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Thymidine phosphorylase and dihydropyrimidine dehydrogenase are predictive factors of therapeutic efficacy of capecitabine monotherapy for breast cancerpreliminary results
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Abstract : Capecitabine monotherapy was administered for 25 patients with advanced or
recurrent breast cancer, and the clinical therapeutic efficacy and its relationship to expression of 5-fluorouracil-related enzymes (i.e., thymidine phosphorylase (TP), thymidylate
synthase (TS) and dihydropyrimidine dehydrogenase (DPD)) were investigated. The expressions of TP, TS and DPD were determined by immunohistochemical staining techniques and rated using a scoring system of 1!4. The expression score for TP/DPD showed a
statistically significant correlation with the clinical response, whereas the expression score
for TP/TS also showed a correlation but it was not statistically significant. The number of
patients was small, but the results revealed the potential of application of the TP/DPD expression score as a factor for predicting the efficacy of the drug in individual patients. J.
Med. Invest. 55 : 54-60, February, 2008
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INTRODUCTION
The results of clinical research on the treatment
of breast cancer have elucidated factors that predict the efficacy of a therapy, thus enabling individualization of the therapeutic approach. In particular,
individualized regimens have been established for
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patients who are positive for estrogen receptor (ER)
or progesterone receptor (PgR) and patients who
show overexpression of the c-erbB2 gene or its
products (also known as HER2/neu)(1-3). On the
other hand, there is no consensus regarding the
chemotherapy regimen for breast cancer, although
there have been reports of efficacy with regimens
including an anthracycline in patients who overexpress HER2 (4). In addition, thymidine phosphorylase (TP), thymidylate synthase (TS) and dihydropyrimidine dehydrogenase (DPD) have also been
studied as predictive factors for treatment with 5 fluorouracil (5 -FU) and its derivatives (5, 6). There
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are various methods for assay of those enzymes,
including quantitative determination of their activities, the reverse transcript-polymerase chain reaction (RT-PCR) to determine the mRNA level and
immunohistochemical staining methods (7). Quantitative determination of the enzyme activity and RTPCR are the best methods for obtaining accurate
information regarding these enzyme activities, but
they require fresh samples and are technically complicated. In contrast, the immunohistochemical staining method is technically simple, and although ordinary samples are sufficient for assay the results
are only qualitative.
In this study, we administered capecitabine, a
5 -FU derivative, monotherapy to Japanese patients
with advanced or recurrent breast cancer, performed
immunohistochemical staining on surgical specimens and semi-quantitatively determined the expression levels of TP, TS and DPD by applying a
scoring method to the staining results (8). Then the
scores for the enzyme expression levels were analyzed for correlations with the clinical response to
capecitabine.

PATIENTS AND METHODS
Patients
During the period from September 2003 through
December 2006, 25 Japanese women with advanced
or recurrent breast cancer were administered capecitabine monotherapy at Tokushima Breast Care
Clinic. The clinical efficacy of the treatment in those
patients was able to be evaluated. The patients
consisted of three with advanced disease and 22
with recurrent disease. The capecitabine dosage
was 2,400 mg/day for a body surface area of 1.31!
1.46 m2, 1,800 mg/day for a body surface area of
less than 1.31 m2 and 3,000 mg/day for an area of
greater than 1.46 m2. The clinical efficacy of the
treatment was assessed in accordance with the Gen-
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eral Rules for Clinical and Pathological Recording of
Breast Cancer (15th Edition) (The Japanese Breast
Cancer Society)(9). The following clinicopathological parameters were investigated for each of the
patients : the age, disease free interval (DFI), content of prior therapy, status of ER and PgR, and expression of HER2. The investigations of ER, PgR
and Her2 expressions and the assessment of the
findings were carried out by the conventional immunohistochemical staining techniques.
We started this study after having got informed
consent in the word of mouth from each patient or
a family of a patient.

Immunohistochemical staining for TP, TS and DPD
Formalin-fixed, paraffin-embedded surgically
resected specimens were subjected to immunohistochemical staining for each of TP, TS and DPD.
The respective primary antibodies used were 1C6 203, TS106 and 2H9-1b, and the conventional avidinbiotin-peroxidase complex method was applied
(Table 1). The staining results were rated using a
four-stage scoring (1!4) system (8). That is, a score
of 1 was assigned in the case of no staining or staining of less than 25% of the observed cells. A score
of 2 was given to specimens for which there was
slight staining of at least 25% of the cells, while a
score of 3 was assigned to specimens showing weak
staining of at least 25% of the cells and a score of 4
was given to specimens showing strong staining
of at least 25% of the cells. TP staining is also observed in the nucleus of cells, and thus both the nucleus and cytoplasm were evaluated(Fig. 1). TS and
DPD are detected only in the cytoplasm, and thus
Table 1. Sources, dilution, pretreatment of antibodies used
Antibody
TP
TS
DPD

Clone Manufacturer
1C6-203
Chugai
TS106
Quartett
2H9-1b
Chugai

Dilution Pretreatment
1 : 500
autoclave
1 : 25
autoclave
1 : 100
autoclave

TP : Thymidine phosphorylase, DPD : Dihydropyrimidine dehydrogenase, TS : Thymidine synthase
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Fig. 1 Immunohistochemical staining for TP. TP staining is also observed in the nucleus of cells, and thus both the nucleus and
cytoplasm were evaluated. That is, a score of 1 was assigned in the case of no staining or staining of less than 25% of the observed
cells. A score of 2 was given to specimens for which there was slight staining of at least 25% of the cells, while a score of 3 was assigned to specimens showing weak staining of at least 25% of the cells and a score of 4 was given to specimens showing strong staining of at least 25% of the cells.
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The clinical response of the patients and the
scores for the expressions of TP, TS and DPD, singly and in combination, i.e., TP/DPD, TP/TS and
TS/DPD, were analyzed for the presence of correlations.

benefit (PR plus long SD cases) rate was 40% (10/
25 patients) (Table 2). Analysis of the therapeutic
efficacy as a function of the site of recurrence
showed one case of PR and 2 cases of SD in the 5
patients with recurrence in the lung. The 10 patients
with recurrences in the bones showed one case
of PR and 5 cases of SD, while 2 of the 3 patients
with recurrence in the liver showed SD. The results
in the 14 patients with recurrences in the lymph
nodes showed 3 cases of PR and 7 cases of SD.

Statistical analyses

Table 2. Clinical results in 25 patients with recurrent or ad-

All data are expressed as mean !SD. Comparison
of the clinical response to the capecitabine monotherapy and the patient background factors was performed using chi-square test. The clinical response
of the patients and the scores for the enzyme expressions were analyzed for the presence of correlations using the t-test. A p value of !0.05 was considered statistically significant.

vanced breast cancer treated capecitabine monotherapy.

only the cytoplasm was evaluated for staining for
these enzymes.

Correlations between clinical response and expressions of TP, TS and DPD

Clinical results
cases
Partial response (PR)
5
Stable disease (SD)
9
(long SD 5)
Progressive disease (PD)
11
Clinical response
Clinical benefit (PR + long SD)

5/25 (20%)
10/25 (40%)

Correlations between therapeutic efficacy and patient background factors
Stratification of the therapeutic efficacy as a function of the background factors found no difference
arising from the patients’ age. However, the DFI
was shorter in the patients showing PD compared
with in the patients achieving PR or SD. Almost all
of the patients had undergone chemoendocrine therapy prior to enrollment in the present study. Fourteen patients had been treated with taxan, and approximately half had shown a clinical benefit. In
addition, 6 patients had been treated with a 5 -FU derivative, and more than half of those patients also
had shown a clinical benefit. Regardless of whether
or not hormone therapy had been administered
in the past, and the statuses for ER, PgR or Her2,
there were no correlations with the drug response
(Table 3).

RESULTS
Clinical results
The age range of the patients was 35"79 years
(mean : 57!11.3 years), and the mean disease-free
interval (DFI) was 11 months. The sites of recurrence in the 23 patients with recurrent disease were
the lung in 5 patients, the liver in three patients, the
bones in 10 patients, the lymph nodes in 14 patients
(some patients had recurrence at multiple sites).
The overall results of the capecitabine monotherapy
showed a partial response (PR) in 5 patients, stable
disease (SD) in 9 patients (including 5 patients with
long SD of at least 6 months) and 11 patients with
progressive disease (PD). The overall response rate
(ORR) was 20% (5/25 patients), while the clinical

Table 3. Correlations betweem therapeutic efficacy and patient background factors
Clinical response
age
DFI
Previous treatment
anthracycline
taxan
5 -FU
hormone therapy
ER (+)
(--)
PgR (+)
(--)
Her2(0-1)
(2-3)

PR
54.2!9.3
29!19

SD
58.4!14.4
20!13

long SD
(53.2!15.2)
(19!10)

PD
57.1!10
13!11

4
4
2
4
3
2
3
2
2
2

4
3
2
7
6
3
4
5
6
3

3
3
0
4
3
2
2
3
3
2

9
7
2
8
6
5
5
6
7
3

PR : partial response, SD : stable disease, PD : progressive disease, DFI : disease free inferval, ER : estrogen receptor, PgR : progesterone receptor
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Correlations between therapeutic efficacy and TP,
TS and DPD scores
The therapeutic results were stratified as a function of the TP, TS and DPD scores. The TP score
showed a tendency to be higher in the PR and SD
patients compared with the PD patients, but the
differences were not statistically significant. The
TS score did not show any effect on the therapeutic efficacy. The DPD score showed a tendency to
be lower in the PR patients compared with the SD
and PD patients, but again the differences were
not statistically significant (Table 4).
Table 4. Correlations between therapeutic efficacy and TP, TS,
DPD scores.

Fig. 3 Correlations between therapeutic efficacy and comPR

SD

long SD

PD

TP

3.0(2-4)

2.8(2-4)

2.0(2-4)

2.0(1-4)

TS

3.2(2-4)

3.4(3-4)

3.4(3-4)

3.3(2-4)

DPD

2.0(2-4)

2.6(1-3)

2.2(1-3)

2.4(1-3)

PR : partial response, SD : stable disease, PD : progressive disease, DFI : disease free inferval, ER : estrogen receptor, PgR :
progesterone receptor

Correlations between therapeutic efficacy and combined scores for TS/DPD, TP/DPD and TP/TS
The combined score for TS/DPD showed no correlations with the drug response. Conversely, the
combined score for TP/DPD was significantly
higher in the order of PR, long SD and PD (Fig. 2).
The combined score for TP/TS showed higher in
the order of PR, long SD and PD, but there were no
statistically significant differences (Fig. 3).

Fig. 2 Correlations between therapeutic efficacy and combined scores for TP/DPD. The combined score for TP/DPD
was significantly higher in the order of PR, long SD and PD
(PD vs PR : P !0.01, PD vs long SD : P=0.05).

bined scores for TP/TS. The combined score for TP/TS showed
higher in the order of PR, long SD and PD, but there were no statistically significant differences (PD vs PR : p=0.079).

DISCUSSION
Drugs for molecular-targeted therapy are being
developed for the treatment of cancers, and in combination with proper selection of patients who are
likely to respond the trend is toward improved response rates (1- 4). In the treatment of breast cancer, high efficacy has been achieved with chemotherapy regimens including anthracyclines and with
taxan, and these chemotherapy regimens are being
employed both prior to surgery and as postoperative adjuvant chemotherapy (1). Other chemotherapeutic agents that have been effective in the treatment of breast cancer include vinorelbine and 5 -FU
derivatives, but they are generally used in patients
with recurrent disease. Capecitabine is a 5 -FU derivative that was developed as a prodrug of 5’-deoxy5 -fluorouridine (5’-DFUR) (10 -12). It has been reported that TP, TS and DPD are involved in the activation/inactivation of 5 -FU and its derivatives and
are useful as factors in predicting the response of
breast cancer patients to those drugs. TP is an enzyme that converts capecitabine and 5’-DFUR into
5-FU, while TS interferes with DNA synthesis by
causing formation of a ternary complex between 5 fluorodeoxyuridine monophosphate (F - dUMP),
which is a metabolite of 5 -FU, and active folic acid.
DPD is an enzyme that inactivates 5 -FU. Accordingly, in general, higher TP expression and lower
DPD expression inside tumors result in higher intratumoral concentrations of 5 -FU and a more potent antitumor effect (13 -15). It is also said that the
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antitumor effect is greater when expression of TS
is low. Being able to quantitatively assay the expression or activity of TP, TS and DPD would have
a high level of clinical significance, but fresh biological samples are necessary for quantitative assay
(7, 16). Moreover, the available quantitative assays
are technically complicated and thus difficult for the
ordinary clinical facility to perform. In contrast, immunohistochemical staining techniques are comparatively simple. In the present study, we administered capecitabine monotherapy to Japanese women
with advanced or recurrent breast cancer and in
whom the clinical efficacy was able to be evaluated. In addition, surgically resected specimens
were subjected to immunohistochemical staining
for each of TP, TS and DPD, and the staining results were rated using a four-stage scoring system
in order to yield semiquantitative results (8). Finally,
the scores for those enzymes were analyzed for correlations with the clinical efficacy results.
In the results of the clinical trials on patients with
recurrent breast cancer in Japan and other countries, high efficacy rates (30 - 40%) by capecitabine
monotherapy were observed (17).
In spite of the fact that most of the patients included in this study had undergone previous treatment with an anthracycline or taxan, capecitabine
monotherapy showed an ORR of 20% (5/25 patients), while the clinical benefit (PR plus long SD
cases) rate was 40% (10/25 patients). It has been
reported that the antitumor effect of capecitabine
is potentiated by combined administration with a
cytokine that induces intratumoral expression of TP
or with other antitumor drugs (11, 16). Combined
administration with taxan has been reported to be
particularly effective in this regard (11). In addition,
efficacy was observed even in patients previously
treated with another 5 -FU derivative. We surmise
that these good results were because capecitabine
is a drug that selectively increases the intratumoral
5 -FU concentration to a greater extent than occurs
with other 5 -FU derivatives (10 -12).
In this study, we analyzed the therapeutic efficacy results for correlations with the semiquantitative scores assigned to the expressions of each of
TP, TS and DPD. The TP score showed a tendency
to be higher in the PR and SD patients compared
with the PD patients, but the differences were not
statistically significant. The DPD score showed a
tendency to be lower in the PR patients compared
with the SD and PD patients, but again the differences were not statistically significant. These cor-

relations between the expressions of TP and DPD
and the therapeutic response are in agreement with
the results reported for the use of 5’-DFUR as postoperative adjuvant therapy in breast cancer and colon cancer patients (5, 14, 18, 19). With regard to
TS expression, it was reported that the clinical efficacy of 5 -FU was good in pancreatic cancer patients
who showed low expression of TS (20), and it was
also reported that TS is an important prognostic
factor in other malignancies, such as colon cancer
(18, 21, 22). However, our present study found no
correlation between TS expression and the clinical
response of breast cancer. In addition, we were also
able to analyze the relationships of the combinations of TP/DPD, TP/TS and TS/DPD to the clinical response. Because we thought that a clearer result may be provided by comparing the ratio of the
each TP, DPD and TS. TP/DPD showed a significant correlation, and TP/TS also showed a correlation although it was not statistically significant.
These findings are in agreement with the reported
results for studies at the cellular level that the combination of TP/DPD showed a higher correlation
with the therapeutic effect than either TP or DPD
alone (12). The number of patients in our study was
small, but our findings show that immunohistochemical staining of patient surgical specimens to
elucidate the expressions of TP, TS and DPD indicate the possibility of individualization of chemotherapy employing capecitabine. Further studies of
a larger number of patients are needed to establish the clinical significance of this approach, and
studies are also warranted with regard to the effectiveness of induction of TP expression by use of cytokines, anticancer drugs and other drugs such as
gefitinib (11, 16, 22, 23). The results of such studies can be thought to contribute to further improvement of the efficacy of capecitabine.

CONCLUSION
Capecitabine monotherapy was effective in the
treatment of patients with advanced or recurrent
breast cancer. The expression score for the combination of TP/DPD showed a statistically significant
correlation with the clinical response, and the expression score for TP/TS also showed a correlation
although it was not statistically significant. These
findings indicate the potential for individualization
of the therapeutic approach.

The Journal of Medical Investigation

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

Early Breast Cancer Trialists’ Collaborative
Group : Effects of chemotherapy and hormonal
therapy for early breast cancer on recurrence
and 15 -year survival : an overview of randomized trials. Lancet 365 : 1687-1717, 2005
Goldhirsch A, Glick JH, Gelber RD, Coates AS,
Thurlimann B, Senn HJ : Meeting highlights :
international expert consensus on the primary
therapy of early breast cancer 2007. Ann Oncol
(in press).
Slamon DJ, Leyland-Jones B, Shak S, Fuchs H,
Paton V, Bajamonde A, Fleming T, Eiermann
W, Wolter J, Pegram M, Baselga J, Norton L :
Use of chemotherapy plus a monoclonal antibody against HER2 for metastatic breast cancer that overexpresses HER2. N Engl J Med
344 : 783 -792, 2001
Pritchard KL, Shepherd LE, O’Malley FP,
Andrulis IL,TuD, Bramwell VH, Levine MN :
HER2 and responsiveness of breast cancer to
adjuvant chemotherapy. N Engl J Med 354 :
2103 -2111, 2006
Tominaga T, Toi M, Ohashi Y, Abe O : Prognostic and predictive value of thymidine phosphorylase activity in early-stage breast cancer.
Clin Breast Cancer 3 : 55 - 64, 2002
Tominaga T, Toi M, Abe O, Ohashi Y, Uchino
J, Hayasaka H, Abe R, Izuo M, Enomoto K,
Watanabe H, Yoshida M, Taguchi T, Koyama
H, Senoo T, Toge T, Monden Y, Hattori T,
Nomura Y, Sugimachi K, Hirata K, Nakazato
H, Miura S, Morimoto T, Asaishi K, Kimijima
I, Ota J, Sonoo H, Yamaguchi S : The effect of
adjyvant 5’-deoxy-5-fluorouridine in early breast
cancer patients : results from a multicenter randomized controlled trial. Int J Oncol 20 : 517525, 2002
Kurosumi M, Sugawara N, Tabei T, Inoue K,
Matsumoto H, Suematsu K, Higashi Y : Comparison of ELISA level and immunohistochemical status for thymidine phosphorylase (TP) in
invasive breast carcinoma. Anticancer Res 22 :
331-338, 2002
Kurosumi M : Significance of immunohistochemical evaluation of TS, DPD and TP expression as predictive factors of treatment effect in
breast cancer. Jpn J Breast Cancer 18 : 419 427, 2003
Japanese Breast Cancer Society : General Rules
for Clinical and Pathological Recording of Breast

10.

11.

12.

13.

14.

15.

16.

17.

Vol. 55 February 2008

59

Cancer (15th Edition), Kanehara, Tokyo, 2005,
pp.1-27
Massacesi C, La Cesa A, Marcucci F, Pilone
A, Rocchi M BL, Zepponi L, Santini D, Tonini
G, Burattini, L : Capecitabine and mitomycin C
is an effective combination for anthracyclineand taxan-resistant metastatic breast cancer.
Oncology 70 : 294 -300, 2006
Sawada N, Ishikawa T, Fukase Yu, Nishida
M, Yoshikubo T, Ishitsuka H : Induction of
thymidine phosphorylase activity and enhancement of capecitabine efficacy by taxol/taxotere
in human cancer xenografts. Clin Cancer Res
4 : 1013 -1019, 1998
Ishikawa T, Sekiguchi F, Fukase Y, Sawada N,
Ishitsuka H : 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, 1998
Yamamoto Y, Toi M, Tominaga T : Prediction of
effect of 5’-deoxy-5 -fluorouridine by the status
of angiogenetic enzyme thymidine phosphorylase expression in recurrent breast cancer
patients. Oncol Reports 3 : 863 - 865, 1996
Kakimoto M, Uetake H, Osanai T, Shirota Y,
Takagi Y, Takeshita E, Toriya Y, Danenberg
K, Danenberg PV, Sugihara K : Thymidylate
synthase and dihydropyrimidine dehydrogenase gene expression in breast cancer predicts
5 -FU sensitivity by a histocultural drug sensitivity test. Cancer Letters 223 : 103 -111, 2005
Jakob C, Liersch T, Meyer W, Baretton GB,
Hausler P, Schwabe W, Becker H, Aust DE :
Immunohistochemical analysis of thymidylate
synthase, thymidine phosphorylase, and dihydropyrimidine dehydrogenase in rectal cancer
(cUICC II/III) Correlation with histopathologic
tumor regression after 5 -fluorouracil-based
long-term neoadjuvant chemotherapy. Am J
Surg Patho 29 : 1304 -1309, 2005
Yamaue H, Tanimura H, Kono N, Aoki Y,
Tabuse K, Uchiyama K, Takifuji K, Iwahashi
M, Tani M : Clinical efficacy of doxifluridine
and correlation to in vitro sensitivity of anticancer drugs in patients with colorectal cancer. Anticancer Res 23 : 2559 -2564, 2003
Toi M, Bando H, Horiguchi S, Takada M,
Kataoka A, Ueno T, Saji S, Muta M, Funata N,
Ohno S : Modulation of thymidine phophorylase by neoadjuvant chemotherapy in primary

60

J. Honda, et al. Capecitabine and TP, TS, DPD in breast cancer

breast cancer. Br J Cancer 90 : 2338 -2343,
2004
18. Popat S, Matakidou A, Houlston RS : Thymidylate synthase expression and prognosis in colorectal cancer : a systematic review and metaanalysis. J Clin Oncol 22 : 529 - 536, 2004
19. Nishimura G, Terada I, Kobayashi T, Ninomiya
I, Kitagawa H, Fushida S, Fujimura T, Kayahara
M, Shimizu K, Ohta T, Miwa K : Thymidine
phosphorylase and dihydropyrimidine dehydrogenase levels in primary colorectal cancer show
a relationship to clinical effects of 5’-deoxy-5 fluorouridine as adjuvant chemotherapy. Oncol
Reports 9 : 479 - 482, 2002
20. Hu YC, Komorowski RA, Graewin S Hostetter
G, Kollioniemi OP, Pitt HA, Ahrendt SA :
Thymidylate synthase expression predicts the
response to 5 -fluorouracil-based adjuvant ther-

apy in pancreatic cancer. Clin Cancer Res 9 :
4165 - 4171, 2003
21. Edler D, Glimelius B, Hallstrom M, Jakobsen
A, Johston PG, Magnusson I, Ragnhammar P,
Blomgen H : Thymidylate synthase expression
in colorectal cancer : A prognostic and predictive marker of benefit from adjuvant fluorouracilbased chemotherapy. J Clin Oncol 20 : 17211728, 2002
22. Leichman CG : Thymidylate synthase as a predictor of response. Oncology 12 : 43 - 47, 1998
23. Magne N, Fischel JL, Dubreuil A, Formento P,
Ciccolini J, Formento JL, Tiffon C, Renee N,
Marchetti S, Etienne MC, Malano G : ZD1839
(Iressa) modifies the activity of key enzymes
linked to fluoropyrimidine activity : rational basis for a new combination therapy with capecitabine. Clin Cancer Res 9 : 4735 - 4742, 2003

