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Abstract

Purpose The primary purpose of this study was to eval-
uate the role of thymidylate synthase (TS) and thymidine
phosphorylase (TP) as biomarkers to predict clinical out-
comes of capecitabine monotherapy in patients with
anthracycline- and taxane-pretreated metastatic breast
cancer (MBCO).

Methods Of the patients who were previously treated
with anthracycline and taxane regimens, 90 patients who
had available tissue block for immunohistochemistry with
measurable lesions were included. All patients received

capecitabine (2,500 mg/m?*/day) for 14 days every
3 weeks.
Results High TS expression was more common among

patients with triple-negative (TN) subtype than among
patients with other subtypes (33% for hormone receptor,
8% for HER2+, and 58% for TN, P = 0.023). The median
PFS was significantly lower in patients with high TS (6.6
vs. 3.0 months; P = 0.017) and low TP expressions (6.0
vs. 3.3 months; P = 0.013). A high TS and a low TP
expressions were identified as unfavorable independent risk
factors for PES to capecitabine monotherapy in multivari-
ate analysis (hazard ratio [HR], 1.7, P = 0.037 for high TS
score; HR, 1.8, P = 0.014 for low TP score).
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Introduction

Capecitabine, one of the most widely used cytotoxic agents
for the treatment of breast cancer, achieves a high tumor
control rate with low toxicity, even in heavily pretreated
patients with metastatic breast cancer (MBC). Capecitabine
with or without ixabepilone is approved by the Food and
Drug Administration for the treatment of metastatic breast
cancer (MBC) after the use of an anthracycline and taxane
regimen, or in patients for whom anthracycline therapy is
contraindicated [1-5]. Capecitabine, an oral fluoropyrimi-
dine prodrug, is metabolized to 5-fluorouracil (FU) through
several steps, the last of which is conversion of 5'-deoxy-5-
fluorouridine to 5-FU by thymidine phosphorylase (TP). TP
expression has been observed in many normal human tis-
sues [6]. Because TP is overexpressed in several tumor
tissues, capecitabine can be selectively activated in tumor
tissues and affect tumor cells [7-10]. TP is the rate-limiting
enzyme in the activation of capecitabine, suggesting that
TP might contribute to the sensitivity of tumors to this
agent [11]. Puglisi et al. suggested that TP may have a
role in predicting the response to capecitabine [12]. They
also published retrospective data regarding TP expression
and the clinical response in patients with MBC treated
with capecitabine and provided further evidence of TP

@ Springer



744

Cancer Chemother Pharmacol (2011) 68:743-751

expression in patients with MBC as a biomarker of sensi-
tivity to capecitabine treatment. However, the predictive
role of TP in patients with breast cancer is still needed to be
proven.

Thymidylate synthase (TS) catalyzes the conversion of
deoxyuridine monophosphate (dTUP) to deoxythymidine
monophosphate (d{TMP)—the critical source of thymidine
nucleotides for DNA synthesis and repair. TS is the target
enzyme for 5-FU; the activity of TS is inhibited by the
action of the 5-FU metabolite and 5-fluoro-deoxyuridine-
monophosphate (FAUMP). Several studies have demon-
strated that high TS levels correlate with 5-FU resistance in
various malignancies, especially in colorectal cancer [13—
17]. However, the predictive role of TS expression in
response to capecitabine in patients with MBC has not been
clearly documented [18].

On the basis of the mechanism of action of capecitabine
and previous data of TP and TS, we hypothesized that
tumors with high TP expression are more likely to respond
to capecitabine, and tumors with high TS expression are
more resistant to capecitabine. Because prior chemotherapy
before the use of capecitabine can affect TP expression
[19], we confined the study population to those patients
who were pretreated with an anthracycline- and taxane-
based regimen. The purpose of the present study was to
evaluate the predictive role of TS and TP in capecitabine
monotherapy for anthracycline- and taxane-pretreated
patients with MBC.

Patients and methods
Patients

Patients with MBC were treated with capecitabine after
anthracycline- and taxane-containing regimens at the
Samsung Medical Center from 2000 to 2008 were analyzed
for this study. All pathologic specimens were reviewed by
two experienced pathologists who determined the primary
tumor characteristics (histologic and nuclear grade), and
the receptor status of ER, PgR, and HER2 using THC
staining. ER- and PgR-positivity was defined as having an
Allred score from 3 to 8 by IHC using antibodies to ER
(Immunotech, France) and PgR (Novocastra, UK). HER2
status was evaluated using antibody (DAKO, USA) and/or
fluorescence in situ hybridization (FISH). Grades 0 and 1
for HER2 by IHC were defined as a negative result, and
grade 3 as a positive result. Amplification of HER2 was
confirmed by FISH if HER2 was rated 2+ by IHC. The
patients were divided into 3 groups according to their ER,
PgR, and HER2 status: hormone receptor (HR)-positive
group, HER2-positive group, triple-negative group. The
hormone receptor (HR)-positive group was defined as ER
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and/or PgR-positive irrespective of HER2 status. The
HER2 group was defined as HR-negative and HER2-
positive patients. The triple-negative breast cancer (TNBC)
group was defined as ER-negative, PR-negative, and
HER2-negative. Our study protocol was approved by the
Institutional Review Board of Samsung Medical Center.

Treatment

All patients received capecitabine (2,500 mg/m*/day) for
2 weeks with 1 week rest every 3 weeks till progression or
unacceptable toxicity or patient’s refusal. When grade 2 or
more hematologic or non-hematologic toxicities including
hand-foot syndrome were developed, doses were reduced
to 2,000 mg/m?/day of capecitabine. When these toxicities
were repeated twice, treatment was delayed for 1 week.

Response and survival assessment

Patients were evaluated at baseline and after every two
cycles of treatment with capecitabine. The response was
evaluated according to RECIST. The response rate (RR)
reflects the proportion of complete response (CR) and
partial response (PR), and disease control rate (DCR)
reflects the proportion of CR, PR, and stable disease (SD).
The progression-free survival (PFS) was defined as the
time from the start of capecitabine monotherapy to the time
of first documentation of progressive disease (PD) or death
from any cause, and overall survival (OS) as the time from
the start of capecitabine monotherapy to death or last fol-
low-up.

Immunohistochemical staining and scoring

Tumor specimens from patients who were diagnosed based
on histologic samples were evaluated for biomarker anal-
yses. Full specimen sections (4 pum thick) were cut from
paraffin blocks and mounted on adhesive-coated or
charged-glass slides. An IHC method was used to deter-
mine the level of protein expression for TS and TP as well
as ER, PgR, and HER2.

IHC staining was performed using the streptavidin—
biotin complex method and the TechMate™ 1,000
automated staining system (DakoChemmate, Glostrup,
Denmark). Primary antibodies and the working dilutions
used were as follows: TS mouse monoclonal antibody
(mAb; clone TS106/4H4B1, 1:50 dilution in Tris/EDTA
buffer [pH 9.0]; Zymed, San Francisco, CA, USA) and TP
mouse mAb (PGF.44C, 1:100 dilution; NeoMarkers, Fre-
mont, CA, USA). Deparaffinized sections were treated with
3% hydrogen peroxide in methanol for 10 min to inhibit
endogenous peroxidase. Sections were immersed in 0.01 M
citrate buffer (pH 6.0) and heated in a pressure cooker for
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30 min. Sections were then incubated with primary antibody
for 50 min at room temperature. Each section was treated
sequentially with biotinylated secondary antibody (anti-mouse
immunoglobulin) and streptavidin-peroxidase complex
(DakoChemmate). 3,3’-diaminobenzidine tetrahydrochlo-
ride was used as a chromogen, and Mayer’s hematoxylin
counterstain was applied. Negative controls (isotype-
matched irrelevant antibody) were run simultaneously.

The slides were assessed without knowledge of the
clinical outcome by two experienced pathologists. TS and
TP protein expression was detected in both cytoplasm and
nucleus.

The intensity and extent of the IHC staining was graded
on a semi-quantitative scale from 0 to 3, as follows: 0 = no
staining; 1 = weak staining; 2 = strong staining; and
3 = very strong staining. The area of most intense staining
was graded on a scale from O to 4, in which 0 = no
staining, 1 = 0-10% staining of tumor cells, 2 = 10-25%
staining of tumor cells, 3 = 25-50% staining of tumor
cells, and 4 = >50% staining of tumor cells. A TS score
was calculated by multiplying the intensity and extent
grades. The intensity and percentage grades were multi-
plied, and these products were named “score.” The TS
level of expression was defined as positive if the score was
>100, and the TP level of expression if the score was >50.
These numbers were approximate values of their means.

Statistical analysis

The X test or Fisher’s exact test was used to study the
association between the expression of TP or TS and other
variables. The cutoff values of TP and TS scores were
searched though receiver operating characteristic (ROC)
curves analysis. The PFS and OS were estimated by the
Kaplan-Meier product limit method. The log-rank test
was used to compare survival rates. A P value <0.05
was considered significant. A Cox proportional hazards
regression model was used to assess the effect of each
potential predictive variable on the PFS. All potential
prognostic variables were included in the model, and the
variables were then removed from this model one at a time
in a backward selection process using the likelihood ratio
test and a significance level of 0.05.

Results

Patient cohort (Fig. 1)

We identified 243 patients who received a capecitabine
monotherapy after anthracycline- and taxane-containing

regimens for the treatment of MBC at Samsung Medical
Center from 2000 to 2008. After excluding 110 patients

243 MBC patients who received palliative
itabil therapy after yeli
regimens from 2000 to 2008

P

110 patients
without measurable lesion
or not evaluable

133 patients
with measurable lesion(s)

43 patients
tumor ti were not
available for IHC

h,

90 patients
who has available tissue for IHC

Fig. 1 Patients’ cohort

who were not evaluable for response or did not have any
measurable lesion, 133 patients were remained. Of these
133 patients, 90 patients who had available tissues for IHC
were identified as our final patients’ cohort (Fig. 1).

Patient characteristics (Table 1)
The median age at diagnosis was 49 years (range,

26-76 years), and the median duration of capecitabine
treatment was 3.6 months (range, 1.0-33.5 months). Of the

Table 1 Patients’ characteristics

No. of patients %

Median age (years) 48.5 (range: 26-76)

Median duration of Tx (months) 3.6 (range: 1.0-33.5)

Subtype
HR+ 49 54.4
HER2+ 9 10.0
TN 32 35.6
TS score >100 24 26.7
TP score <50 49 54.4
Chemotherapy line
Ist 20 222
2nd 31 344
>3rd 39 433
Metastatic organs
Liver 13 14.4
Lung 25 27.8
Bone 28 31.1
Bone marrow 5 5.6
Brain 3 33
Lymph nodes 24 26.7
Skin 8 8.9
Soft tissue 2 2.2
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90 patients, 54.4% were HR-positive group, 10% were
HER2-positive and HR-negative group, and 35.6% were
both HR-negative and HER2-negative (triple negative)
group. Of the 90 patients, 22.2% received capecitabine as
first-line chemotherapy in metastatic setting, 34.4% as
second-line, and 43.3% as third-line chemotherapy. The
most frequent site of metastasis was bone (31.1%), fol-
lowed by lung (27.8%), lymph nodes (26.7%), and liver
(14.4%).

Level of TS and TP expression, and the clinical
characteristics (Fig. 2; Table 2)

The cutoff values of TS and TP scores using ROC curves
were 100 and 50, respectively (AUC; 0.643 for TS score,
0.544 for TP score).

Among the 90 patients, high TS expression was found in
26.7%, while low TP expression was found in 54.4%.
Neither age nor line of chemotherapy after metastasis was
different between the high and low TS expression groups.
Notably, high TS expression (TS score >100) was more
common in patients with the triple-negative (TN) subtype
than in those with other subtypes (16% for HR+, 22% for
HER2+, and 44% for TN, P = (0.023). All metastatic sites
were not different between the high and low TS expression
groups, except the brain, in which all three of the patients
had high TS expression.

The level of TP expression had no correlation with age,
line of chemotherapy after metastasis, tumor subtypes, and
metastatic sites.
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Clinical response to capecitabine (Table 3)

The duration of response to capecitabine treatment was
2.1 months in the high TS expression group, and
4.0 months in the low TS expression group (P = 0.007).
The overall response rate (ORR) was 8.3% in the high TS
expression group, and 31.8% in the low TS expression
group (P = 0.024). The disease control rate was lower in
the high TS expression group than the low TS expression
group (45.8% vs. 72.7%, P = 0.018). The ORR and dis-
ease control rate (DCR) were not significantly different
between the high and low TP expression groups.

Progression-free survival analysis (PFS; Fig. 3)

The median PFS was 3.0 months (range, 1.8—4.2 months)
in the high TS expression group and 6.6 months
(3.5-9.7 months) in the low TS expression group (Fig. 3a).
The difference between the two groups was statistically
significant (P = 0.017). The median PFS was significantly
shorter in the low TP expression group compared with the
high TP expression group (4.4 vs. 6.0 months, P = 0.013,
Fig. 3B).

Overall survival analysis (OS; Fig. 4)

The median OS was 14.1 months (range, 9.8—18.4 months)
in the high TS expression group and 29.9 months
(21.8-38.0 months) in the low TS expression group
(Fig. 4a). The difference between the two groups was
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Table 2 Level of TS, TP expressions, and clinical characteristics
Thymidylate synthase (TS) expression Thymidine phosphorylase (TP) expression Total
TS < 100 TS > 100 P value TP < 50 TP > 50 P value V=20
(N = 66) (N =24 (N =49) (N =41)
Age 48.0 (33-76) 49 (26-66) 0.609 46.0 (26-67) 49.0 (33-76) 0.386 48.5 (26-76)
ChemoTx line 0.261 0.447
1st 12 (18.2%) 8 (33.3%) 9 (18.4%) 11 (26.8%) 20 (22.2%)
2nd 25 (37.9%) 6 (25.0%) 16 (32.7%) 15 (36.6%) 31 (34.4%)
>3rd 29 (43.9%) 10 (41.7%) 24 (49.0%) 15 (36.6%) 39 (43.3%)
Subtype 0.023 0.182
HR+ 41(62.1%) 8 (33.3%) 23 (46.9%) 26 (63.4%) 49 (54.4%)
HER2+ 7 (10.6%) 2 (8.3%) 7 (14.3%) 2 (4.9%) 9 (10.0%)
TN 8 (27.3%) 14 (58.3%) 19 (39.8%) 13 (31.7%) 32 (35.0%)
Metastasis
Liver 10 (15.2%) 3 (12.5%) 0.897 8 (16.3%) 5 (12.2%) 0.579 13 (14.4%)
Lung 16 (24.2%) 9 (37.5%) 0.214 17 (34.7%) 8 (19.5%) 0.109 25 (27.8%)
Bone 23 (34.8%) 5 (20.8%) 0.204 16 (32.7%) 12 (29.3%) 0.730 28 (31.1%)
BM 4 (6.1%) 1 (4.2%) 0.834 2 (4.1%) 3 (7.3%) 0.656 5 (5.6%)
Brain 0 (0%) 3 (12.5%) 0.017 0 (0%) 3 (7.3%) 0.091 3 (3.3%)
LN 17 (25.8%) 7 (29.2%) 0.746 15 (30.6%) 9 (22.0%) 0.355 24 (26.7%)
Skin 5 (7.6%) 3 (12.5%) 0.435 5 (10.2%) 3 (7.3%) 0.723 8 (8.9%)
Soft tissue 1 (1.5%) 1 (4.2%) 0.464 1 (2.0%) 1 (2.4%) 0.978 2 (2.2%)

HR+ ER and/or PgR-positive irrespective of HER2 status, HER2+ HR-negative and HER2-positive patients, TN ER-negative, PR-negative, and

HER2-negative

Table 3 TS, TP expressions and response to capecitabine therapy

Total TS < 100 TS > 100 P value TP < 50 TP > 50 P value
(N =90) (N = 66) (N=124) (N =49) (N =41)
Response 0.060 0.212
CR 3 (3.3%) 3 (4.5%) 0 (0%) 0 (0%) 3 (7.3%)
PR 19 (21.1%) 17 (25.8%) 2 (8.3%) 9 (18.4%) 10 (24.4%)
SD 37 (41.1%) 28 (42.4%) 9 (37.5%) 22 (44.9%) 15 (36.6%)
PD 31 (34.4%) 18 (27.3%) 13 (54.2%) 18 (36.7%) 13 (31.7%)
ORR 23 (25.6%) 21 (31.8%) 2 (8.3%) 0.024 10 (20.4%) 13 (31.7%) 0.221
DCR 59 (65.6%) 48 (72.7%) 11 (45.8%) 0.018 31 (63.3%) 28 (68.3%) 0.617

CR complete response, PR partial response, SD stable disease, PD progressive disease, DCR disease control rate

statistically significant (P = 0.008). The median OS was
shorter in the low TP expression group compared with the
high TP expression group with marginal significance (20.4
vs. 29.9 months, P = 0.043, Fig. 4b).

Relationship between therapeutic outcomes
and TP and TS expression (Tables 4, 5)

The clinical factors predicting PFS after capecitabine treat-
ment were detected during univariate and multivariate
analysis are shown in Table 4. Tumor subtype, level of TS
expression, and level of TP expression significantly corre-
lated with the PFS. We performed multivariate analysis and

included the factors that were statistically significant based
on univariate analysis for the PFS. High TS expression (HR,
1.7;95% CI, 1.0-2.9; P = 0.04) and low TP expression (HR,
1.8; 95% CI, 1.1-2.9; P = 0.014) retained statistical sig-
nificance at the multivariate level to predict the PFS.

The patients were classified into four groups according
to the levels (high vs. low) of TS and TP; high TS/high TP
group, high TS/low TP group, low TS/high TP group,
and low TS/low TP group (Fig. 3c). Among four groups,
high TS and low TP group particularly showed shorter PFS
than other groups. So, we compared PFS of high TS and low
TP group with other groups that were got together into one
group. The high TS and low TP group had a shorter PFS than
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Fig. 3 Progression-free survival (PFS) curves according to TS and
TP expressions. a Upper solid line indicates PFS of the patients with
TS < 100, and lower dotted line indicates PFS of the patients with
TS > 100 (median PFS 6.6 vs. 3.0 months, P = 0.017). b Upper
dotted line indicates PFS of the patients with TP < 50, and lower
solid line indicates PFS of the patients with TP > 50 (median PFS 6.0
vs. 3.3 months, P = 0.013). ¢ Upper most semi-dotted line indicates
PFES of the patients with TS < 100 and TP > 50, Solid line indicates

the other 3 groups (Fig. 3d; median PFS, 2.1 months [range,
1.0-4.2 months] vs. 6.0 months [range, 3.8-8.2 months];
P < 0.001). Based on multivariate analysis with tumor
subtype, high TS with low TP expression was the most potent
predictor for a short PES (HR, 3.8; 95% CI, 2.1-6.9).

We also performed OS analysis like PFS analysis as
before. Table 5 showed the univariate and multivariate
analysis of clinical factors for OS. Among them, high TS
(HR, 2.1; 95% CI, 1.1-3.0; P = 0.018) expression and low
TP expression (HR, 1.8; 95% CI, 1.1-3.2; P = 0.032) were
statistically significant at multivariate level to predict OS.
When the patients were divided into four groups according
to TS and TP expression, the high TS and low TP group
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PFS of the patients with TS < 100 and TP < 50, long dotted line
indicates PSF of the patients with TS > 100 and TP > 50, and lower
most short dotted line indicates PFS of the patients with TS > 100
and TP < 50 (median PFS 8.1 vs. 6.0 vs. 4.8 vs. 2.1 months). d Upper
solid line indicates PFS of the patients excluding the patients with
TS > 100 and TP < 50, and lower dotted line indicates PFS of the
patients with TS > 100 and TP <50 (median PFS 6.0 wvs.
2.1 months, P < 0.001)

had shorter OS than the other three groups (Fig. 4d; median
OS, 10.4 months [range, 3.6-17.2] vs. 28.5 [range,
21.7-35.3]; P < 0.001). Like PFS analysis, high TS with
low TP expression was the most potent predictor for a short
OS at multivariate analysis with tumor subtype (HR, 2.9;
95% CI, 1.4-6.0).

Discussion
Our study showed that high TS expression correlates with a

worse response and a shorter PFS than low TS expression,
and high TP expression correlates with a longer PFS than
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Fig. 4 Overall survival (OS)
curves according to TS and TP
expressions. a Upper solid line
indicates OS of the patients with
TS < 100, and lower dotted line
indicates OS of the patients with
TS > 100 (median OS 29.9 vs.
14.1 months, P = 0.008).

b Upper dotted line indicates
OS of the patients with

TP > 50, and lower solid line
indicates OS of the patients with
TP < 50 (median OS 20.4 vs.
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patients with TS > 100 and

TP < 50 (median OS 47.7 vs.
26.7 vs. 21.4 vs. 10.4 months,
P = 0.002). d Upper solid line
indicates OS of the patients
excluding the patients with

TS > 100 and TP < 50, and
lower dotted line indicates OS
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and TP < 50 (median OS 10.4
vs. 28.5 months, P < 0.001)
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low TP expression to capecitabine monotherapy in patients
with anthracycline- and taxane-pretreated MBC. TS and TP
play a key role in 5-FU resistance [8, 10, 13—18, 20].
Our results suggest that a low TS level appears to be
related with a better response rate and a longer PFS than a
high TS level. TS might be associated with a resistant
mechanism of 5-FU. Interestingly, the present study dem-
onstrated that the patients with TNBC had higher levels of
TS than other subtypes (58.3% for TNBC vs. 33.3% for
HER2+ vs. 83% for HR+ve, P = 0.023). This finding
should be evaluated whether or not TS expression is related
with biologic aggressiveness of the tumor. In addition, it
would be possible that poor response to capecitabine
therapy in TNBC might be related with higher levels of TS.
In other words, TS expression could be a mechanism of
capecitabine resistance in TNBC. However, it implies that
TS might have prognostic role regardless of treatment.
These findings also support the notion that HR status could
have a potential role in predicting the benefit of capecita-
bine treatment. Siva et al. examined the predictive factors

Months

T 00

Months

=-=== TS2100 & TP<50
——— The other patients excluding TS =100 & TP<50

of capecitabine treatment in patients with MBC and
reported that only ER-positivity correlated with the
response to capecitabine [21]. Muss et al. compared stan-
dard chemotherapy and capecitabine in early-stage BC
patients >65 years of age and concluded that capecitabine
was inferior to standard chemotherapy, particularly in those
with HR-negative tumors [22]. In addition, it could par-
tially explain resistance of TNBC to many chemothera-
peutic agents as well as 5-FU derivatives.

In contrast, TP is the marker of a more aggressive and
malignant tumor phenotype that has increased resistance to
cytotoxic agents due to the loss of apoptotic potential [18,
19]. Our study demonstrated a significant association
between TP expression and clinical outcome to capecita-
bine chemotherapy. TP expression was shown to have a
trend as a positive predictive factor for the FU response.
These results are consistent with previous reports and
can be explained by the knowledge that high TP levels are
most commonly associated with responsiveness to 5-FU
[18, 23-27].
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Table 4 Univariate and multivariate analysis for PFS

Univariate analysis

No. of Median PFS P value
patients (95% CI)
Subtype 0.007
HR+ 49 8.0 (4.3-11.7)
HER2+ 9 3.6 (3.2-4.0)
TN 32 3.5(1.8-5.2)
TS 0.017
<100 66 6.6 (3.5-9.7)
>100 24 3.0 (1.84.2)
TP 0.013
<50 49 44 (3.5-5.3)
>50 41 6.0 (1.9-10.1)
Multivariate analysis
P value HR 95% CI for
exp (B)
TS > 100 0.037 1.743 1.034-2.938
TP < 50 0.014 1.790 1.122-2.854
Subtype 0.153 1.123 0.958-1.316
HR hazard ratio
Table 5 Univariate and multivariate analysis for OS
Univariate analysis
No. of patients Median OS (95% CI) P value
Subtype 0.039
HR+ 49 29.9 (23.7-36.1)
HER2+ 9 14.1 (3.9-24.3)
TN 32 16.3 (9.2-23.4)
TS 0.008
<100 66 29.9 (22.5-37.3)
>100 24 14.1 (7.7-20.5)
TP 0.043
<50 49 204 (9.4-31.4)
>50 41 29.9 (16.0-43.8)

Multivariate analysis

P value HR 95% CI for exp (B)
TS > 100 0.018 2.130 1.137-3.991
TP < 50 0.032 1.848 1.053-3.245
Subtype 0.351 1.106 0.895-1.368

HR hazard ratio

Taken together, the patients with high TS and low TP
showed the worst clinical outcomes in univariate and
multivariate analyses (Tables 4, 5).

Several studies have reported a TP-inducing effect of
anthracyclines and taxanes [19, 28, 29]. Andreetta et al.
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reported that patients with tumor with high TP expressions
and previously treated with a taxane-based therapy achieved
a better clinical benefit and a significantly longer time-
to-progression than patients who did not receive these
treatments before capecitabine [30]. In order to avoid the
effect of these confounding variables, this study included the
patients who were previously treated with both anthracycline
and taxanes.

The ability to identify the subpopulation of patients
who are most likely to respond to a particular therapy in
advance would not only increase the likelihood of
response, but would also avoid unnecessary treatment of
those patients who have little probability of benefiting from
the treatment [31]. With respect to the chemotherapy of
BC, our study has clinical importance in that TS and TP
expression correlates with PFS to capecitabine, one of the
most commonly used agents in daily practice.

In conclusion, this work provides further evidence that
high TS and low TP expression in BC tissues could rep-
resent predictive markers of capecitabine treatment. Fur-
thermore, high TS expression may have prognostic role in
BC. Following prospective studies are needed.

References

1. Blum JL (1999) Xeloda in the treatment of metastatic breast
cancer. Oncology 57(Suppl 1):16-20

2. Blum JL, Dieras V, Lo Russo PM, Horton J, Rutman O, Buzdar
A, Osterwalder B (2001) Multicenter, phase II study of capecit-
abine in taxane-pretreated metastatic breast carcinoma patients.
Cancer 92:1759-1768

3. Blum JL, Jones SE, Buzdar AU, LoRusso PM, Kuter I, Vogel C,
Osterwalder B, Burger HU, Brown CS, Griffin T (1999) Multi-
center phase II study of capecitabine in paclitaxel-refractory
metastatic breast cancer. J Clin Oncol 17:485-493

4. Fumoleau P, Largillier R, Clippe C, Dieras V, Orfeuvre H,
Lesimple T, Culine S, Audhuy B, Serin D, Cure H, Vuillemin E,
Morere JF, Montestruc F, Mouri Z, Namer M (2004) Multicentre,
phase II study evaluating capecitabine monotherapy in patients
with anthracycline- and taxane-pretreated metastatic breast can-
cer. Eur J Cancer 40:536-542

5. Wagstaff AJ, Ibbotson T, Goa KL (2003) Capecitabine: a review
of its pharmacology and therapeutic efficacy in the management
of advanced breast cancer. Drugs 63:217-236

6. Fox SB, Moghaddam A, Westwood M, Turley H, Bicknell R,
Gatter KC, Harris AL (1995) Platelet-derived endothelial cell
growth factor/thymidine phosphorylase expression in normal
tissues: an immunohistochemical study. J Pathol 176:183-190

7. Budman DR, Meropol NJ, Reigner B, Creaven PJ, Lichtman SM,
Berghorn E, Behr J, Gordon RJ, Osterwalder B, Griffin T (1998)
Preliminary studies of a novel oral fluoropyrimidine carbamate:
capecitabine. J Clin Oncol 16:1795-1802

8. Ishikawa T, Sekiguchi F, Fukase Y, Sawada N, Ishitsuka H
(1998) Positive correlation between the efficacy of capecitabine
and doxifluridine and the ratio of thymidine phosphorylase to
dihydropyrimidine dehydrogenase activities in tumors in human
cancer xenografts. Cancer Res 58:685-690



Cancer Chemother Pharmacol (2011) 68:743-751

751

9.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

Ishikawa T, Utoh M, Sawada N, Nishida M, Fukase Y, Sekiguchi
F, Ishitsuka H (1998) Tumor selective delivery of 5-fluorouracil
by capecitabine, a new oral fluoropyrimidine carbamate, in
human cancer xenografts. Biochem Pharmacol 55:1091-1097
Popat S, Matakidou A, Houlston RS (2004) Thymidylate syn-
thase expression and prognosis in colorectal cancer: a systematic
review and meta-analysis. J Clin Oncol 22:529-536

Liekens S, Bronckaers A, Perez-Perez MIJ, Balzarini J (2007)
Targeting platelet-derived endothelial cell growth factor/thymi-
dine phosphorylase for cancer therapy. Biochem Pharmacol
74:1555-1567

Puglisi F, Cardellino GG, Crivellari D, Di Loreto C, Magri MD,
Minisini AM, Mansutti M, Andreetta C, Russo S, Lombardi D,
Perin T, Damante G, Veronesi A. (2008) Thymidine phosphor-
ylase expression is associated with time to progression in
patients receiving low-dose, docetaxel-modulated capecitabine
for metastatic breast cancer. Ann Oncol 19:1541-1556 (Epub
2008 Apr 25)

Aschele C, Debernardis D, Bandelloni R, Cascinu S, Catalano V,
Giordani P, Barni S, Turci D, Drudi G, Lonardi S, Gallo L, Maley
F, Monfardini S (2002) Thymidylate synthase protein expression
in colorectal cancer metastases predicts for clinical outcome to
leucovorin-modulated bolus or infusional 5-fluorouracil but not
methotrexate-modulated  bolus  5-fluorouracil. Ann  Oncol
13:1882-1892

Aschele C, Debernardis D, Casazza S, Antonelli G, Tunesi G,
Baldo C, Lionetto R, Maley F, Sobrero A (1999) Immunohisto-
chemical quantitation of thymidylate synthase expression in
colorectal cancer metastases predicts for clinical outcome to
fluorouracil-based chemotherapy. J Clin Oncol 17:1760-1770
Cascinu S, Aschele C, Barni S, Debernardis D, Baldo C, Tunesi
G, Catalano V, Staccioli MP, Brenna A, Muretto P, Catalano G
(1999) Thymidylate synthase protein expression in advanced
colon cancer: correlation with the site of metastasis and the
clinical response to leucovorin-modulated bolus 5-fluorouracil.
Clin Cancer Res 5:1996-1999

Corsi DC, Ciaparrone M, Zannoni G, Mancini M, Cassano A,
Specchia M, Pozzo C, Martini M, Barone C (2002) Predictive
value of thymidylate synthase expression in resected metastases
of colorectal cancer. Eur J Cancer 38:527-534

. Johnston PG, Mick R, Recant W, Behan KA, Dolan ME, Ratain

MJ, Beckmann E, Weichselbaum RR, Allegra CJ, Vokes EE
(1997) Thymidylate synthase expression and response to neoad-
juvant chemotherapy in patients with advanced head and neck
cancer. J Natl Cancer Inst 89:308-313

Tominaga T, Toi M, Ohashi Y, Abe O (2002) Prognostic and
predictive value of thymidine phosphorylase activity in early-
stage breast cancer patients. Clin Breast Cancer 3:55-64

Toi M, Atiqur Rahman M, Bando H, Chow LW (2005) Thymi-
dine phosphorylase (platelet-derived endothelial-cell growth
factor) in cancer biology and treatment. Lancet Oncol 6:158-166
Hu YC, Komorowski RA, Graewin S, Hostetter G, Kallioniemi OP,
Pitt HA, Ahrendt SA (2003) Thymidylate synthase expression

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

predicts the response to 5-fluorouracil-based adjuvant therapy in
pancreatic cancer. Clin Cancer Res 9:4165-4171

Siva M, Correa P, Skaria S, Canney P (2008) Capecitabine in
advanced breast cancer: predictive factors for response. J Clin
Oncol 26:72S (Abstr 1126)

Muss HB, Berry DL, Cirrincione C, Theodoulou M, Mauer A,
Cohen H, Partridge AH, Norton L, Hudis CA, Winer EP, North
American Breast Cancer InIntergroup (2008) Standard chemo-
therapy (CMF or AC) versus capecitabine in early-stage breast
cancer (BC) patients aged 65 and older: results of CALGB/CTSU
49907. J Clin Oncol 26:8S (Abstr 507)

Ciaparrone M, Quirino M, Schinzari G, Zannoni G, Corsi DC,
Vecchio FM, Cassano A, La Torre G, Barone C (2006) Predictive
role of thymidylate synthase, dihydropyrimidine dehydrogenase
and thymidine phosphorylase expression in colorectal cancer
patients receiving adjuvant 5-fluorouracil. Oncology 70:366-377
Li H, Suo Z, Zhang Y, Risberg B, Karlsson MG, Villman K,
Nesland JM (2004) The prognostic significance of thymidine
phosphorylase, thymidylate synthase and dihydropyrimidine
dehydrogenase mRNA expressions in breast carcinomas. Histol
Histopathol 19:129-136

Meropol NJ, Gold PJ, Diasio RB, Andria M, Dhami M, Godfrey
T, Kovatich AJ, Lund KA, Mitchell E, Schwarting R (2006)
Thymidine phosphorylase expression is associated with response
to capecitabine plus irinotecan in patients with metastatic colo-
rectal cancer. J Clin Oncol 24:4069-4077

Van Cutsem E, Cunningham D, Hoff PM, Maroun J (2001)
Thymidine phosphorylase (TP) activation: convenience through
innovation. Oncologist 6 (suppl 4):1-2

Yang Q, Barbareschi M, Mori I, Mauri F, Muscara M, Nakamura
M, Nakamura Y, Yoshimura G, Sakurai T, Caffo O, Galligioni E,
Dalla Palma P, Kakudo K (2002) Prognostic value of thymidine
phosphorylase expression in breast carcinoma. Int J Cancer
97:512-517

Puglisi F, Andreetta C, Valent F, Minisini AM, Rijavec E,
Russo S, Mansutti M, Cardellino G, Pizzolitto S, Di Loreto C
(2007) Anthracyclines and taxanes induce the upregulation of
thymidine phosphorylase in breast cancer cells. Anticancer Drugs
18:883-888

Toi M, Bando H, Horiguchi S, Takada M, Kataoka A, Ueno T,
Saji S, Muta M, Funata N, Ohno S (2004) Modulation of thy-
midine phosphorylase by neoadjuvant chemotherapy in primary
breast cancer. Br J Cancer 90:2338-2343

Andreetta C, Puppin C, Minisini A, Valent F, Pegolo E, Damate
G, Di Loreto C, Pizzolitto S, Pandolfi M, Fasola G, Piga A,
Puglish F (2009) Thymidine phosphorylase expression and ben-
efit from capecitabine in patients with advanced breast cancer.
Ann Oncol 20:265-271 (Epub 2008 Sep 2)

McDermott U, Settleman J (2009) Personalized cancer therapy
with selective kinase inhibitors: an emerging paradigm in medical
oncology. J Clin Oncol 27:5650-5659

@ Springer



	Thymidylate synthase and thymidine phosphorylase as predictive markers of capecitabine monotherapy in patients with anthracycline- and taxane-pretreated metastatic breast cancer
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Patients
	Treatment
	Response and survival assessment
	Immunohistochemical staining and scoring
	Statistical analysis

	Results
	Patient cohort (Fig. 1)
	Patient characteristics (Table 1)
	Level of TS and TP expression, and the clinical characteristics (Fig. 2; Table 2)
	Clinical response to capecitabine (Table 3)
	Progression-free survival analysis (PFS; Fig. 3)
	Overall survival analysis (OS; Fig. 4)
	Relationship between therapeutic outcomes and TP and TS expression (Tables 4, 5)

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


