
Abstract. Recent studies have demonstrated that tegafur-uracil
(UFT) is useful for the adjuvant treatment of various types
of cancers. To determine whether nucleoside metabolizing
enzymes could be used to predict the response to UFT treat-
ment in women with primary breast cancer, we retrospectively
analyzed archived tumor tissue samples obtained from the
3rd Adjuvant Chemo-Endocrine Therapy for Breast Cancer
(ACETBC) study, in which adjuvant treatment with tamoxifen
(TAM) plus UFT for 2 years was compared with TAM alone
for 2 years. Samples of tumor tissue were obtained from 192
premenopausal women with node-positive invasive breast
cancer. The tissue samples were examined immunohisto-
chemically to study the expression of thymidylate synthase
(TS), thymidine phosphorylase (TP), and dihydropyrimidine
dehydrogenase (DPD), as well as the expression of HER2 and
p53. In patients with TS-positive tumors, the risk of relapse
was significantly lower in the tamoxifen plus UFT group
than in the tamoxifen alone group. After 2 years, however,
there was a trend towards a decrease in the relative predictive
value (RPV) of TS with time. No relationship to outcome was
detected for TP or DPD. Expression of HER2 or p53 was a
significant prognostic indicator in the tamoxifen alone group.
TS, but not TP or DPD, may be a useful predictor of response

to UFT therapy. After 2 years, the RPV of TS decreased with
time, suggesting that 2 years of treatment with oral fluorouracil
derivatives may be inadequate. Further studies are required to
investigate this possibility. 

Introduction

UFT is an oral formulation combining tegafur, a prodrug of
5-fluorouracil, with uracil, an inhibitor of dihydropyrimidine
dehydrogenase (DPD), the rate-limiting enzyme governing
the metabolism of 5-fluorouracil. Recently, many studies have
demonstrated that adjuvant treatment with tegafur-uracil (UFT)
is effective against lung cancer and other types of solid tumors
(1-4). In breast cancer, the therapeutic usefulness of adjuvant
chemotherapy with tegafur preparations has been studied
in Japan and other countries for more than 20 years (5,6).
Recently, Noguchi et al (7) reported the results of a pooled
analysis of 6 randomized clinical trials in women with node-
negative breast cancer. Their analysis demonstrated that
survival was significantly longer in patients who received
UFT than in those who did not. In addition, the effects of
combined treatment with UFT and tamoxifen were found
to be additive. These findings suggested that UFT may be
useful for the management of primary breast cancer, although
controlled studies with commonly used regimens for poly-
chemotherapy, such as anthracycline plus cyclophosphamide
(AC) and cyclophosphamide plus methotrexate plus fluoro-
uracil (CMF), have yet to be reported. 

Recent studies have shown that S-1, a combination of
tegafur and 5-chloro-2,4-dihydropyrimidine (CDHP), a more
potent inhibitor of DPD than uracil, has high antitumor activity
against metastatic breast cancer (8). Other studies with 5-
fluorouracil derivatives have demonstrated that combined
treatment with capecitabine and docetaxel significantly
prolongs survival among women with anthracycline-resistant
breast cancer, as compared with docetaxel alone (9). Various
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trials are now being performed in preoperative or postoperative
settings (10). These drugs will most likely play an important
role in the future treatment of breast cancer. The benefits of
oral 5-fluorouracil derivatives would be further enhanced by
the ability to predict response, thereby identifying patients
most likely to benefit from treatment and increasing the
benefit-risk ratio.

Various approaches have been proposed to predict the
response to oral 5-fluorouracil derivatives. Experimental and
clinical evidence has suggested that tumor levels of enzymes
involved in nucleoside metabolism, such as thymidylate
synthase (TS), thymidine phosphorylase (TP), and dihydro-
pyrimidine dehydrogenase (DPD), may be useful for predicting
the response to oral 5-fluorouracil derivatives. Predictive
accuracy may be further enhanced by using these enzymes in
conjunction with other molecular markers.

We retrospectively examined whether the expression of the
3 enzymes TS, DPD, and TP and that of the oncogene HER2
and the tumor-suppressor gene p53 in breast cancer tissue could
be used to predict the response to treatment with tamoxifen plus
UFT. Resected tissue specimens were obtained from women
with breast cancer who were enrolled in the 3rd Adjuvant
Chemo-Endocrine Therapy for Breast Cancer (ACETBC)
trials, randomized controlled studies comparing tamoxifen
alone with tamoxifen plus UFT after surgery. 

Patients and methods 

Combined analysis of three randomized trials. A meta-analysis
of 5 randomized controlled trials (n=1987) performed by the
ACETBC study group in Japan has shown that the reduction
in the risk of recurrence after treatment with UFT was 21±11%
(P=0.06) in women with stage I to IIIA breast cancer who
underwent mastectomy (5). 

Three of these trials examined the effect of adding UFT
(300-400 mg/day) to tamoxifen (20-30 mg/day) in women with
estrogen-receptor (ER)-positive tumors who postoperatively
received adjuvant chemotherapy for 2 years. ER status was
determined at each center. Either biochemical (enzyme
immunoassay) or immunohistochemical techniques were
used. In 2 of these trials, mitomycin C (10 mg/m2) was given
intravenously on the day of surgery. Combined analysis of
these 3 trials (n=1225; median follow up, 5.7 years) was
performed according to the method of Peto (Fig. 1). The
reduction in the risk of recurrence after treatment with UFT
plus tamoxifen was found to be 26±12% (p=0.037). Subset
analyses of pooled data in the 3 trials showed that UFT was
most effective in premenopausal women with metastases to
the axillary lymph nodes (reduction in odds of recurrence,
35±17%).We retrospectively studied the predictive values of
biomarkers of response in this patient subset.

Immunohistochemically studied biomarkers
Collection of tumor samples. A list of subjects was submitted
to centers that had agreed to participate in this biomarker study
and had registered at least 5 patients to the 3rd ACETBC study.
All available paraffin-embedded samples were sent from the
centers to the operational office by mail. The samples were
stored at room temperature until predictive markers were
evaluated. 

Immunohistochemical labeling
Antibodies. TS polyclonal antibody RTSSA (dilution, 1:100;
Taiho Pharmaceutical Co., Ltd., Tokyo, Japan), TP monoclonal
antibody TMA-1 (dilution, 1:100; Taiho Pharmaceutical Co.,
Ltd.), DPD polyclonal antibody RDPDPA (dilution, 1:100;
Taiho Pharmaceutical Co., Ltd.), HER2 polyclonal antibody
A0485 (Dako, Carpinteria, CA, USA; dilution, 1:100), and
p53 (DO7) monoclonal antibody (Novo-castra, Newcastle,
UK; dilution, 1:40) were used for immunohistochemical
analyses.

Immunohistochemical analyses. Immunohistochemical
analyses were performed at a single central laboratory using
the antibodies described above and mouse IgG (Dako) as
negative control. An indirect avidin-biotin-peroxidase method
was used. Briefly, deparaffinized tissue sections were treated
with 0.3% hydrogen peroxide in methanol to block endogenous
peroxidase activity. After washing with phosphate buffered-
saline (PBS) containing 0.05% Tween-20, the sections were
treated with 1.5% normal horse serum in PBS and incubated
with each of the antibodies or with mouse IgG for 1 h at
room temperature. The sections were washed again with
PBS, incubated with biotinylated anti-mouse IgG (Dako)
for 30 min, washed again with Tween-20-PBS, incubated
with an elite ABC kit (Vector, Burlingame, CA, USA) for
30 min, and visualized with the use of 3,3'-diaminobenzidine
tetrahydrochloride-hydrogen peroxide as chromogen. The
sections were then counterstained with hematoxylin,
dehydrated, and mounted.

Evaluation of staining. The slides were evaluated independently
by 3 experienced pathologists (A.F., K.M., T.H.) blinded with
regard to treatment group and outcome. Each pathologist
evaluated TS, TP, and DPD on the basis of staining intensity
of the cytoplasm, scored according to a 4-grade scale (0 to 3),
and staining rate, also scored according to a 4-grade scale
(≤25%, 0; >25% to ≤50%, 1; >50% to ≤75%, 2; and >75%, 3).
The scores agreed on by 2 or more of the pathologists were
adopted. Concordance rates of the evaluations among 2 or
more pathologists were as follows: TS, staining intensity 95%,
staining rate 80%; TP, staining intensity 92%, staining rate
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Figure 1. Protocols of the 3rd ACETBC trial.
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87%; and DPD, staining intensity 94%, staining rate 89%.
The median score was adopted if all 3 pathologists disagreed
on the score. Cases were considered positive if the staining
intensity was ≥2, and the staining rate was 3 (staining rate,
>75%).

HER2 was evaluated on the basis of staining of the
membrane, and p53 was evaluated on the basis of staining of
nuclei. The results were considered positive if the staining rate
was ≥1%. The evaluation agreed on by 2 or more pathologists
was adopted (concordance rates among the evaluations of the
3 pathologists were as follows: HER2, 89%; and p53, 72%).

Statistical analysis. Relapse-free survival was the outcome
used to assess treatment efficacy and was defined as the interval
elapsed between the date of surgery and the date of documented
disease relapse or death. Relapse-free survival was calculated
by the Kaplan-Meier method. Differences between groups in
Kaplan-Meier estimates of relapse-free survival were evaluated
with the log-rank test and generalized Wilcoxon test. Risk

ratios (RR) were estimated from Cox proportional-hazards
regression models. No overall survival analysis was performed
in the subgroups of patients identified by the evaluated
biological markers because of the small numbers of events in
each treatment group. Cox proportional-hazards regression
models were also used to test for interactions between
biomarkers and treatment. 

Relative predictive values (RPV) were determined with use
of the following equation, modified from the method described
by Hayes (11): RPV for events in the tamoxifen + UFT group
was compared with those in the tamoxifen alone group = Log
(RR when tumors stained negatively for biomarkers/RR
when tumors stained positively for biomarkers). Differences
in distributions between groups were compared with the
use of the χ2 test. Differences were considered statistically
significant when p-values were <0.05, and all reported p-values
are two-tailed. All analyses were carried out with SAS software
(version 6.12).

Results

Collection of samples. Samples collected from 192 (97 given
tamoxifen and 95 given tamoxifen plus UFT) of the 204 women
at the centers were assessable. There were no significant
differences between the groups in demographic characteristics
(age, tumor size, number of lymph node metastases) (Table I).
The hazard ratio of the effect of adding UFT to tamoxifen
was 0.70 (95% confidence interval, 0.39 to 1.22) (log-rank
test, p=0.21; Wilcoxon test, p=0.10) (Fig. 2).

Expression of biomarkers. The rates of positive staining were
as follows: TS, 55% (105/192); TP, 39% (75/192); DPD, 64%
(123/192); HER2, 15% (28/192); and p53, 33% (63/192).
The expression rates of these biomarkers were similar in
the tamoxifen group and the tamoxifen plus UFT group
(Table I).

Relation between relapse-free survival and expression of
biomarkers in tumors. Demographic characteristics were
similar in women whose tumors stained positively for each
biomarker (TS, TP, or DPD) and those whose tumors stained
negatively for each biomarker. Univariate analyses showed
no significant differences in relapse-free survival between
women whose tumors stained positively for TS, TP, or
DPD and those whose tumors stained negatively for these 3
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Table I. Patients' characteristics in the biomarker study. 
–––––––––––––––––––––––––––––––––––––––––––––––––

TAM group UFT group p-value
(n=97) (n=95)

–––––––––––––––––––––––––––––––––––––––––––––––––
Age
≤50 89 89 0.78
>51 8 6

Number of nodes involved
1-3 65 73 0.15
≥4 32 22

Tumor size
<2 cm 23 24 0.87
≥2 cm 74 71

TS expression
Positive 57 48 0.31
Negative 40 47

TP expression
Positive 36 39 0.86
Negative 61 56

DPD expression
Positive 57 66 0.13
Negative 40 29

HER2 expression
Positive 14 14 1.00
Negative 83 81

p53 expression
Positive 30 33 0.85
Negative 67 62

–––––––––––––––––––––––––––––––––––––––––––––––––
All patients had estrogen receptor-positive tumors and were pre-
menopausal.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Relapse-free survival (RFS) according to study group (n=192).
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biomarkers in either treatment group. Women whose tumors
stained positively for HER2 or p53 in the tamoxifen alone
group had significantly poorer outcomes than those whose

tumors stained negatively for these biomarkers. HER2 and
p53 were not significant prognostic factors in the tamoxifen
plus UFT group (Fig. 3). 
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Figure 3. (A) Relation between relapse-free survival (RFS) and tumor expression of thymidylate synthase (TS), thymidine phosphorylase (TP), and
dihydropyrimidine dehydrogenase (DPD) according to treatment. (B) Relation between relapse-free survival and tumor expression of HER2 and p53
according to treatment.
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Relation between expression of biomarkers in tumors and
effect of adding UFT to tamoxifen
TS. In women with TS-positive tumors, the risk ratio of the
effect of adding UFT to tamoxifen was 0.48 (95% confidence
interval, 0.20 to 1.07), and response differed significantly
between women given tamoxifen alone and those given
tamoxifen plus UFT (p=0.04 by the generalized Wilcoxon
test, p=0.08 by the log-rank test). In women with TS-negative
tumors, however, there was no significant difference in
response (hazard ratio, 1.00; 95% confidence interval, 0.44-
2.36). Interaction testing showed that the expression of TS
was not significantly related to the effect of UFT (p=0.22)
(Fig. 3, Table II). 

TP. The risk ratio of the effect of adding UFT to tamoxifen
was 0.80 (95% confidence interval, 0.28-2.23) in women
with TP-positive tumors and 0.66 (95% confidence interval,
0.33-1.30) in women with TP-negative tumors. There were
no significant differences in response between the treatment
groups. Interaction testing showed no significant relation
between the expression of TP and the effect of UFT (p=0.76)
(Table II). 

DPD. The risk ratio of the effect of adding UFT to tamoxifen
was 0.75 (95% confidence interval, 0.37-1.52) in women with
DPD-positive tumors and 0.61 (95% confidence interval,
0.21-1.56) in those with DPD-negative tumors. There were
no significant differences between the treatment groups.
Interaction testing showed that the expression of DPD was not
significantly related to the effect of UFT (p=0.73) (Table II). 

HER2. The risk ratio of the effect of adding UFT to tamoxifen
was 0.59 (95% confidence interval, 0.17-1.86) in women
with HER2-positive tumors and 0.72 (95% confidence interval,
0.37-1.37) in those with HER2-negative tumors. There were
no significant differences between the treatment groups.
Interaction testing showed that the expression of HER2 was
not significantly related to the effect of UFT (p=0.77)
(Table II). 

p53. The hazard ratio of the effect of adding UFT to tamoxifen
was 0.57 (95% confidence interval, 0.25-1.28) in women
with p53-positive tumors and 0.78 (95% confidence interval,
0.35-1.72) in women with p53-negative tumors. There were
no significant differences between the treatment groups.
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Table II. Relative risk (TAM+UFT vs. TAM) according to biomarker expression.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Biomarker Biomarker positive Biomarker negative Interaction 

––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––
RR 95% CI p-value RR 95% CI p-value p-value

(G. Wilcoxon test) (G. Wilcoxon test)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TS 0.48 0.20-1.07 0.04 1.00 0.44-2.36 1.00 0.22
TP 0.80 0.28-2.23 0.60 0.66 0.33-1.30 0.124 0.76
DPD 0.75 0.37-1.52 0.29 0.61 0.21-1.56 0.222 0.73
HER2 0.59 0.17-1.86 0.19 0.72 0.37-1.37 0.220 0.77
p53 0.57 0.25-1.28 0.09 0.78 0.35-1.72 0.418 0.59
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
RR, relative risk by addition of UFT to TAM; TS, thymidylate synthase; TP, thymidine phosphorylase; DPD, dihydropyrimidine dehydrogenase.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Comparison of relapse-free survival (RFS) between TAM and TAM+UFT treatment according to thymidylate synthase (TS) status.
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Interaction testing demonstrated no relation between the
expression of p53 and the effect of UFT (p=0.58) (Table II). 

Changes in RPV. Changes in the RPV of each biomarker over
time are shown in Fig. 5. (The RPV at 1 year could not be
determined because some subgroups of patients had no events
at 1 year.) The RPV of TS gradually decreased with time for up
to 4 years (0.57 at 2 years, 0.34 at 3 years, and 0.29 at 4 years),
and was 0.32 at 5 years. The absolute value for the RPV of
TP gradually decreased over time (-0.67 at 2 years, -0.34 at 3
years, -0.12 at 4 years, and -0.08 at 5 years). The RPV of DPD
was approximately 0 for up to 5 years (-0.14 at 2 years, 0.08
at 3 years, 0.05 at 4 years, and -0.09 at 5 years). The RPV of
HER2 was 0.20 at 2 years, 0.43 at 3 years, 0.36 at 4 years,
and 0.09 at 5 years. The RPV of p53 was -0.41 at 2 years,
0.34 at 3 years, 0.36 at 4 years, and 0.14 at 5 years. 

Discussion

We immunohistochemically studied whether the biomarkers
TS, TP, DPD, HER2, and p53 could be used to predict the
effect of adding UFT to tamoxifen in women with breast
cancer who underwent mastectomy. In women with TS-
positive tumors, relapse-free survival was significantly better
in the tamoxifen plus UFT group than in the tamoxifen group,
whereas there was no significant difference between the
treatment groups in women with TS-negative tumors. These
results suggest that TS can be used to predict the response to

UFT plus tamoxifen, although interaction testing showed no
significant interaction between TS expression and treatment
response.

Several studies have reported that TS can be used to predict
the response to 5-fluorouracil-based adjuvant chemotherapy
in patients with colorectal cancer (12-15). These studies
consistently found that 5-fluorouracil-based chemotherapy was
ineffective for patients with TS-negative tumors, but effective
for patients with TS-positive tumors. Pestalozzi et al (16)
examined whether TS could be used to predict treatment
response in women with breast cancer who were enrolled
in a randomized controlled trial (the International Breast
Cancer Study Group-V) comparing 1 course of CMF given
perioperatively with 6 courses of CMF given postoperatively.
Their results showed that suppression of recurrence after 6
courses of postoperative CMF was superior to that after 1
course of perioperative CMF only among women who had
TS-positive tumors. Our results are in accordance with
their findings. TS, an enzyme involved in DNA synthesis,
catalyzes the methylation of deoxyuridine monophosphate to
produce deoxythymidine monophosphate. TS is targeted by
5-fluorouracil. 

Most experimental studies using cell lines and studies of
metastatic cancers (17) have shown that high TS expression
is associated with a low antitumor response to 5-fluorouracil,
a finding that conflicts with the results of studies in an adjuvant
setting. Recent experimental studies by Rahman et al (18) have
reported that TS has oncogene-like properties. Overexpression
of TS under the condition of serum deprivation was clearly
demonstrated to induce apoptosis. Therefore, overexpression
of TS due to tumor-related or environmental factors may
alter the response to 5-fluorouracil-based chemotherapy. In
addition, a recent investigation found that tamoxifen up-
regulates TS (19). This phenomenon may have a part in the
enhanced response to adjuvant chemotherapy with tamoxifen
plus UFT. 

TP expression was not significantly related to the effect
of adding UFT to tamoxifen. TP is an enzyme involved in
nucleoside metabolism, antiapoptosis activity, and the
promotion of neovascularization. It also converts capecitabine,
a prodrug of 5-fluorouracil, and 5'-deoxy-5-fluorouridine
(5'-DFUR), an intermediate metabolite of capecitabine, to 5-
fluorouracil. Many basic and clinical trials have reported the
relation between TP expression and the effects of capecitabine
and 5'-DFUR (10). Tominaga et al (20) immunohisto-
chemically studied the relation between TP expression and
the response to 5'-DFUR in women with early breast cancer
who were enrolled in a randomized controlled trial comparing
surgery alone with postoperative adjuvant chemotherapy
with 5'-DFUR. They concluded that TP expression can be
used to predict the response to 5'-DFUR. UFT is a prodrug
of 5-fluorouracil, combining tegafur with uracil. Tegafur is
converted to 5-fluorouracil principally by liver cytochrome
CYP2A6 (21). This mechanism may account for the lack of a
relation between TP expression and the effect of adding UFT
to tamoxifen in this study.

DPD expression in tumors was also not significantly
related to the effect of adding UFT to tamoxifen. DPD,
present mainly in the liver, is a rate-limiting enzyme that
inactivates 5-fluorouracil. DPD activity in tumors is related
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Figure 5. (A) Change in relative predictive values (TS, TP, and DPD). (B)
Change in relative predictive values (HER2 and p53). Relative predictive
value: log [RR of marker (-)/RR of marker (+)]. RR: risk ratio (TAM vs.
TAM+UFT).
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to sensitivity to 5-fluorouracil. Tumors with high DPD
expression are thought to respond poorly to 5-fluorouracil
derivatives. Indeed, some studies have reported that sensitivity
to capecitabine or doxifluridine is governed by DPD (22-24).
UFT contains uracil, an inhibitor of DPD, and may be effective
against tumors with high expression levels of DPD (25). This
characteristic may account for the fact that the effect of adding
UFT to tamoxifen was unrelated to tumor DPD expression. 

The expression of HER2 and of p53 was also unrelated to
the effect of adding UFT to tamoxifen. Previous studies have
reported that the expression of HER2 and p53 is related to
the response to anthracycline-based chemotherapy (26,27).
However, our study suggests that these factors do not influence
the response to UFT. HER2 and p53 were significant prog-
nostic factors in the tamoxifen alone group. Because we did
not evaluate these factors in the groups not given tamoxifen,
we cannot be certain, but our results suggest that HER2 and
p53 are predictive markers of the response to treatment with
tamoxifen alone. This notion is supported by the findings of
Carlomagno et al (28), who reported that overexpression of
HER2 is related to the response to tamoxifen in women with
breast cancer. 

Hayes described a method for quantifying the pure
predictive values of biomarkers for forecasting treatment
response (11). He used risk ratio (RR) in a treated group
relative to that in a control group for subgroups of patients
whose tumors were positive or negative for a given biomarker.
The RR was used in the following equation to derive the
RPV of the biomarker: RPV = [1 - RR (biomarker-positive
tumors)]/[1 - RR (biomarker-negative tumors)]. Because
RR was often >1 for patients with either biomarker-positive
or -negative tumors, we modified Hayes' method and used
the following equation: RPV = log [RR (biomarker-negative
tumors)]/[RR (biomarker-positive tumors)]. The RPV scores
were calculated and plotted over time to examine the time
course of the RPV (Fig. 4). The RPV was positive if the
treatment response was greater when tumors were biomarker
positive. Conversely, the RPV was negative if the treatment
response was greater when tumors were biomarker negative. 

The higher the absolute value of the RPV, the stronger
was the power to predict treatment response. Because the
natural logarithm was used, the predictive power can be
considered weak if the absolute value was <0.3 and strong
if the absolute value was ≥0.5. The RPV of TS was 0.57 at
2 years and was then gradually decreased with time, but
remained at >0.3 at 5 years. These data suggest that TS is a
pure predictive factor of the response to UFT. 

A likely explanation for the reduction in the RPV of TS
with time is that the magnitude of the effect of adding UFT to
tamoxifen decreased from year 2 onward. A recent overview
of randomized trials of adjuvant therapy compiled by the Early
Breast Cancer Trialists' Collaborative Group (EBCTCG) (29)
showed that the response to poly-chemotherapy, including
regimens such as AC and CMF, diminishes with time,
suggesting that this phenomenon is commonly associated
with chemotherapy. In the studies analyzed, both tamoxifen
and UFT were given for 2 years. Treatment response may
persist if UFT is continued for more than 2 years. However,
these data should be interpreted with caution because specific
subgroups of patients were studied retrospectively. 

The RPV of TP was -0.69 at 2 years, and the absolute
values were low at 4 and 5 years (-0.12 and -0.08, respectively).
As mentioned previously, TP was not a statistically significant
predictive factor in our study, but there was a trend toward a
higher additive effect of UFT when TP was negative. The RPV
of DPD consistently remained at approximately 0, suggesting
that the value of DPD for predicting the response to UFT was
low. 

The RPVs of HER2 and p53 were >0.3 at 3 and 4 years,
but neither of these biomarkers were significant predictive
factors in our study. This is attributed to the fact that positive
rates for HER2 and p53 were low in our study, thereby
diminishing statistical power. Interestingly, the time courses
of the RPVs of these markers differed from those of TS and
TP.

Our results suggested that the expression of TP and DPD,
factors related to the response to capecitabine, do not influence
the response to UFT. Therefore, different types of oral
fluorouracil derivatives may be most effective in distinct
subgroups of patients. In the future, expression of TS, DPD,
and TP might be useful for selecting patients most likely to
respond to tegafur-based oral fluorouracil derivatives, such as
UFT and S-1, and those more likely to respond to capecitabine. 

At present, however, breast cancer is often treated by a
multidisciplinary approach. Care should be exercised when
using oral fluorouracil derivatives in combination with other
anticancer drugs because the latter may modify nucleoside-
metabolizing enzymes, thereby affecting the metabolism of
fluorouracil (30). The measurement of biomarkers before and
after treatment may also have an important role in the selection
of preoperative chemotherapy. 

An important limitation of our study was the retrospective
design and the inclusion of only a subset of patients (node-
positive premenopausal women) who were enrolled in
randomized controlled trials. Our results must therefore be
verified in prospective randomized controlled studies in
which women with breast cancer are assigned to adjuvant
treatment on the basis of the prior determination of biomarker
levels. 
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