) Tumor weight (mg)  %T/C® % Survival at day ~ Day of first death ~ Body weight (g) at day 38
Fura PTAU  Uridine 24 31 38

0 0 0 1,651 £172% 100 100 100 100 — 249+1.4
0 0 1,320 1,482+176 90 100 100 100 - 273+1.3
0 120 0 1,351+ 148 82¢ 100 100 100 - 26.8+1.4
50°¢ 0 0 680+90 414 100 100 100 — 25.8+2.3
200 0 0 - - 63 0 0 24 -

200 0 1,320 - - 100 50 0 28 -

200 120 0 660 +65 40¢ 100 100 63 35 26.6+1.6
200 120 1,320 307+59 19¢ ¢ 100 100 100 - 25.5+2.0
300 0 0 - - 13 0 0 24 -

300 0 1,320 - - 100 0 0 28 -

300 120 0 - - 100 0 0 28 -

300 120 1,320 351+70 214 ¢ 100 100 63 38 22.3+1.1

PTAU, uridine or their combination was administered 2 h after FUra administration

“Mean tumor weight £ SD from 5 to 8 tumors

94 T/C, Percentage of tumor weight in treated mice/tumor weight in untreated control mice

‘Maximum tolerated dose of FUra in SCID mice [50]

dSignificantly different (P <0.05) from that obtained by the untreated controls
“Significantly different (P <0.01) from that obtained by the maximum tolerated dose of FUra (50 mg/kg)

synthase; whereas, the toxic side effect results from
incorporation of FUra into RNA. Indeed, it was shown
that the efficacy of FUra against colon carcinoma was
reversed by thymidine, but not by uridine [1], indicating
that the efficacy of FUra in colon carcinoma is a DNA-
based mechanism. Therefore, administration of the
PTAU plus uridine combination after FUra would not
affect the inhibition of thymidylate synthase by FAUMP.
In addition, the increased availability of uridine, by
administration as well as by the inhibition of its catab-
olism by PTAU [43-45], reduces FUra host-toxicity by
increasing UTP concentration in host cells, which will

compete with FUTP for incorporation into RNA [§].
This would allow the use of higher doses of FUra which
would increase its antitumor activity. However, this
delayed rescue from host toxicity was time dependent
and appeared to be optimum at 2 h post FUra admin-
istration. The efficiency of the PTAU plus uridine
combination in rescuing from FUra host-toxicities can
be attributed to the exceptional effectiveness of this
combination in elevating and sustaining high uridine
concentrations in vivo [43—45]. The combination of
PTAU and uridine is more effective in raising and
maintaining high plasma uridine concentrations than



those achieved by either uridine or PTAU alone [43-45]
or other previously known UrdPase inhibitors [43].
Further adjustments of the PTAU plus uridine regimen
may yield even better results.

In summary, the combination of PTAU plus uridine
provides a potentially powerful, practical and less
invasive modulation regimen which may meet all the
desired criteria to increase the chemotherapeutic doses
of FUra without encountering its renowned host-toxic-
ity. The combination of PTAU plus uridine allowed the
escalation of the maximum tolerated dose of FUra by
fourfolds (from 50 to 200 mg/kg). This increase in the
administered dose of FUra was accompanied by a
greater reduction in tumor weight (81-82%) than that
achieved by the maximum tolerated dose of FUra alone
(48-59%) without any apparent host-toxicity. In addi-
tion, it appears that it is likely that tumors with different
levels of UrdPase would respond in the same manner to
this rescue regimens. Therefore, the combination of
PTAU plus uridine can provide a better substitute for
the massive doses of uridine necessary to rescue or
protect from FUra host-toxicities, without the toxic
side-effects associated with such doses of uridine. The
combination may also allow the escalation of FUra
doses for better chemotherapeutic efficacy. Alterna-
tively, the combination of PTAU and uridine may be
useful as an antidote in the few cases when cancer pa-
tients receive a lethal overdose of FUra.
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