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Prediction of the effect of capecitabine in gastric cancer by
immunohistochemical staining of thymidine phosphorylase
and dihydropyrimidine dehydrogenase

Wasaburo Koizumi?, Isao Okayasub, Ichinosuke Hyodo®, Junichi Sakamoto®
Hiroshi Kojima® and the Clinical Study Group of Capecitabine

The objective of this study was to investigate the
relationship between the expression of thymidine
phosphorylase (TP) and dihydropyrimidine
dehydrogenase (DPD) and the response to capecitabine in
patients with advanced/recurrent gastric cancer. TP and
DPD expression in paraffin-embedded specimens of
primary lesions, obtained from 25 patients before
capecitabine chemotherapy, were evaluated by
immunohistochemical staining with anti-TP and anti-DPD
monoclonal antibodies. The patients (19 male and six
female) had a median age of 65 years (range 37-74).

All had a good performance status [Eastern Cooperative
Oncology Group (ECOG) 0 or 11. Overall response rate
to capecitabine therapy was 32%. TP was positive in

19 tumors (76%) and DPD was positive in 13 tumors
(52%). The response rate (RR) was significantly

higher (Fisher’s exact test, P=0.028) in patients with
TP-positive and DPD-negative tumors (RR=60%, 6/10)
than in the remaining patients (RR=13%, 2/15). TP and
DPD expression profiles are useful for predicting a

Introduction

Gastric cancer is the commonest form of cancer in Japan
[1]. Although 5-fluorouracil (5-FU) remains the most
effective single agent in patients with advanced gastric
cancer, it is associated with response rates of less than
20%, which tend to be partial and short-lived [2].
Administration of 5-FU by continuous infusion is thought
to be more active and better tolerated than intravenous
bolus administration, but is associated with added
complications, discomfort, and inconvenience of central
venous access [3,4].

Capecitabine (Xeloda) is an oral fluoropyrimidine carba-
mate that generates 5-FU preferentially in tumor tissue.
The drug is rapidly and extensively absorbed through the
gut as an intact molecule, and then metabolized to 5-FU in
three steps [5,6]. First, capecitabine is converted to 5'-
deoxy-5-fluorocytidine (5-DFCR) by carboxylesterase in
the liver. Second, 5-DFCR is converted to 5'-deoxy-5-
fluorouridine (5'-DFUR) by cytidine deaminase in the liver
and tumor tissues. Finally, 5-DFUR is converted to 5-FU
by thymidine phosphorylase (TP), which is significantly
more active in most human tumor tissues than in adjacent
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healthy tissue [7]. The increasing specificity for tumor cells
which occurs with each successive conversion step
potentially reduces systemic 5-FU exposure while increas-
ing the dose of 5-FU actually delivered to tumor tissue
[5,6,8]. It is hypothesized that this provides an improved
therapeutic ratio for capecitabine.

Capecitabine is already replacing intravenous 5-FU/
leucovorin in patients with advanced colorectal cancer
as a result of its superior response rates, equivalent time
to disease progression and overall survival, and improved
tolerability profile compared with 5-FU/leucovorin [3,9].
Capecitabine has also shown clear antitumor activity and
good tolerability in patients with advanced/metastatic
gastric cancer as a single agent [10], as well as in
combination with cisplatin [11] and docetaxel [12]. Two
phase III trials in the first-line treatment of advanced/
metastatic gastric cancer have recently been completed
[13,14]. The first, a Korean study, demonstrated the
noninferiority of capecitabine plus cisplatin, with a trend
towards superiority, compared with 5-FU plus cisplatin
[13]. The second, a UK 2 x 2 factorial trial (REALZ2),
again demonstrated the noninferiority of capecitabine
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versus 5-FU when given as part of a triple combination in
the first-line treatment of advanced esophago-gastric
cancer [14].

TP, thymidylate synthase (TS), and dihydropyrimidine
dehydrogenase (DPD) have been studied as predictive
factors for treatment with 5-FU and its derivatives
[15-20]. The efficacy of capecitabine has been shown to
correlate with the ratio of TP to DPD activities in
xenograft models of various human cancer cell lines [21].
TP/DPD expression score has been suggested to be a more
favorable factor of the efficacy of capecitabine than TP/TS
expression score in patients with breast cancer [22]. We
have reported a correlation between the protein expression
of TP in tumor tissue and the response to 5'-DFUR
treatment in patients with gastric cancer [23]. Nishina ez @/.
[24] have also investigated the potential correlation
between the ratio of TP to DPD protein expression
(measured by ELISA) and response to 5'-DFUR in patients
with metastatic gastric cancer, although it is unclear
whether TP and DPD expression levels influence the
effect of capecitabine in gastric cancer patients.

In this study, we evaluated TP and DPD protein levels by
newly established immunohistochemical staining techni-
ques with anti-T'P and anti-DPD monoclonal antibodies,
and investigated the relationship between the levels of
expression of these enzymes and the response to
capecitabine in patients with advanced/recurrent gastric
cancer in a phase II study.

Methods

Patients

A total of 60 patients with previously untreated advanced
or recurrent gastric cancer were entered into a phase II
study conducted in Japan [25]. Of these, 25 patients who
consented to this additional analysis had baseline
archived, formalin-fixed, paraffin-embedded specimens
of the primary lesion available for immunohistochemical
staining. These patients fulfilled the following eligibility
criteria for the phase II study: age 20-74 years; Eastern
Cooperative Oncology Group (ECOG)/Zubrod perfor-
mance status 0-2; and adequate bone marrow, hepatic,
and renal function. The institutional review board of each
participating center approved the study. The demo-

graphic characteristics of the patients are summarized in
Table 1.

Immunohistochemical staining and staining
assessment

Expression levels of TP and DPD were determined using
recombinant monoclonal antibodies specific for human
TP and DPD (Roche Applied Science, Mannheim,
Germany). For negative controls, the primary antibody
was replaced by mouse immunoglobulin G (TP) and rat
immunoglobulin G (DPD). We obtained between five

Table 1 Baseline patient characteristics
No. of patients Total sample
analyzed (%) (%)
Total number of patients 25 60
Median age, years (range) 65 (37-74) 64 (28-74)

Sex (male/female) 19 (76.0)/6 (24.0) 49 (81.6)/11 (18.3)

ECOG performance status

0 20 (80.0) 44 (73.3)
1 5 (20.0) 15 (25.0
2 0 (0) 1(1.7)

Histological type®

Well differentiated 3 (12.0) 7 (11.7)
(papillary adenocarcinoma,
tubular adenocarcinomat)
Moderately differentiated 9 (36.0) 24 (40.0)
(tubular adenocarcinoma?2)
Poorly differentiated 10 (40.0) 22 (36.7)
(poorly differentiated
adenocarcinoma)
Undifferentiated 3(12.0) 7 (11.7)
(signet-ring cell carcinoma)
Recurrence
Yes 12 (20.0) 5 (20.0)
No 48 (80.0) 20 (80.0)
Measurable or nonmeasurable
lesion
Primary 13 (52.0) 23 (38.3)
Liver 12 (48.0) 27 (45.0)
Lymph node 16 (64.0) 41 (68.3)
Lung 1 (4.0) 2 (3.3)

ECOG, Eastern Cooperative Oncology Group.
#According to Japanese classification of gastric carcinoma [26].

and 21 sections (approximately 10) per sample. Staining
procedure was followed according to the manual for each
antibody kit, with the exception of antibody dilutions
and staining assessment. The thicknesses of sections
varied between institutions (approximately 3-5um) but
were determined to be representative of the tumor by
hematoxylin-eosin staining image.

The paraffin sections were dewaxed in xylene and
dehydrated with graded ethanol. Antigen retrieval was
achieved by steaming for 20 min followed by cooling for
20 min at room temperature. Endogenous peroxidase was
blocked by incubating the preparations with 0.3% hydrogen
peroxide in methanol for 5min. After washing in phos-
phate-buffered saline (PBS), nonspecific binding was
blocked by preincubation with 20% goat serum in antibody
dilution buffer (Roche Applied Science, Mannheim,
Germany) for 20 min at room temperature. All sections
were incubated overnight at 4°C with the primary
antibodies in dilution buffer at the following concentra-
tions: anti-I'P monoclonal antibody 1:800 (0.125 pg/ml);
anti-DPD monoclonal antibody 1:400 (0.3125 pg/ml). For
the anti-DPD monoclonal antibody, the preparations were
washed three times with PBS and incubated with rabbit
antirat immunoglobulins in antibody dilution buffer
(1:12800) for 45min at room temperature. The slides
were then washed three times with PBS and incubated
with EnVision + (DAKO, Kyoto, Japan) for 30 min at room
temperature. After three more washings with PBS, the
preparations were incubated with LiquidDAB + (DAKO)
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for 20min at room temperature. The specimens were
rinsed with distilled water, counterstained with Meyer’s
hematoxylin, and mounted.

Two investigators (W.K. and 1.0.), who were blinded with
respect to the patient’s clinicopathological characteristics,
assessed the slides (one slide for each antibody staining).
Immunostaining was considered positive for TP and DPD
if apparent staining of the cytoplasm and/or nuclear
compartment was seen in tumor cells, regardless of the
number of cells stained. If no staining was observed, the
sample was classified as negative. Moreover, evaluation was
not influenced even if the stromal cells were stained.

Chemotherapy

Capecitabine was administered orally at a dosage of 828
mg/m2 twice daily for 3 weeks, followed by 1 week of no
treatment. Chemotherapy was continued until disease
progression. Tumor response was evaluated according to
Criteria for Evaluating the Efficacy of Chemotherapy/
Radiation Therapy in the Treatment of Gastric Cancer,
issued by the Japanese Research Society for Gastric Cancer
[26]. These criteria differ slightly from the World Health
Organization criteria as there are five evaluations of
response: complete response (CR); partial response (PR);
minor response (MR); no change (NC); and progressive
disease (PD). However, in the current study MR and NC
were grouped together as stable disease so that the tumor
response could be compared with other studies using the
World Health Organization criteria. Responders (CR + PR)
to capecitabine were confirmed by extramural review by an
independent response evaluation committee.

Statistical methods

Statistical analyses were performed with Statistical
Analysis System (SAS version 8.2; SAS Institute, Cary,
North Carolina, USA). The relationship between the
expression of TP, DPD and response to chemotherapy
was evaluated by Fisher’s exact test. Statistical signifi-
cance was defined as P < 0.05.

Results

Thymidine phosphorylase and dihydropyrimidine
dehydrogenase immunohistochemical staining

TP protein expression in tumor cells was detected in 19
of 25 (76%) specimens. However, TP protein expression
in stromal cells was seen in tumor samples from all
patients. An example of the pattern of TP expression in
both tumor and stromal cells is shown in Fig. 1a and in
stromal cells alone in Fig. 1b. Figure 1a also shows that
although tumor cells were stained homogeneously, there
was some intersite variation evident in the staining.

Expression of DPD protein in tumor cells was detected in
13 of 25 (52%) samples. The pattern of DPD + and
DPD - expression is shown in Fig. 2a and b, respectively.
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Fig. 1

(a) Immunohistochemical staining of TP expression in both tumor and
stromal cells. (b) Immunohistochemical staining of TP expression only in
stromal cells. TP, thymidine phosphorylase.

Response to chemotherapy and correlation with
immunohistochemical staining

The overall response rate in the patients for whom
primary lesion specimens were available was 32% (8/25).
The relationships between response rates and the
expression levels of each enzyme are detailed in Table 2.
The response rate was numerically but not statistically
higher (42%) in the 19 patients with TP+ tumors
compared with 0% in the six patients with TP - tumors
(P=0.129); corresponding response rates in patients
with DPD + and DPD- tumors were 15% (2/13) and
50% (6/12) (P = 0.097), respectively. Response rates were
significantly higher (60%) in the 10 patients with TP +
and DPD - tumors compared with a 13% response rate in
the remaining patients (P = 0.028).

Discussion
This study investigated the correlation between TP and
DPD expression in the primary tumors of patients with
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Fig. 2

(a) Immunohistochemical staining of DPD expression in tumor and
stromal cells. (b) Immunohistochemical staining of DPD-negative tumor
cells. DPD, dihydropyrimidine dehydrogenase.

advanced/recurrent gastric cancer and the subsequent
response to treatment with capecitabine. Other biomar-
kers including TS are planned to be investigated
collectively. However, for the limited specimen we were
resigned to selecting those biomarkers in this study.

The response rate of 32% in this subset of patients is 50%
higher than in the whole patient population (7= 60)
enrolled in the phase II trial [25]. The difference in
response rate is assumed to be the influence of favorable
PS.

In our study, 76% and 52% of patients had TP+ or
DPD + tumors, respectively. These rates of expression of
pyrimidine-metabolizing enzymes are comparable with
previously reported frequencies for TP + (51-90%) and
DPD + (44%) cells [23,27-30].

Table 2 Relationship between immunohistochemical protein
expression levels and patient response

No. of patients
CR PR SD PD NE Response rate (%)

TP immunoreactivity

Positive (n=19) 3 5 5 5 1 8 (42)*

Negative (n=6) o o0 2 38 1 0 (0)
DPD immunoreactivity

Positive (n=13) 2 0 5 6 O 2 (15)

Negative (n=12) 1 5 2 2 2 6 (50)**
TP and DPD immunoreactivity

TP+/DPD- (n=10) 1 5 2 1 1 6 (60)***

TP+/DPD+ (n=9) 2 0 3 4 0 2 (22)

TP-/DPD+ (n=4) 0 0 2 2 0 0 (0)

TP-/DPD- (n=2) 0 0 0 1 1 0 (0)
Overall response rate 3 5 7 8 2 8 (32)

CR (complete response) =disappearance of evidence of cancer within 4 weeks;
DPD, dihydropyrimidine dehydrogenase; NE, not evaluable; PD (progressive
disease) > 25% increase in more than one lesion or the appearance of new
lesion(s); PR (partial response) > 50% reduction in the sum of the products of
the perpendicular diameters of all lesions for 4 weeks or more, with no evidence
of new lesions or progression of any lesions; SD (stable disease) < 50%
reduction or <25% increase in the sum of the products of perpendicular
diameters of all lesions, with no evidence of new lesions; TP, thymidine
phosphorylase.

*P=0.129 (Fisher's exact test).

*#P=0.097 (Fisher's exact test).

**%P=0.028 (Fisher's exact test), TP+/DPD - versus other.

The findings of the current study suggest that patients
with TP+ and DPD- protein expression in gastric
tumors may respond better to capecitabine. With the
prior knowledge that TP and DPD are key enzymes in
the metabolism of capecitabine to 5-FU and its degrada-
tion, there appears to be a correlation between overall
response rate and TP/DPD immunostaining in the
primary lesion.

Cancer cells expressing high levels of TP are very
sensitive to capecitabine and related prodrugs such as
5-DFUR [31], and TP expression in primary or meta-
static tumor tissue has been shown to be associated with
response to capecitabine plus irinotecan in patients with
colorectal cancer [32]. Tumors with high levels of DPD
have been demonstrated to be resistant to 5-FU [33] and
capecitabine [34]. The finding that TP + patients and
DPD - patients are more likely responders is in line with
these reports.

Combined TP and DPD values was also reported by
Nishina ez 4/ [24]. They demonstrated that TP/DPD
ratios in 5'-DFUR-responding patients were statistically
higher than in nonresponder patients. Also human
colorectal cancer xenografts showed susceptibility to
capecitabine when expressing a high TP/DPD ratio,
which reflects high TP and low DPD expression [21].

It is, however, notable that we observed two CRs among
patients with TP + and DPD + tumors, and yet there
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were no responders among those with TP— tumors.
Although the difference in response rate between
patients with TP + and TP - tumors was not statistically
significant (P = 0.129), this result suggests that TP may
be the more important predictor of response to capeci-
tabine. This observation is supported by Meropol ez 4.
[32] who found that TP protein and gene expression was
associated with response to capecitabine plus irinotecan
in a slightly larger sample of patients with colorectal
cancer (z = 58), whereas DPD protein and gene expres-
sion was not.

Finding factors that predict sensitivity to anticancer drugs
should increase the effectiveness of chemotherapy in the
future by identifying potential responders before therapy
and by minimizing toxicity in nonresponding patients.
Chemopredictive results of TP and DPD biomarker
analyses have the potential to offer tailored chemother-
apy for patients with gastric cancer. The results of this
study support the hypothesis that biomarker profiles may
predict a favorable response to capecitabine, although
this hypothesis needs to be validated by a larger trial.
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