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EFFICACY OF CAI'ECITABINE CORRELATES WITH dThdPase AND DPD

fluoropyrimidines to be tested were administered daily for 5 or 7 days/wk for
2-4 wk.

dThdPase Assay. Tumor tissues were homogenized in 10 HIMTris buffer
(pH 7.4) containing 15 mM NaCl. 1.5 mM MgCU and 50 JU.Mpotassium
phosphate. The homogenate was then centrifuged at 105,000 X g for 90 min.
The supernatant was dialyzed overnight against 20 mM potassium phosphate
buffer (pH 7.4) containing l mM ÃŸ-mercaptoethanol and used as a source of

crude enzyme. The protein concentration was determined by the methods of
Lowry et al (14). All procedures were carried out below 4Â°C.The reaction

mixture (120 fj.\) for the assay of the enzyme activity contained 183 mM
potassium phosphate (pH 7.4), 10 mM 5'-dFUrd, and the crude enzyme from

tumor tissues. The reaction was carried out at 37Â°Cfor 60 min and then

terminated by the addition of 360 fj.\ of methanol. After removal of the
precipitate by centrifugation, an aliquot of the reaction mixture (100 /xl) was
added with 20 /xM 5-chlorouracil as the internal standard and then applied to
the HPLC column (ERC-ODS-1171 ). The solvent system used was as follows:
50 mM phosphate buffer (pH 6.8) containing 5 mM 1-decane sulfonic acid/
methanol (85:15, v/v). The amount of 5-FUra produced was measured with a
UV monitor (280 nm). dThdPase activity was expressed as /ng of 5-FUra

converted/nig of protein/h.
DPD Assay. The enzyme activity was determined by measuring the sum of

the 5-FUra catabolites, such as FUH2. a-fluoro-/3-ureidopropionate, and
a-fluoro-ÃŸ-alanine. formed from [6-'4C]5-FUra. The standard reaction mixture

(50 Â¿Â¿I)contained 10 mM potassium phosphate (pH 8.0). 0.5 mM EDTA. 0.5
mM ÃŸ-mercaptoethanol, 1 mM DTT. 2.5 mM MgCU, 250 /J.MNADPH, 25 /IM
[6-'4C]5-FUra (56 mCi/mmol), and crude enzyme (final protein concentration,
1-10 mg/ml). The reaction was carried out at 37Â°Cfor 30 min and then

terminated by immersing the reaction tubes in a boiling water bath for 1 min.
The reaction tubes were frozen at -20Â°C for at least 20 min before any further

manipulations were undertaken. Proteins were removed by centrifugation, and
then 10 n\ of the supernatant fluid were spotted on silica gel TLC sheets
(Merck 5735), which were prespotted with 5 ju.1of an authentic markers
mixture of 10 mM 5-FUra. 50 mM dihydrouracil, 20 mM ÃŸ-ureidopropionate. 10
mM a-fluoro-ÃŸ-alanine, and 50 mM urea. The spots were developed in a

solvent system of a mixture of ethylacetate/isopropanol/H^O (65:23:12, v/v/v).
These developed markers were identified by the methods of Naguib et al. (13).
Spots identified as the 5-FUra catabolites were cut out, and then their radio

activities were counted in a scintillation counter. DPD activity was expressed
as pmol 5-FUra converted/mg protein/min.

Statistical Analysis. Tumor size and enzyme activities were analyzed
using the ANOVA test and Mann-Whitney U test. Differences were considered

to be significant at P < 0.05.

RESULTS

Antitumor Efficacy. The antitumor activities of capecitabine and
other fluoropyrimidines given p.o. were compared in 24 human cancer
xenograft models, which included colon, gastric, breast, cervical,
bladder, ovarian, and prostate cancer models. Capecitabine, S'-dFUrd,

5-FUra, and UFT were given for 10-28 days to mice bearing the

xenografts at their maximum tolerated doses, which were determined
with the HCT116 xenograft model (Table 1); they were 10.5, 5.25,
1.05, and 0.7 mmol/kg/wk (p.o., every day for 5 or 7 days/wk),
respectively. Table 2 summarizes the study results that the efficacy of
capecitabine was superior to that of 5'-dFUrd, 5-FUra, and UFT in

many xenograft models. Capecitabine was effective (defined as
>50% growth inhibition) in 18 of 24 xenograft models (75%) and
inhibited tumor growth by more than 90% in 7 of 24 models. In
contrast, 5'-dFUrd showed more than 90% tumor growth inhibition in

only 1 of 24 models, although it was effective in 15 of 24 models
(63%). 5-FUra and UFT were effective only in 1 of 24 (4.1%) and 5

of 24 (21%) models, respectively, and inhibited the growth by no
more than 90%.

Enzyme Activities in Tumors. The activities of dThdPase and
DPD, which might affect 5-FUra levels, in each cancer xenograft were

measured. These two enzyme activities (Figs. 1 and 2) and their ratio
(Fig. 3) varied from one xenograft to another. A correlation of the

Table 1 Maximum tolerated doses IMTDsl offourfluoropyrimidines

DrugVehicleCapecitabine5'-dFUrd5-FUraUFTTreatment
Dose [mmol/kg/day

schedule"(mmol/kg/wk)]qd

x7/wkqd
x7/wkqd
X7/wkqd
X5/wkqd
X5/wkqd
x7/wkqd
x7/wkqd
X5/wkqd
x5/wkqd
X7/wkqd
X7/wkqd
X5/wkqd
x5/wkqd
X7/wkqd
X7/wkqd
X5/wkqd

x5/wk1.5(10.5)3.0(21)2.1

(10.5)4.2(21)0.75

(5.25)1.5(10.5)1.05(5.25)2.1

(10.5)0.15(1.05)0.3(2.1)0.21

(1.05)0.42(2.1)0.1

(0.7)0.2(1.4)0.14(0.7)0.28(1.4)Drug

death0/50/51/50/51/50/55/50/52/50/55/50/55/50/55/50/55/5MBWC*(g)(%)-0.3
(-1)-3.5
(-14)-7.1
(-31)-1.8(-8)-5.7

(-24)-4.0
(-16)-2.2

(-9)-5.8
(-23)-0.7
(-3)0(-3)-0.6

(-3)-0.6

(-3)CommentMTDToxic''MTDToxicMTDToxicMTDToxicMTDToxicMTDToxicMTDToxicMTDToxic

"Treatment for 3 weeks by the p.o. route, qd X7/wk. every day for 7 days/wk; qd

x5/wk, every day for 5 days/wk.
* MBWC, mean body weight change.
c Toxicity based on the body weight loss above 20%, which is considered excessively

toxic.

enzyme levels with susceptibility of the xenograft to capecitabine,
5'-dFUrd, and UFT, was examined. The susceptibility to capecitabine

appears to be correlated with dThdPase levels in tumors and inversely
correlated with DPD levels to a slight extent (Fig. 4A). Namely, in
many of the susceptible xenograft lines, dThdPase activity is higher,
and DPD activity is lower than in refractory lines. However, there are
some discrepancies between the susceptibility to capecitabine
and either enzyme level in tumors. Some lines with low levels of
dThdPase were susceptible because of low DPD activity (MKN45 and
COLO205), and other lines with high levels of DPD were also
susceptible because of high dThdPase activity (HT-3 and Scaber).

Therefore, the susceptibility correlates with the ratio of these two
enzyme activities in tumors to a greater extent. The susceptibility of
the tumor to 5'-dFUrd showed similar patterns of correlation with the

enzyme activities (Fig. 4B). In contrast, susceptibility of the xenograft
to UFT and the levels of these two enzyme activities did not correlate
well (Fig. 4C).

DISCUSSION

The new cytostatic agent capecitabine generates the active drug
5-FUra from its intermediate metabolite 5'-dFUrd by dThdPase (10,

11), whereas 5-FUra is catabolized to FUH2 by DPD (12, 13). The
present study showed that the efficacy of capecitabine and 5'-dFUrd

correlated with these enzymes in tumors in human cancer xenograft
models, particularly with the ratio of these enzymes in tumors. These
results indicate that the conversion of 5'-dFUrd to 5-FUra in tumor

tissues should be essential for the efficacy of capecitabine and support
our previous observation that capecitabine is converted to 5-FUra
selectively in tumor tissues (15). The tumor-selective conversion to
5-FUra would be a result of unique localization of the enzyme

dThdPase, which exists highly in tumor tissues in humans (10, 11) and
now is known as an angiogenic factor (16, 17). The tumor-selective
conversion explains the higher antitumor activity and broader antitu-

mor spectrum of capecitabine, compared with those of the adminis
tration of 5-FUra itself.

The efficacy of UFT, a fixed combination drug, did not correlate
with tumor levels of DPD in the present study, although UFT is
reported to exert its efficacy through 5-FUra produced. Tegafur is
mainly converted to 5-FUra by the P450 drug-metabolizing enzyme in
the liver (18), and the 5-FUra is distributed to tumors and normal

tissues through the circulation. Uracil, a component of UFT, would
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Table 2 Antitumor activity of four fluoropyrimidines against human cancer xenografts

Tumor volume change (mm"') (% tumor growthinhibition)Cancer

originColonGastricBreastCervixBladderOvaryProstateCancerxenograftCXF280HCTI16LoVoCOLO205HT-29DLD-1WiDrGXF97MKN45MKN28ZR-75-1MCF-7MAXF401MX-1MDA-MB-231YumotoME-

180SIHAHT-3ScaberT-24NakajimaSK-OV-3PC-3Treatment

scheduleX15

(qdx5/wk)X15
(qdx5/wk)X20(qd

X5/wk)X20(qd
X5/wk)X20

(qdx5/wk)X10(qd
x5/wk)X21

(qdX7/wk)X21
(qdX7/wk)X15
(qdX5/wk)X20
(qdXS/wk)X15
(qdX5/wk)X15
(qdX5/wk)X20
(qdX5/wk)X21
(qdX7/wk)X15(qd

x5/wk)X21
(qdx7/wk)XI5
(qdx5/wk)X20(qd

x5/wk)X21
(qdx7/wk)X28
(qdx7/wk)X10
(qdx5/wk)X16
(qdx7/wk)X28
(qdx7/wk)X20
(qdX5/wk)Vehicle91311885211259745876137361388112524069301571550715811646479120014969974374942632627Susceptible

cancer xenografts to eachdrug"Refractory

cancerxenografts to each drugCapecitabine36

(96)-9(101)115(78)495(61)488

(34)640
(27)745

(46)40
(94)-16(102)353(72)-20(105)213(77)460(71)1511

(73)1143(28)37

(98)99
(79)381
(68)511

(66)50
(95)415(5)52

(89)2909
(-11)146(77)18/246/245'-dFUrd211(77)327(72)202(61)586

(53)580
(22)545
(38)881
(36)185(70)306

(65)768
(39)44(89)257

(72)492
(69)1993
(64)1370(13)60(96)228

(52)462
(62)931
(38)483
(52)390(11)90

(82)2516(4)367

(42)15/249/24S-FUra393

(57)728
(39)433(17)813(35)543

(27)699
(20)907
(34)352
(43)630
(28)1203
(4)363(11)848

(9)1010(36)5291

(4)1406(11)1320(20)434

(9)1171(2)1301

(13)687(31)434

( 1)572
(-16)2508

(5)389
(38)1/2423/24UFT314(66)795

(33)250
(52)725
(42)402
(46)492
(44)921
(33)251
(59)672

(24)876(30)110(73)514(45)1165(26)3966(28)1664

(-5)1243

(24)442(8)887

(25)1366(9)192(81)361

(18)294
(40)3200

(-22)364

(42)5/2419/24

" Susceptibility based on more than 50% tumor growth inhibition.

also distributed to tumors and normal tissues with pharmacokinetic
profiles different from those of tegafur and would competitively
inhibit 5-FUra degradation by DPD (19). It is therefore unlikely that

the DPD activity in tumor tissue extracts studied (dialyzed samples) is
comparable to that in tumors after UFT administration. The efficacy
of capecitabine also did not significantly correlate with tumor levels
of DPD, unlike 5'-dFUrd. This was because of the difference in the
susceptibility to 5'-dFUrd and capecitabine of one particular xe

nograft line, HT-3, which has the highest DPD activity among the
xenograft lines studied. HT-3 is classified as a line refractory to

5'-dFUrd, whereas it is susceptible to capecitabine probably because
it could be given safely at higher doses than those of 5'-dFUrd. We

think that the dThdPase:DPD ratio in tumors correlates with the
susceptibility to 5'-dFUrd and capecitabine to a greater extent than

either dThdPase activity or DPD activity alone.
The efficacy of capecitabine and 5'-dFUrd correlated well with the

ratio of dThdPase:DPD in tumor tissues. If this is indeed the case in
clinical trials, the efficacy of these compounds would be predicted by
measuring these two enzyme levels in the tumor before treatment is
begun. This would be likely, because it is suggested that measuring

Susceptible to

Human cancer
xenograft

If*r* <Ã¼<?
Â¿?

/
dThdPase activity (ug 5-FUra/mg protein/h)

100 200 300 400 500 600 700 800

Fig. I. dThdPase activities in tumor tissues of 24
human cancer xenograft lines. The enzyme activity
[mean Â±SD (bars); n = 3] was determined as described
in "Materials and Methods." The susceptibilities of human

cancer xenografts to each fluoropyrimidine were ex
pressed as +, susceptible, >50% tumor growth inhibition:
and â€”,refractory. <50% tumor growth inhibition. Details

of these susceptibilities are shown in Table 2.
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Susceptible to

Fig. 2. DPD .1,in nu", in tumor tissues of 24 human

cancer xenograft lines. The enzyme activity [mean Â±SD
(bars)', n = 3] was determined as described in "Materials
and Methods." The susceptibilities of human cancer xe-

nografts to each fluoropyrimidine were expressed as
those described in the Fig. 1 legend. Details of these
susceptibilities are shown in Table 2.

Human cancer
xenograft e?

DPD activity (pmol 5-FUra/mg protein/min)

50 100 150 200 250 300 350

HT-3
MDA-MB-231

SK-OV-3
Scaber

T-24
SIHA

MKN28
PC-3
WiDr
LoVo

Nakajima
Yumoto
ME-180

COLO205
HCT116

HT-29
DLD-1

CXF280
MCF-7

MX-1
ZR-75-1 +
MKN45

MAXF401
GXF97

even only dThdPase would be useful as a predictive factor in the
subsequent adjuvant chemotherapy with 5'-dFUrd (doxifluridine)

(20), which is now prescribed for the treatment of breast, colorectal,
gastric, and other cancers in Japan, Korea, and China and is now being
assessed in Europe. Yamamoto el al. (21) reported that advanced
breast cancer patients with a dThdPase-positive primary tumor re

sponded well to 5'-dFUrd. Tumor dThdPase and DPD activity-driven

chemotherapy would avoid unnecessary treatment with capecitabine
and 5'-dFUrd and would increase the response rate to these com

pounds.
Cancer chemotherapy would be helped if we could predict the

efficacy of a drug before treatment is begun. A number of studies on

Susceptible to~

Fig. 3. Ratios of dThdPase and DPD activities in
tumor tissues of 24 human cancer xenograft lines. The
ratios of their enzyme activities are calculated from those
depicted in Figs. I and 2. The susceptibilities of human
cancer xenografts to each fluoropyrimidine were ex
pressed as those described in the Fig. I legend. Details of
these susceptibilities are shown in Table 2.

Human cancer $ & $* A
xenograft O* <Ã¼Â«j* *

Ratio of dThdPase/DPD activities

10 20 30 40 50 60 70 80
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ted. Details of these results are shown in Table 2 and
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methods for predicting the susceptibility of cancers to cytostatics have
been conducted, such as those in athymic mice bearing tumors excised
from patients (1, 2), human tumor clonogenic assay (3), and subrenal
capsule assay (4). In addition, various factors related to tumors are
reported to correlate with the efficacy of anticancer drugs, such as
thymidylate synthetase status for 5-FUra (22) and p53 status for some

anticancer drugs (5). However, no useful methods to date have been
identified except for that measuring estrogen receptor status for ta-

moxifen (9). The present study indicates that the efficacy of capecit

abine and its intermediate metabolite 5'-dFUrd (doxifluridine) may be

predicted by measuring the levels of dThdPase and DPD in tumor
tissues. These enzyme assays and subsequent treatment with the
cytostatics could constitute a new treatment modality, tumor enzyme
activity-driven chemotherapy. Clinical studies using this approach for
predicting the efficacy of capecitabine and 5'-dFUrd would be war

ranted.
We reported previously that dThdPase is up-regulated by several

factors, such as interleukin la, tumor necrosis factor a, and IFN7
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(23), and indirectly by interleukin 12 (24) and taxol (25). Conse
quently, these factors enhanced the antiproliferative activity or the in
vivo antitumor activity of 5'-dFUrd. On the other hand, DPD inhibi

tors modulate the efficacy of fluoropyrimidines. The DPD inhibitors
5-ethynyluracil and 5-chloro-2,4-dihydropyridine were reported to
enhance the efficacy of 5-FUra (26) and tegafur (27), respectively.

Combination with capecitabine therapy and dThdPase and DPD mod
ulators would be one rational approach, and it would be worthwhile to
persue future studies. However, dThdPase and DPD modulators may
also have the potential of increasing the toxicity of capecitabine. We
will further investigate methods optimizing the efficacy of capecitab
ine and thereby increasing its value as a therapeutic agent.

REFERENCES

1. Giovanella, B. C.. Slehlin. J. S.. Shepard. R. C. and Williams. L. L Correlation
between response to chemotherapy of human tumors in patients and in nude mice.
Cancer (Phila.), 52: 1146-1152. 1983.

2. Fujita, M., Hayata. S., and Taguchi, T. Relationship of chemotherapy on human
cancer xenografts in nude mice to clinical response in donor patients. J. Surg. Oncol..
15: 211-219, 1980.

3. Hamburger, A. W., and Salmon, S. E. Primary bioassay of human tumor stem cells.
Science (Washington DC), 197: 461-463, 1977.

4. Bogden. A. E.. Haskell. P. M.. and LePage, D. J. Growth of human tumor xenografts
implanted under the renal capsule of normal immunocompetent mice. Exp. Cell Biol..
47: 281-293, 1979.

5. Lowe, S. W., Bodis. S., McClatchey. A.. Remington. L.. Ruley. H. E.. Fisher. D. E..
Housman, D. E., and Jacks. T. p53 status and the efficacy of cancer therapy in vivo.
Science (Washington DC), 266: 807-810, 1994.

6. el-Deiry. W. S. Role of oncogene* in resistance and killing by cancer therapeutic
agents. Curr. Opin. Oncol., 9: 79-87, 1997.

7. Yamauchi, H., O'Neil, A.. Gelman, R.. Carney, W.. Tenney. D. Y., Hosch, S., and

Hayes, D. F. Prediction of response to antiestrogen therapy in advanced breast cancer
patients by pretreatment circulating levels of extracellular domain of the HER-2/c-neu
protein. J. Clin. Oncol.. /5: 2518-2525, 1997.

8. Horwitz. K. B., McGuire, W. L., Pearsons, O. H.. and Segaloff, A. Predicting
response to endocrine therapy in human breast cancer: a hypothesis. Science (Wash
ington DC). 189: 726-727. 1975.

9. Caldarola. L.. Volterrani. P., Caldarola. B., Lai. M., Jayme. A., and Caglia. P. The
influence of hormone receptors and hormonal adjuvant therapy on disease-free

survival in breast cancer: a multifactorial analysis. Eur. J. Cancer & Clin. Oncol. 22:
151-155, 1986.

10. Ishitsuka, H.. Miwa, M., Ishikawa. T., Ura. M., Sawada. N., Nishida. M.. Fukase, Y.,
Yamamoto. T.. Mori. K., Arasaki, M.. Umeda. I., and Shimma, N. Capecitabine: an
orally available fluoropyrimidine with tumor selective activity. Proc. Am. Assoc.
Cancer Res., 36: 407, 1995.

11. Kono, H.. HarÃ¡, Y., Sugata. S., Karube, Y., Matsushima. Y., and Ishitsuka. H.
Activation of 5'-deoxy-5-fluorouridine by thymidine phosphorylase in human tumors.

Chem. Pharm. Bull. (Tokyo), 31: 175-178, 1983.
12. Heggie. G. D., Sommadossi. J-P., Cross, D. S.. Huster. W. J.. and Diasio, R. B.

Clinical pharmacokinetics of 5-fIuorouracil and its metabolites in plasma, urine, and
bile. Cancer Res.. 47: 2203-2206. 1987.

13. Naguib, F. N. M., el Kouni, M. H., and Cha, S. Enzymes of uracil catabolism in
normal and neoplastic human tissues. Cancer Res., 45: 5405-5412. 1985.

14. Lowry. O. H., Rosebrough, N. J., Fair. A. L.. and Randall. R. J. Protein measurement
with the Folin phenol reagent. J. Biol. Chem., 193: 265-275, 1951.

15. Ishikawa. T.. Utoh, M.. Sawada, N., Nishida, M., Fukase, Y., Sekiguchi, F., and
Ishitsuka. H. Tumor selective delivery of 5-fluorouracil by capecitabine. a new oral
fluoropyrimidine carbamate. in human cancer xenografts. Biochem. Pharmacol., in
press, 1998.

16. Miyadera. K.. Sumizawa. T., Haraguchi. M., Yoshida, H., Konstanty. W.. Yamada,
Y., and Akiyama, S. Role of thymidine phosphorylase activity in the angiogenic effect
of platelet-derived endothelial cell growth factor/thymidine phosphorylase. Cancer
Res., 55: 1687-1690. 1995.

17. Fox, S. B., Westwood, M., Moghaddam. A., Comley. M., Turley, H., Whitehouse,
R. M.. Bicknell. R.. Gatter, K. C., and Harris, A. L. The angiogenic factor platelet-
derived endothelial cell growth factor/thymidine phosphorylase is up-regulated in
breast cancer epithelium and endothelium. Br. J. Cancer, 73: 275-280. 1996.

18. Toide, H., Akiyoshi, H., Minato. Y., Okuda, H., and Fujii, S. Comparative studies on
the metabolism of 2-(tetrahydrofuryl)-5-fluorouracil and 5-fluorouracil. Gann, 68:
553-560, 1977.

19. Takechi. T., Uchida. J., Fujioka A., and Fukushima M. Enhancing 5-fluorouracil

cytotoxicity by inhibiting dihydropyrimidine dehydrogenase activity with uracil in
human tumor cells. Int. J. Oncol., //: 1041-1044, 1997.

20. Toi, M., Ohashi. T.. Takatsuka. Y., Shin, E., Inaji, H.. Yamamoto, Y.. and Tominaga,
T. Selective effect of adjuvant 5'-deoxy-5-fIuorouridine (5'-DFUR) treatment for

thymidine phosphorylase positive tumors in primary breast cancer. Proc. Am. Soc.
Clin. Oncol. Annu. Meet.. 16: 481, 1997.

21. Yamamoto, Y., Toi, M., and Tominaga. T. Prediction of the effect of 5'-deoxy-5-

fluorouridine by the status of angiogenic enzyme thymidine phosphorylase expression
in recurrent breast cancer patients. Oncol. Rep., 3: 863-865. 1996.

22. Lenz, H. J., Leichman, C. G.. Danenberg. K. D.. Danenberg, P. V., Groshen, S.,
Cohen, H.. Laine, L., Crookes. P.. Silberman, H.. Baranda, J.. Garcia, Y.. Li, J., and
Leichman. L. Thymidylate synthase mRNA level in adenocarcinoma of the stomach:
a predictor for primary tumor response and overall survival. J. Clin. Oncol., 14:
176-182, 1995.

23. Eda, H., Fujimoto, K., Watanabe, S., Ura, M., HiÃ±o,A., Tanaka. Y.. Wada, K., and
Ishitsuka. H. Cytokine induce thymidine phosphorylase expression in tumor cells and
make them more susceptible to 5'-deoxy-5-fluorouridine. Cancer Chemother. Phar

macol., 32: 333-338. 1993.
24. Tanaka, Y., Endo, M., Ouchi, K.. Mori, K., and Ishitsuka. H. Augmentation of

antitumor activity of 5'-DFUR by IL-12 in murine tumor models (in Japanese). J. Jpn.

Soc. Cancer Ther.. 31: 736, 1996.
25. Ishitsuka, H.. Ishikawa, T.. Fukase. Y., Sawada, N., Tanaka, Y., Ouchi, K.,

Yoshikubo, T.. and Nishida. M. Capecitabine and the dThdPase up-regulators IFNy

or taxol showed synergistic activity in human cancer xenografts. Proc. Am. Assoc.
Cancer Res., 37: 405, 1996.

26. Baccanari. D. P.. Davis. S. T., Knick, V. C., and Spector, T. 5-Ethynyluracil

(776C85): a potent modulator of the pharmacokinetics and antitumor efficacy of
5-fluorouracil. Proc. Nati. Acad. Sci. USA, 90: 11064-11068, 1993.

27. Shirasaka. T., Nakano. K.. Takechi, T.. Satake. H.. Uchida, J.. Fujioka. A., Saito, H.,
Okabe. H., Oyama. K.. Takeda, S.. Unemi. N.. and Fukushima. M. Antitumor activity
of 1 M tegafur-0.4 M 5-chloro-2.4-dihydroxypyridine-l M potassium oxonate (S-l)

against human colon carcinoma orthotopically implanted into nude rats. Cancer Res.,
56: 2602-2606. 1996.

690

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2469226/cr0580040685.pdf by guest on 13 August 2022


