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Background: Our previous phase II study of 5-fluorouracil (5-FU) and cisplatin (FP) for
treatment of advanced gastric cancer showed that strong immunoreactivity for vascular endo-
thelial growth factor (VEGF) is associated with chemoresponse. Patients with four or five of
the favorable phenotypes, p53 (2), bcl-2 (2), gluthathione S-transferase p (2), thymidylate
synthase (2), and VEGF (þ), survived longer than those with three or less of these pheno-
types. The purpose of this study is to confirm our previous results and to compare the signifi-
cance of those markers between continuous infusion of 5-FU (5-FUci) and FP.
Methods: Pretreatment biopsies from 131 of 210 advanced gastric cancer patients enrolled
to JCOG9205 were analyzed immunohistochemically for the presence of the five markers.
Results: Median survival times of patients treated with 5-FUci (n ¼ 65) or FP (n ¼ 66) were
216 and 253 days, respectively (P ¼ 0.6953). After FP treatment, patients with four or five
favorable phenotypes (n ¼ 20) survived longer than those with three or less favorable pheno-
types (n ¼ 46) (334 days and 243 days, respectively; P ¼ 0.0463), and the survival times of
34 and 32 patients with VEGF (2) and (þ) were similar (269 days and 253 days, respectively;
P ¼ 0.6317). After 5-FUci, 30 patients with VEGF (þ) survived for a shorter time than 35
patients with VEGF (2) (142 days and 302 days, respectively; P ¼ 0.0043).
Conclusion: The number of favorable phenotypes is prognostic for gastric cancer patients
treated with FP, and VEGF has a different impact on survival between treatment with 5-FUci
and FP.
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INTRODUCTION

Many combination chemotherapy regimens for treatment of

advanced gastric cancer have recently been developed using

new agents and shown high response rates (1–8). However,

a standard chemotherapy has not been established for treat-

ment of advanced gastric cancer because there are no reports

from randomized phase III trials showing a survival benefit

to the treatment with 5-fluorouracil (5-FU) alone (9,10). In

the phase III study of the Gastrointestinal Oncology Study

Group (GIOSG) of the Japan Clinical Oncology Group

(JCOG), there was no significant difference in survival

between continuous infusion of 5-FU (5-FUci) and a combi-

nation of 5-FU and cisplatin (FP) despite a higher response
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rate and longer time to progression (TTP) of FP compared

with 5-FUci, associated with lower toxicity of 5-FUci than

of FP (11). Therefore, 5-FUci was considered a reference

regimen for the present phase III study of advanced gastric

cancer patients. It has also been reported that a better

response to chemotherapy contributes to longer survival and

cures in some patients (12). However, severe toxicity associ-

ated with intensive chemotherapy causes deterioration of

patients’ quality of life, especially that of nonresponders.

Thus, the ability to predict the effects of chemotherapy and

to select an appropriate regimen for each patient before com-

mencement of chemotherapy is important.

Many factors and mechanisms are involved in sensitivity

and resistance to chemotherapy, of which some are

clinically relevant (13–16). However, there are no reports of

clinically useful biological markers for prognosis and che-

motherapy regimens for advanced gastric cancer patients. In

our previous phase II study of FP for advanced gastric

cancer, vascular endothelial growth factor (VEGF) (þ), p53

(2), bcl-2 (2), thymidylate synthase (TS) (2), and

gluthathione S-transferase p (GST-p) (2) were shown to be

favorable phenotypes for chemoresponse in 39 patients (17).

Patients with VEGF (þ) had significantly higher response

rates than those with VEGF (2).However, there were no

differences in survival times between (þ) and (2) marker

types. The number of favorable phenotypes was related to

response rate: the 10 patients with four or five favorable phe-

notypes survived significantly longer than the 29 patients

with three phenotypes or less.

However, because our previous study was investigational,

it was considered necessary to confirm the results in a differ-

ent cohort. In addition, investigation of the clinical utility of

these markers is certainly warranted for selecting chemother-

apy regimens in a randomized phase III trial.

In this study, we investigated relationships between

expression of five biological markers and survival among

patients registered for a phase III study (JCOG9205 (11)) to

confirm the results of our previous study and to clarify the

utility of these markers for selecting 5-FUci or FP che-

motherapy regimens. The study was approved by the chair of

the Japan Clinical Oncology Group.

PATIENTS AND METHODS

PATIENTS

Two hundred and eighty patients were enrolled in the phase

III study (JCOG9205 (11)); 106 patients had been treated with

5-FUci, 104 with FP and 70 with a combination of futrafur

and uracil (UFT) plus mitomycin C (UFTM). Biopsy samples

were obtained from 180 patients, consisting of 68 (64%) from

the 5-FUci group, 67 (64%) from the FP group, and 45 (64%)

from the UFTM group. Patients treated with UFTM were

excluded from this study because enrollment for UFTM treat-

ment ceased after interim analysis of the phase III study

revealed that it had no survival advantage and more severe

toxic effects than 5-FUci (11). Three patients in the 5-FUci

group and one in the FP group were excluded because their

biopsy samples were too small for immunostaining. The sub-

jects selected for this study comprised 65 patients treated with

5-FUci and 66 treated with FP from whom sufficient amounts

of pretreatment biopsy specimens had been obtained endosco-

pically. These patients met the eligibility criteria of

JCOG9205 (11): (1) histological confirmation of gastric

cancer, (2) measurable or assessable lesions, (3) ability to

accept oral administration of UFT, (4) aged 75 years or

younger, (5) a performance status of two or less on the ECOG

scale, (6) no prior treatment except surgery, (7) fully function-

ing liver, kidney, and bone marrow, (8) life expectancy of

eight weeks or longer, and (9) written informed consent. All

the patients in the study received the protocol chemotherapy

as the first line therapy.

TREATMENT SCHEDULE

The treatment schedule for the 5-FUci group comprised a

continuous infusion of 5-FU (800 mg/m2 per day) on days

1–5. The FP schedule consisted of a drip infusion of CDDP

(20 mg/m2 per day) on days 1 – 5, together with the same

dose of 5-FUci as the 5-FUci group. These two treatments

were repeated every four weeks until the appearance of

disease progression, unacceptable toxicity, or the patient’s

voluntary withdrawal from the study.

IMMUNOHISTOCHEMISTRY

Biopsy samples from 180 patients were immunostained as

described in our previous report (17). All immunohistochem-

ical analyses were performed using tissue sections from

formalin-fixed, paraffin-embedded biopsy material obtained

endoscopically from primary tumors. Serial 3 mm thick

slices were cut, deparaffinized in xylene, dehydrated with

graded ethanol and then immersed in methanol containing

0.3% H2O2 for 20 min to inhibit endogenous peroxidase

activity. Sections stained for p53 and TS were heated to

958C by microwave irradiation for 10 min in phosphate buf-

fered saline (PBS) or 10 mM citrate buffer, respectively.

Sections stained for VEGF were treated with 0.05% pepsin

in 0.01 N HCl for 20 min at room temperature. After block-

ing with 10% normal swine serum in PBS (blocking buffer)

for 60 min, all sections were incubated overnight at room

temperature with the primary antibodies diluted in blocking

buffer to the following concentrations: anti-p53 antibody

(Nichirei, Tokyo, Japan), 1:20000; anti-bcl-2 antibody

(DAKO, Glostrup, Denmark), 1:40; anti-GST-p

antibody (MBL, Nagoya, Japan), 1:24000; anti-TS antibody

(TS106 (16)), 1:200; anti-VEGF antibody (Santa Cruz

Biochemistry, CA, USA), 1:500. The sections were washed

with PBS and then incubated for 1 h with biotinylated sec-

ondary antibody diluted 1:200. After washing with PBS, the

sections were incubated with ABC reagent (Vector

Laboratories, CA, USA) and the color reaction was
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developed in Tris buffer containing 2%

3,30-diaminobenzidine and 0.3% hydrogen peroxide. The

sections were then counterstained with hematoxylin or

methyl green.

All immunostained specimens from the 180 patients were

assessed by an investigator (N.B.) who was not informed of

clinical information such as treatment schedules and clinical

outcomes. The intensity of staining for p53 and GST-p was

graded as (þ) when strong, as (+) when faint, and as (2)

when no staining was visible. For bcl-2, the intensity of

staining was graded as (þþ) when stronger than that of cor-

respondingly stained lymphocytes, as (þ) when equal to that

of stained lymphocytes, and as (2) when weaker than that of

stained lymphocytes. The staining of VEGF was graded as

(þþ) when the intensity of staining in cancer cells was

stronger than that in stromal cells, as (þ) when equal to that

of stromal cells, and as ( – ) when weaker than that of

stromal cells. TS expression was graded as (þþ), (þ), (+),

or (2) based on the intensity of staining. For all markers,

patients were defined as positive when more than 20% of the

cancer cells in each section were (þþ) or (þ). VEGF (þ),

p53 (2), bcl-2 (2), TS (2) and GST-p (2) were defined as

favorable phenotypes for chemoresponse to FP on the basis

of the results of our previous phase II study.

ANTI-TUMOR EFFECTS

The responses of measurable metastatic lesions and of

primary lesions were evaluated according to the standard

World Health Organization criteria (18) and evaluation cri-

teria proposed by the Japanese Gastric Cancer Association

(19). All patients were followed up for at least 1 year after

registration for the study. Survival was calculated from the

date of registration to the date of death from any cause or to

the last confirmation of survival. TTP was estimated from

the interval between the date of registration and the date of

confirmation of disease progression by image and clinical

diagnosis, or the date of death for patients for whom confir-

mation of disease progression was absent. All clinical infor-

mation was obtained from the JCOG data center.

STATISTICAL ANALYSIS

Survival curves were constructed using the Kaplan–Meier

method and compared using the Log-rank test. Patient charac-

teristics and response rates were compared using a x2 test.

RESULTS

PATIENT CHARACTERISTICS

Patient characteristics are shown in Table 1. The subjects con-

stituted two thirds of all patients enrolled in JCOG9205 (11).

The numbers of patients treated with 5-FUci and FP were

similar. The two groups were well balanced in respect of age,

sex, macroscopic type, histological type, and history of resec-

tion of primary lesions, but there were more patients with poor

performance status in the FP group than in the 5-FUci group

(P ¼ 0.0242). Seventeen patients (26%) in the 5-FU group and

10 (15%) in the FP group had distant metastases (P ¼ 0.1196).

OVERALL SURVIVAL AND TIME TO PROGRESSION

Figure 1 shows the overall survival times of subjects treated

with 5-FUci or FP. There was no significant difference in

survival between patients treated with 5-FUci or with FP;

Table 1. Patient characteristics

5-FUci (n ¼ 65) FP (n ¼ 66) P value

Age Median (range) 63 (34–73) 63 (19–75) 0.6065

Gender M/F 49/16 48/18 0.7257

Performance status (ECOG scale) 0/1/2/unknown 34/18/11/2 24/35/5/2 0.0242

Macroscopic type Expansive/infiltrative/others 15/48/2 11/53/2 0.6520

Histological type Intestinal/diffuse unknown 29/31/5 32/29/5 0.9019

Tumor extent Locally advanced/ascites/metastatic 15/33/17 17/39/10 0.1196

Resection of the primary tumor þ/ 2 17/48 16/50 0.8011

Source: A phase III study of the Japan Clinical Oncology Group (JCOG9205); continuous infusion of 5-fluorouracil (5-FUci) versus a combination of 5-FU
and cisplatin (CDDP). Pre-treatment biopsies were available in 65 patients treated with 5-FUci and 66 patients with FP.

Figure 1. Overall survival of 66 patients treated with FP (solid line) and 65

patients treated with FUci (dotted line).
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median survival times were 216 days for the 5-FUci group

and 253 days for the FP group (P ¼ 0.6953). TTP was longer

after FP treatment than after 5-FUci treatment (median TTP:

111 days and 61 days, respectively; P ¼ 0.0477).

EXPRESSION OF BIOLOGICAL MARKERS AND RESPONSE

The staining patterns and incidences of positive reactions for

the biological markers were similar to those observed in our

previous study (17) (Table 2). Table 3 shows the relation-

ships between biological markers and chemoresponses. The

overall response rates in the FP and 5-FUci groups were 44%

(29/66) and 12% (8/65), respectively. While the response

rates of the patients with VEGF (2) were higher than those

with VEGF (þ) in the 5-FUci group (P ¼ 0.0599), there was

no significant difference in response between patients with

(þ) and (2) types of VEGF, p53, bcl-2, TS or GST-p.

Eleven of the 20 patients (55%) with four or five favorable

phenotypes and 18 of the 46 patients (39%) with three or

less favorable phenotypes were responders (P ¼ 0.2326) in

the FP treatment group. The response rate of the 16 patients

with four or five favorable phenotypes (13%) was similar to

that (12%) of the other 49 patients with three or fewer favor-

able phenotypes (P . 0.9999) in the 5-FUci treatment group.

NUMBER OF FAVORABLE PHENOTYPES, SURVIVAL AND

TIME TO PROGRESSION

In the FP treatment group, the 20 patients with four or five

favorable phenotypes survived longer than the 46 patients

with three or less favorable phenotypes (MST, 334 and 243

days, respectively; P ¼ 0.0463) (Fig. 2A), whereas there was

no difference between the two types of patient in the 5-FUci

group (MST, 203 and 216 days, respectively; P ¼ 0.315)

(Fig. 2B). No significant differences were observed in TTP

between patients with four or five favorable phenotypes and

patients with three or less favorable phenotypes in the FP or

5-FUci groups (FP: favorable, 118 days; others, 102 days;

P ¼ 0.2766, and 5-FUci: favorable, 41 days; others, 61 days;

P ¼ 0.6830).

VEGF, SURVIVAL AND TIME TO PROGRESSION

In the 5-FUci and FP groups, there were no significant

differences in survival times between patients with (þ) or (2)

types of p53, bcl-2, TS or GST-p. The survival times of the

32 (49%) patients with VEGF (þ) and the 34 (51%) patients

with VEGF (2) were almost equal in the FP treatment group

(MST: 269 and 253 days, respectively; P ¼ 0.6317)

(Fig. 3A), whereas the 30 patients with VEGF (þ) had

shorter survival times than the 35 with VEGF (2) in the

5-FUci treatment group (MST: 142 and 302 days, respect-

ively; P ¼ 0.0043) (Fig. 3B). In the FP group, there was no

difference in TTP between patients with VEGF (þ) and those

with VEGF (2) (median TTP: 111 days and 123 days,

respectively; P ¼ 0.3497). However, the TTP of patients

with VEGF (2) was significantly longer than that of patients

with VEGF (þ) in the 5-FUci group (median TTP: 101 days

and 36 days, respectively; P ¼ 0.0046).

DISCUSSION

The recruitment rates of patients from the phase III study

(JCOG9205 (11)) into the present study were equal among

the three regimens. Patient characteristics and rates of posi-

tive reactions for biological markers were well balanced.

These data indicate that biopsy samples were collected

without bias. The overall response rates, survival times and

Table 3. Expression of biological markers and response to 5-FUci and FP

5-FUci (n ¼ 65) FP (n ¼ 66)

VEGF (þ) 1/30 (3) 13/32 (41)

(2) 7/35 (20) 16/34 (47)

TS (þ) 5/37 (14) 9/21 (43)

(2) 3/28 (11) 20/45 (44)

p53 (þ) 2/28 (7) 11/28 (39)

(2) 6/37 (16) 18/38 (47)

GST-p (þ) 3/38 (8) 20/41 (49)

(2) 5/27 (19) 9/25 (36)

Bcl-2 (þ) 1/7 (14) 4/11 (36)

(2) 7/58 (12) 25/55 (45)

Expressions of vascular endothelial growth factor (VEGF), thymidylate
synthase (TS), p53, gluthathione S-transferase p (GST-p) and bcl-2 were
examined immunohistochemically. The number of patients with complete or
partial remission after treatment with 5-FUci and FP in all patients with
positive or negative expression of each biological marker. Values in
parentheses are percentages.

Table 2. Expression of biological markers in 5-FUci and FP

5-FUci (n ¼ 65) FP (n ¼ 66)

VEGF (þ) 30 (49) 32 (47)

(2) 35 (51) 34 (53)

TS (þ) 37 (57) 21 (32)

(2) 28 (43) 45 (68)

p53 (þ) 28 (43) 28 (42)

(2) 37 (57) 38 (58)

GST-p (þ) 38 (58) 41 (62)

(2) 27 (42) 25 (38)

Bcl-2 (þ) 7 (11) 11 (17)

(2) 58 (89) 55 (83)

Expressions of vascular endothelial growth factor (VEGF), thymidylate
synthase (TS), p53, gluthathione S-transferase p (GST-p) and bcl-2 were
examined immunohistochemically. Values in parentheses are percentages.
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TTPs were similar to those of patients enrolled in the phase

III study (11). Although biopsy specimens were collected

only from two-thirds of the patients enrolled in JCOG9205

(11), the subjects of this study were considered representa-

tive of those of the phase III study.

Biopsy samples can only be obtained from the superficial

part of primary tumors and may not be representative of the

biological behavior of the entire tumor. Because many

patients destined to be treated with chemotherapy have unre-

sectable tumors, only biopsy samples can be used to assess

biological markers. Takiuchi (20) and our group (17) have

shown that VEGF (þ) is a predictive marker of chemore-

sponse in advanced gastric cancer patients treated with FP.

Nagashima (21) reported that patients with VEGF (þ) who

were treated with a combination of irinotecan (CPT-11) and

CDDP had a higher response rate than those with VEGF (2).

These results suggest that assessment of biological markers

using endoscopic biopsy samples can yield useful infor-

mation and that the expression of VEGF in the biopsy

samples of gastric cancer patients may be a predictor of che-

motherapeutic effects in CDDP containing regimens.

The incidence of VEGF (þ) was 47% (62/131), which

recapitulated the result of our previous study (51%, 20/39).

The incidences of other biological markers in the two

studies were also similar. These results show that the method

used for evaluating biological markers was reproducible.

In our previous study, expression of VEGF and the

number of favorable phenotypes were significant predictors

of chemoresponse to FP (17). In the present study, there was

no relationship between the expression of VEGF and che-

moresponse to FP. The response rate of patients with four or

five favorable phenotypes was slightly but not significantly

Figure 3. Overall survival of patients (solid line) with VEGF (þ) and those (dotted line) with VEGF (2) after treatment with FP (A) or 5-FUci (B).

Figure 2. Overall survival of patients (solid line) with four or five favorable phenotypes out of VEGF (þ), TS (2), p53 (2), bcl-2 (2), GST-p (2), and those

(dotted line) with 3 or fewer, after treatment with FP (A) or 5-FUci (B).
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higher than that of patients with three or less favorable phe-

notypes. It could be argued that these discrepancies indicate

that expression of VEGF and the number of favorable pheno-

types are not good predictive markers of chemoresponse to

FP. However, Takiuchi et al. (20) reported that immunohisto-

chemical expression of VEGF can predict the response to FP

in patients with gastric cancer. Nagashima et al. (21)

reported that VEGF and the number of favorable phenotypes

of similar biological markers were predictive markers of che-

moresponse to irinotecan plus CDDP and of survival.

Several reports have described differences in chemoresponse

between phase II and III studies of the same chemotherapy

regimens. It is possible that the discrepancies between our

previous and present studies were caused by the difference

in the method of evaluating responses between the phase II

and III studies of FP.

In the FP group of this study, the 20 patients with four or

five favorable phenotypes survived longer than the 46

patients with three or less favorable phenotypes. This result

recapitulates our previous phase II findings on survival. In

the 5-FUci treatment group, there was no difference in survi-

val between these two phenotype groups. However, the

differences in survival between the FP and 5-FUci treatments

were small in patients with four or five favorable phenotypes

and in those with three or less favorable phenotypes.

Moreover, in the FP and 5-FUci treatment groups, there were

no significant differences in TTP between patients with four

or five favorable phenotypes and those with three or less

favorable phenotypes. These results suggest that the presence

of favorable phenotypes is a prognostic marker for patients

treated with FP, but not a selective marker between FP and

5-FUci.

VEGF promotes angiogenesis and permeability of blood

vessels and is associated with microvessel abundance and

metastasis (22,23). It has been reported that VEGF is a

marker of poor prognosis after surgical resection in various

kinds of malignancies including gastric cancer (24–30). Our

previous study showed no differences in survival between

patients with VEGF (þ) or (2) despite a higher response rate

in those with VEGF (þ). Similarly, in the present study, there

were no differences in survival or TTP between patients with

VEGF (þ) or (2) after treatment with FP. However, in the

5-FUci group, patients with VEGF (þ) had a significantly

shorter survival time and TTP than those with VEGF (2).

Thus, VEGF is considered to be a risk factor for a poor

prognosis in patients treated with 5-FUci. It is suggested that

CDDP in addition to 5-FUci may overcome the malignant

potential of VEGF, although the relationship between VEGF

and the chemoresponse to FP was not as clear in the present

study as in our previous study (17).

In the phase III study (JCOG9205 (11)), FP treatment had

no survival benefit over treatment with 5-FUci even though

the response rate and TTP after FP treatment was signifi-

cantly better than after 5-FUci treatment. This study showed

that in the subset of patients with VEGF (2), 5-FUci treat-

ment resulted in slightly longer survival times than FP

treatment and the TTPs were almost equal (5-FUci 101 days,

FP 123 days). In contrast, in the subset of patients with

VEGF (þ), survival and TTP of patients treated with FP were

longer than those of patients treated with 5-FUci. From these

results, it is speculated that patients with VEGF (þ)

may achieve longer survival and TTP after treatment with

FP than with 5-FUci and that the status of VEGF expression

might be a selective marker for treatment with 5-FUci

versus FP.

In conclusion, the number of favorable phenotypes (�4

versus �3) of markers VEGF (þ), p53 (2), bcl-2 (2), TS (2),

and GST-p (2) was prognostic for the outcome of advanced

gastric cancer treatment with FP. Clinical outcomes such as

TTP and survival differed between 5-FUci and FP treatment

according to the status of VEGF expression. Although the

methodology used to evaluate biological markers in this

study might be considered less advanced than methods based

on microarrays or proteomics, the results illustrate some

important points: (i) multiple factors should be investigated

to clarify prognostic markers of cytotoxic agents, (ii) confir-

mation of results is mandatory, (iii) comparison in a phase

III study is necessary to clarify the utility of markers for

selecting treatments.
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