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ABSTRACT

Thymidylate synthase (TS) is a crucial target for 5-fluorouracil (5-FU)
in the de novopathway of pyrimidine synthesis, which is necessary for
DNA synthesis. Thymidine kinase (TK) plays a key role in the comple-
mentary or alternative salvage pathway of pyrimidine synthesis in acute
or pathological tissue stress. In the present study, the activity levels of TS
and TK were determined in 257 primary breast tumors of patients who
received tamoxifen as first-line systemic therapy after diagnosis of ad-

of the patients. TSand TK are key enzymes for pyrimidine synthesis.

In the de novopathway TS catalyzes the reductive methylation of
dUMP to dTMP, using 5,10-methylene tetrahydrofolate as cofactor. In
the salvage pathway, TK directly catalyzes the phosphorylation of
deoxythymidine released from cells by DNA catabolism (3). Expres-
sion of both enzymes has been associated with proliferation of breast
cancer cellsn vitro (4, 5) and with proliferation indiceis vivo (6, 7).

Two different forms of TK can be distinguished, a fetal isoform,

vanced disease. In 155 (60%) responding patients, the median responsewhich is located in the cytoplasm and at the molecular level is cell

duration was 23 months for tumors with low TK activity, 15 months for
tumors with intermediate TK activity, and 13 months for tumors with
high TK activity (P = 0.003). In Cox multivariate analysis corrected for
classical predictive factors including estrogen receptor and progesterone
receptor, patients with intermediate and high levels of TK activity in their
tumors showed a rapid disease progressionP(= 0.0002) and an early
death (P = 0.002) after start of tamoxifen treatment. Tumor TS activity
levels were not significantly associated with the efficacy of tamoxifen
treatment. In 121 patients who became resistant to tamoxifen or addi-
tional endocrine treatments and who received 5-FU-containing polyche-
motherapy, tumor TK activity was not significantly related to the efficacy
of chemotherapy. Of the 13 patients with low tumor TS activity, only 1
(8%) responded favorably, whereas 46% (43 of 93) of those with inter-
mediate and 73% (11 of 15) of those with high TS activity responded
(P = 0.001). In Cox multivariate regression analysis in which TS was the
only significant variable, intermediate and high TS activities were associ-
ated with a slow disease progressiorP(= 0.005) and prolonged survival
(P = 0.016) on chemotherapy. In conclusion, for patients with recurrent
breast cancer, high tumor TK activity is a significant marker of poor
clinical outcome on tamoxifen therapy. Elevated tumor TS activity pre-
dicts a favorable outcome for 5-FU-containing polychemotherapy when
applied after tumor progression on endocrine therapy.

INTRODUCTION

cycle-regulated (8); and an adult isoform, which is located in the
mitochondria. High TK levels have been observed in fast-growing
tissues (9) and in target organs (uterus and prostate) after stimulation
by their corresponding hormones (10, 11). TK expression might
correlate indirectly with neoangiogenesis because the catabolic prod-
ucts of TP, which plays a key role in the supply of TK substrate, are
angiogenic (12). In primary breast tumors, TK levels were related to
the synthesis of the fetal cytosolic isoenzyme and were found to be
elevated in patients who developed a recurrence (13). TK has been
shown to be an independent factor of poor prognosis in node-negative
breast cancer patients not treated with adjuvant therapy (14, 15). TS'is
the target for fluoropyrimidines, such as 5-FU. In tumor cells, 5-FU is
converted to 5-fluoro-dUMP, which in the presence of 5,10-methyl-
ene tetrahydrofolate, inactivates TS by formation of a covalent com-
plex with the active site of TS (16). In node-positive breast cancer
patients receiving adjuvant chemotherapy that includes 5-FU, TS was
suggested to be related to a favorable response, whereas high TK
levels were correlated with increased risks of relapse and death (15,
17). The efficacy of endocrine therapy might also be related to the
tumor levels of DNA synthesis enzymes. In nude mouse MCF-7
breast cancer xenografts, tumor TS levels were reduced by treatment
with a pure antiestrogen (18), and in breast cancer tellgro the TK

gene has been shown to be under transcriptional control of estrogens
and antiestrogens (4). At present, no studies of patients with advanced

The importance of tumor proliferation in determining response tareast cancer are available in which tumor TK and TS levels have

chemotherapy and endocrine treatments has been clearly establisiesgh correlated with the efficacy of systemic endocrine and subse-
in breast cancers. Although patients with a high growth fraction acgient chemotherapy. TK can be released from the tumor into the
likely to benefit from chemotherapy (1), patients with slowly prolifserum, and it has been shown in advanced breast cancer patients
erating tumors are likely to benefit from endocrine therapy (2). Pyreated with endocrine therapy that serum TK levels were significantly
rimidine incorporation is a limiting step for DNA replication. Inlowered in the responding patients, whereas in patients who pro-
cellular S phase, two pathways must simultaneously or independergtgssed serum TK levels were increased (19).

be involved, the so-callede novoand salvage pathways of pyrimi- High tumor TK activities may be indicative of a poor response to
dine synthesis. The proliferation rates of breast cancers have baetimetabolic chemotherapy protocols (15, 17). TS has been sug-
analyzed with various methods, such as the S-phase fraction or Kig¥ted to be related to the natural history of the disease (17), and
index, that do not discriminate between tbe novoand salvage endocrine therapy merely targets the cell cycle but experimentally
pathways of pyrimidine synthesis. Such discrimination would b@&oes not select for thde novoand salvage pyrimidine pathways of
important to predict more precisely individual resistance or sensitiviNA synthesis. We therefore wished to study clinically whether the
efficacy of tamoxifen treatment could be related with TK or TS
Received 7/20/00; accepted 12/13/00. activity, thus involving some specific pathways uncontrolled by ste-
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investigate in patients with advanced breast cancer the relationRESULTS
tumor TS expression to the efficacy of polychemotherapy including

5-FU after the occurrence of endocrine resistance. Levels and AssociationsThe activity levels of TS and TK in the

257 analyzed tumors were 0—805 fmd@H[,O/min/mg of protein
(median, 24 fmol fH],O/min/mg of protein) for TS and 0-26.4
MATERIALS AND METHODS units/mg of protein (median, 0.41 units/mg of protein) for TK. TS and
TK activity levels were not significantly correlated with the size or
Patients and Treatment. The medical ethics committee of the Universitydifferentiation grade of the tumor or with nodal status at primary
Hospital Rotterdam approved our study design. A series of 257 patients Wiffirgery. TS and TK activity levels were negatively correlated
primary operable breast cancer who underwent resection of their prim P =—-026:P< 0.0001), and those of ER and PgR were positively

tumors between 1979 and 1991 and who showed a recurrence that was tregg?gelated (. = 0.44;P < 0.0001). There was no correlation between

with tamoxifen was selected. The median age of the patients was 62 years . . .
(range, 29-92 years), and 197 patients (77%) were postmenopausal. % activity levels of TS or TK with those of ER or PgR. Using

dominant site of relapse was soft tissue in 35 patients (14%), skeletal in 1'§§t°r!'c regression analysis for. both TS and, TK we defined two
patients (46%), and visceral in 103 patients (40%); 178 patients (69%) ha§4fpoints, 4 and 84 fmoPH] ,O/min/mg of protein for TS, and 0.16
disease-free interval of 12 months between primary tumor removal and firsend 0.93 units/mg of protein for TK.

recurrence. None of the patients had received neoadjuvant therapy, had bedResponse to Tamoxifen TreatmentOf the 257 patients, 155
exposed to hormonal adjuvant treatment, or had been treated with pri60%) responded to tamoxifen. The median duration of response was
systemic treatment for advanced disease. Only 43 patients had been trea®¢nonths in objective responders£ 47; range, 3—84 months) and
with adjuvant polychemotherapy (CMF in 23 patients; FAC or 5-FU plugs months for stable disease+ 108; range, 6—66 months). The ER
cyclophosphamide plus epirubicin in 20 patients). Irrespective of ER status, gl s \vas known for 253 patients; the response rate in patients with
257 patients received tamoxifen (40 mg daily) as first-line endocrine thera% -positive tumors was 65% (140 of 216), whereas 35% (13 of 37) of

after diagnosis of advanced disease. The median follow-up of patients siill . ith . ded f bl he | Is of
alive after start of tamoxifen treatment was 47 months (range, 4—100 mont tients with ER-negative tumors responded favorably. The levels o

fifty-six patients were still alive at the end of the present study, whereas 20 > activity were not significantly related to the rate of response
patients had died. On tamoxifen therapy, tumor progression occurred in A%gedian, 24 fmol {H],O/min/mg of protein in both responders and
patients (91%) during follow-up. Of these patients, 175 were subsequentgnresponders) or the length of PFS. A trend could be observed only
treated with one or more additional hormonal agents (mostly high-dose ptietween TS activity and the duration of response and the length of OS
gestins), and to date, 121 patients have received systemic 5-FU-containifier start of tamoxifen treatment. In the 155 responding patients, the
polychemotherapy (CMF in 78 patients, FAC in 43 patients) after the devehedian duration of response was 12 months for tumors with low TS
opment of hormonal resistance. activity levels (21 patients), 16 months for patients with intermediate

The length of PFS was defined as the time from the start of treatment th activity levels (113 patients), and 23 months for those with high
advanced disease until the start of next treatment because of progres§j ’

e .. ) . . :
disease or until the time of intercurrent death. All patients were assessed b%/ activity (21 .p§t|entst3 = 0.08). Compared with patients with low
standard Union International Contre Cancer criteria for complete and partidor TS activity, the RHRs were 0.71 (95% CI, 0.48-1.07;
response (objective response). Patients with no change@anonths (stable P = 0.10) for those with intermediate and 0.63 (95% ClI, 0.37-1.07;
disease) have a OS similar to patients with partial response (20, 21). Therefftez 0.09) for those with high TS activity, respectively.
for overall response, objective response and stable disease were combined.In the 155 responding and the 107 nonresponding patients, the

Tumors and Assays. Tumors were collected and routinely assayed at thehedian tumor TK activity levels were 0.34 and 0.53 units/mg of
time of surgery for ER and PgR levels according to European Organization {gfotein, respectivelyR = 0.08). Compared with the 64 patients with
Research and Treatment of Cancer guidelines, as described previously (%9‘), tumor TK activity levels (70% response), the 79 patients with

When we used 10 fmol/mg of cytosolic protein as cutoff, 84% of the tum0ﬁ h activity levels showed a poor response to tamoxifen treatment
were classified as ER positive and 74% as PgR positive. For TK and TS assa Eh 520 of the patients responding (odds ratio, 0.46: 95% ClI '
new cytosols were prepared from stored tissues (liquid nitrogen) in Europe 0 pati P Ing 10, V.20 0 &

Organization for Research and Treatment of Cancer buffer containing 4 f-23—0-91;P = 0.03). In the 114 patients expressing intermediate
ATP and 8 nm MgCl, as has recently been recommended for stability (23§umor TK activity, the response rate was 61% (odds ratio, 0.65; 95%
After it had been established that there was linearity between the activity levels 0.34—1.25;P = 0.19; overallP = 0.08). The amplitude of the
in serial dilutions of a series of breast cancer cytosols, TK activity levels werelation of TK activity levels with a poor response rate to tamoxifen
measured with the adapted TK-REA assay (Ref. 23; kits were kindly provide&atment was mostly present in the ER-positive subgroup of patients.
by AB Sangtec Medical, Bromma, Sweden), and TS activity levels we®f 57 ER-positive tumors with low TK activity, 42 (74%) responded,
measured with a tritium-release assay as described previously (17). whereas 37 of 67 (55%) tumors with high TK activity responded. Of
Statistical Analysis. The associations between ER, PgR, TK, and TS weig, ER-positive tumors with intermediate TK activity, 61 (66%) re-

studied with Spearman rank correlations).( The nonparametric Kruskal- _ . - .
Wallis test was used to study the associations between TS and TK (use(?%%nded (overal?_— 0'09)'.The response rate_s In ER-negative umors
low (n = 7), intermediater( = 20), and highit = 10) levels of

continuous variable) with tumor size and nodal status at primary surgery an o )
differentiation grade (used as grouping variables). The relation of response £ activity were 43, 35, and 30%, respectively (overral= 0.86).
therapy was examined with logistic regression analysis. Isotonic regressiorAdditionally, the duration of response was inversely correlated with
analysis (24) was applied to define cutpoints for TK and TS after it had be#fe level of tumor TK activity. In the 155 responding patients, the
established in a test for trend using log-transformed TK and TS activity valuegedian duration of response was 23 months for tumors with low TK
that high TK activity was associated with poor PFS on tamoxifen therapittivity (45 patients), 15 months for tumors with intermediate TK
(P =0.002) and that low TS activity was associated with a more rapid diseaggtivity (69 patients), and 13 months for tumors with high levels of
progression on chemotherapy after endocrine resistaheeq.05). Both uni- - Ty acivity (41 patientsP = 0.003). In Kaplan-Meier analysis of all
i’ln:dg: UIEII'\r/l?a”Zt:sanmaht/izis ;\;er?op%:gg:];d #;;g?d?ewizxvg:?fﬁ)ggm?zl :izl patients, when compared with tumors with low TK activity, those
' ump prop grap })I(gth intermediate and high TK activity showed a shorter PFS

RHRs were calculated and presented with their 95% Cls. The likelihood ratio™ " . . .
test in the Cox regression models was used to test for differences and (fgr= 0.0001; Fig. B) and an earlier death after start of tamoxifen

interactions. Survival curves were generated using the method of Kaplan 4iRgtment B = 0.007; Fig. B). The results of the Cox multivariate
Meier, and the log-rank test for trend was used to examine survival data. Alnalysis (Table 1) show that, corrected for the classical predictive
P values are two-sided. factors, TK was an independent variable to predict a poor PFS
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Tamoxifen Chemotherapy
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Fig. 1. PFS Q) and OS B) after start of tamoxifen therapy as a function of the level of TK, and RE}Sugd OS D) on chemotherapy after hormone resistance as a function of
the level of TS. The numbers of patients at risk are indicaigerm, intermediatepts, patients.

(P =0.0002) and OSK = 0.002). In a separate multivariate analysis Of the 13 patients with low TS activity levels, only 1 (8%) re-
with ER and PgR included as log-transformed continuous variablggonded, whereas 43 of 93 (46%) of those with intermediate levels
instead of dichotomized variables, the estimators of the effect afd 11 of 15 (73%) of the patients with high tumor TS activity levels
intermediate and high TK activity did not change. Furthermore, wheaspondedR = 0.001). In Cox univariate analyses of all 121 patients,
ER, PgR, and TK were all analyzed as log-transformed continuowsien compared with patients with low tumor TS activity levels, those
variables, TK remained an independent variable to predict eamyth intermediate and high levels were associated with a prolonged
disease progressioR (= 0.0005) and deatiP(= 0.002). The level of PFS f = 0.005; Fig. L) and an improved OF(= 0.016; Fig. D).
TS activity did not contribute to the multivariate models (data ndh Cox multivariate analysis for PFS and OS, TS was the only
shown). No statistically significant interactions of the activity levelsignificant variable.
of TK with those of TS, ER, or PgR in multivariate analyses for PFS
and OS were observed. DISCUSSION

Response to ChemotherapyOf the 121 patients who received
chemotherapy after failure to endocrine treatment(s), 55 (45%) re-The benefits of endocrine treatment of breast cancer have been
sponded. The median duration of response was 9 months for objectivdely accepted. Nevertheless50% of the tumors do not respond to
respondersn = 22; range, 5-34 months) and 11 months for stabl@nti)hormonal treatment. Similarly;50% do not respond to chem-
disease if = 33; range, 6—-30 months). Irrespective of the type aftherapy. In the systemic treatment of patients with advanced breast
treatment (CMF or FAC), there were no significant relationshipsancer, the occurrence of acquired therapy resistance in responding
between the levels of TK activity and the efficacy or duration gbatients is a major problem. Most patients will initially be treated with
response to chemotherapy or length of PFS or OS. endocrine treatment, mainly tamoxifen, and the question remains
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Table 1 Multivariate analysis in tamoxifen-treated patients

PFS oS
P RHR? P RHR?

Age and menopausal status 0.605 0.014

Age premenopausal 0.52 (0.32-0.87) 0.40 (0.23-0.70)

Age postmenopausal 0.84 (0.72-0.97) 0.94 (0.81-1.10)

Postvs. premenopausal 1.91 (1.02-3.60) 2.23(1.11-4.49)
Visceral metastasis/g. skeletal and soft tissue) 0.099 1.26 (0.96-1.65) <0.0001 1.88 (1.40-2.53)
Disease-free intervalX12 vs. =12 months) 0.002 0.56 (0.41-0.75) <0.0001 0.45 (0.33-0.62)
ER/PgR (+/+ vs.others} 0.008 0.66 (0.49-0.89) <0.0001 0.43 (0.31-0.58)
TK 0.000Z 0.00Z

TK-intermediatevs. TK-low f 1.47 (1.05-2.07) 1.69 (1.17-2.44)

TK-high vs. TK-low f 2.15 (1.50-3.09) 1.91 (1.29-2.83)

295% CI in parentheses. The final multivariate models included 250 patients.

b Age and menopausal status combined.

°Tested in decades, separately for pre- and postmenopausal patients.

9 +/+, ER and PgR=10 fmol/mg of protein i = 180)vs.combined oner( = 24) or both<10 fmol/mg of protein ¢ = 46).
€ TK-intermediate and TK-high combined.

fTK-low, =0.16 units/mg of protein; TK-intermediate;0.16—0.93 units/mg of protein; TK-highs0.93 units/mg of protein.

which treatment could be most effective after the occurrence wfmors or the absence of the transcriptionally regulatory mechanism
endocrine resistance. The main aim of the present study wasiriovivo. It may also suggest that in breast cancers additional mecha-
investigate whether in the future the knowledge of tumor TK and/misms are involved in TK regulation. In this respect, the E2F family of
TS activity status could be helpful in designing individualized treaproteins plays a key role in progression of cells from the lajen®
ment strategies. In this report, we focused on the enzymes TS and Bphase. These E2F family members (E2F-1 through E2F-5) regulate
which play key roles in thele novopyrimidine synthesis and the transcription of genes that encode protein products that are required
salvage DNA synthesis pathways, respectively, because specific doe-DNA synthesis, such as TK, TS, dihydrofolate reductase, and
motherapeutic agents interfere with these pathways. ribonucleotide reductase (28). On the other hand, c-Myc has contin-
Evaluation of the clinical importance of DNA-synthesizing enued to emerge as centerpiece of cancer biology because of its ability
zymes in breast cancer showed that TK activity is significantly asstm enhance the activities of specific enzymes involved in DNA me-
ciated with the natural history of the disease. A high prognostic valtebolism, such as TK, and other metabolic pathways (29). Further-
was found with respect to disease-free survival and OS (7, 14, 1Bjore,in vitro studies have shown that activation of c-Myc specifically
especially in node-negative patients receiving no systemic adjuvamiuced TK mRNA expression and enzyme activity throughout the
therapy (14). In an analysis of whether TK and TS are predictivell cycle (30).
factors for drug sensitivity in patients receiving 5-FU-containing We showed that high activity levels of TK, independent of ER and
adjuvant chemotherapy, our group showed an increase in the averBgR status, were related with a poor clinical outcome on first-line
time to relapse with decreasing levels of TK (15, 17). The subsequéamoxifen therapy. These results are consistent with the reported
question regarding the potential association of TK and TS activibenefit of endocrine treatment in slowly proliferating breast cancers
with the efficacy to tamoxifen and chemotherapy in patients witf2). Thus, the inhibitory effect of tamoxifen on tumor growth as a
advanced cancers was investigated in the present study. result of a blockade of ER function has likely been abrogated by the
In our breast cancer patients, TS and TK activity levels wemaesence of high TK levels. There is only one very small study in the
log-normally distributed, in agreement with our previous study (17lterature (12 patients) concerning TK and tamoxifen therapy (26). No
In the present study, no positive correlation was found between tbenclusions can be drawn from that study because the patients also
activity levels of TS and TK, suggesting that both pathway of DNAeceived different kinds of endocrine treatment (26). In our present
synthesis may take over each other’'s function. In some tumossudy, the patients who failed directly on first-line tamoxifen treat-
however, synthesis was not clearly predominant in one pathway. Datant and those who showed a short duration of response when
obtained in experimental models may support these observatioingtially responding had the highest tumor TK activity levels. In
Indeed, a coordinated regulation of TK and Ti%., a prolonged hormone-refractory patients with relatively high tumor levels of TK,
decrease in TK activity that coincides with TS inhibition, has beesubsequent 5-FU-containing polychemotherapy failed in the small
described in one subtype of murine colon cancer. (25). In contrast,gnoup of patients with high tumor TS activity levels. Although this
uncoordinated variationi.e., a rapid return of TK activity to the first report should be interpreted with caution until it has been con-
control level, was observed in another subtype (25). Thus, for tumdnsned, this suggests that 5-FU will be effective only when its target
that escape TS blocking by agents such as 5-FU through a fast piotein is present in sufficient amounts, irrespective of the levels of
increase, blocking of both the TS and TK pathways should be tark. No comparable studies involving hormone-resistant advanced
geted. breast cancer patients are available in the literature. In breast cancers
In the present study, we found no significant correlation betwednwas shown in a small study that treatment with 5-FU caused an
TK activity and the levels of ER. Only weak negative relationshipgicrease in tumor TS levels and that increased free TS levels may
(13) or an absence of association (14, 26) have been descrilbadse 5-FU resistance (31). In the study of Pestaletzai. (27), in
previously, and also by us in specific subgroups of patients (7, 1Which TS expression was assessed by immunohistochemistry, node-
Absence of a correlation with ER was also observed in the pres@assitive patients with high TS expression demonstrated the most
study for TS, in agreement with previous studies (6, 17, 27). bignificant benefit of adjuvant CMF therapy. Furthermore, in rectal
MCF-7 breast cancer cell; vitro, it has been shown that thecancers, adjuvant 5-FU-based chemotherapy significantly improved
expression of TK is transcriptionally regulated by estrogen and agisease-free survival and OS for patients with high TS levels, whereas
tiestrogens (4). The lack of an association between TK activity and ERIid not improve prognosis in patients with low levels (32). In other
levels in breast tumors may reflect the heterogeneous nature of brégsés of tumors in which TK measurements were not performed
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simultaneously, such as colorectal cancer (33, 34), gastric cancer (34) Haraguchi, M., Miyadera, K., Uemura, K., Sumizawa, T., Furukawa, T., Yamada, K.,
and head and neck cancer (35), higher tumor TS levels were a|mostfklyama, S., and Yamada, Y. Angiogenic activity of enzymes. Nature (LoB8689;

. K : . . X 98, 1994.
uniformly found in nonresponding patients or were associated with. o'Neil, K. L., Hoper, M., and Odling-Smee, G. W. Can thymidine kinase levels in
poor clinical outcome. breast tumors predict disease recurrence? J. Natl. Cancer Inst. (Beth@éda),

. . 1825-1828, 1992.
Concemmg TK and chemotherapy, in the small StUdy of Zhﬂng 14. Spyratos, F., Martin, P. M., Havce, K., Romain, S., Andrieu, C., Ferrero-Bo.,

al. (26), higher levels were found in the tumors of 17 responding Deytieux, S., Le Doussal, V., Tubiana-Hulin, M., and Brunet, M. Multiparametric

patients compared with those of 28 patients who did not respond. prognostic evaluation of biological factors in primary breast cancer. J. Natl. Cancer
H h d difficul . b hei . Inst. (Bethesda)34: 1266-1272, 1992.
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included predominantly ER-negative patients who received a very Colonna, M., Bolla, M., and Martin, P-M. Prognostic assessment of DNA-synthesizing
heterogeneous mixture of Chemotherapy regimens and who were nohzyme activities (thymidine kinase and thymidylate synthase) in 908 T1-T2, NO—N1,

. 0 breast cancers: a retrospective multicenter study. Int. J. C&81c&60—868, 2000.
yet hormone refractory. In the present study, in hormone-refractoly. peters, G. J., van der Wilt, C. L., van Triest, B., Codacci-Pisanelli, G., Johnston, P. G.,

pa’[ients who already had the highest levels of tumor TK activity, the van Groeningen, C. J., and Pinedo, H. M. Thymidylate synthase and drug resistance.

level was not further related to the efficacy of subsequent chemothgy-5ur: . CancesiA: é_zlagkl”?no% O an Putien. W. L. J. Look M. P. Guiou. ©

apy. Previously, we showed that in patients with primary breast cancer and Foekens, J. A. DNA-synthesis enzyme activity: a biological tool useful for predicting
who were treated with adjuvant CMF or FAC, high TK activity levels anti-metabolic drug sensitivity in breast cancer? Int. J. Caffder}56—161, 1997.

. . . . 18, Ogasawara, Y., Doihara, H., Shiroma, K., Kanaya, Y., and Shimizu, N. Effects of
were associated with a poor prognosis, which suggested that hl(‘:]h«-:‘xperimental chemoendocrine therapy with a combination of a pure antiestrogen and

levels of TK were associated with failure of antimetabolic chemother- 5-fluorouracil on human breast cancer cells implanted in nude mice. Surg. Tz@ay,

rotocols (15, 17). It thus m lective factor for innovatiye 149-156, 1999.
apy proloco’s ( ° ) us may be a selective factor fo ova 18. Robertson, J. F. R., O'Neill, K. L., Thomas, M. W., McKenna, P. G., and Blamey,

treatment protocols including.g.,taxanes. In our present study, we g . Thymidine kinase in breast cancer. Br. J. Can62r,663—667, 1990.
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