
Abstract. Aim: This prospective randomized study compared
the survival of patients with stage IB-IIIA gastric cancer
treated with surgery alone or surgery followed by adjuvant
chemotherapy. Patients and Methods: Patients with
pathological stage IB-IIIA disease were randomly assigned to
the following groups: surgery alone (n=116), or surgery
followed by adjuvant chemotherapy with 5-fluorouracil,
doxifluridine, or uracil-tegafur for 12 months (n=113). Results:
The overall survival rate was 86.1% in the adjuvant group and
78.5% in the surgery-alone group. The overall survival rate did
not significantly differ between the adjuvant-chemotherapy and
surgery-only groups (p=0.163). In the subgroup analyses,
patients with stage II disease and those receiving uracil-tegafur
treatment in the adjuvant group showed significantly better
prognosis than those in the surgery-alone group (p=0.036 and
0.005, respectively). Conclusion: This study did not find a
significant survival benefit to be associated with adjuvant
chemotherapy with fluoropyrimidines in patients with stage IB-
IIIA gastric cancer. However, it may be effective for patients
with stage II disease. Additionally, uracil-tegafur is a
promising agent for adjuvant chemotherapy of gastric cancer
if S-1 is not available because of its toxicity.

Gastric cancer is the fifth most common malignancy and the
third leading cause of cancer-related death worldwide (1).
The only curative treatment for advanced gastric cancer is
radical gastrectomy with regional lymph node dissection. In
Japan, gastrectomy with extended lymph node dissection
(D2) is considered the optimal treatment (2). Recently,
several reports have shown the efficacy of gastrectomy with
D2 (3, 4) and this was recommended for the treatment of
gastric cancer in Europe and the US (5, 6). However,
advanced gastric cancer recurrence rates are still high 
(40-80%) (7, 8) and adjuvant chemotherapy has been
proposed even after curative resection to improve patient
survival. Meta-analyses have shown that adjuvant
chemotherapy is effective and provides a significant survival
benefit for patients with advanced gastric cancer (9-14).

Fluoropyrimidine is a key chemotherapeutic drug for
treatment of unresectable and recurrent gastric cancer (15-
21). Recent trials have shown that these drugs are effective
as adjuvant chemotherapies for curative gastrectomy in
patients with locally advanced gastric cancer. Postoperative
adjuvant chemotherapy with uracil-tegafur (UFT) in patients
with serosa-negative, node-positive gastric cancer prolonged
overall and relapse-free survival (22). Subsequently,
postoperative adjuvant chemotherapy with S-1 for patients
with stage II or III gastric cancer diagnosed with the
Japanese classification (23) who underwent gastrectomy plus
D2 prolonged overall and relapse-free survival (24).
Consequently, adjuvant chemotherapy with S-1 for gastric
cancer stages II, IIIA, or IIIB is considered standard
treatment in Japan. However, some patients treated with S-1
as an adjuvant chemotherapy cannot continue this treatment
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because of the severe adverse effects of S-1. As S-1 was
designed to achieve higher concentrations of 5-fluorouracil
(5-FU) in the blood owing to the combination of 5-chloro-
2,4-dihydroxypyridine and inhibition of 5-FU degradation,
adverse effects occur more often and are more severe than
those of other oral fluoropyrimidines (25). Furthermore,
issues regarding the necessity for adjuvant chemotherapy for
other stages and the effectiveness of adjuvant chemotherapy
using other fluoropyrimidines are controversial. In the
present study, we examined the efficacy of adjuvant
chemotherapy with other fluoropyrimidines [5-FU,
doxifluridine (5’-DFUR) and UFT] instead of the standard
S-1 after curative surgery for patients with gastric cancer
with stage IB, II, and IIIA disease.

Patients and Methods

Participants and study design. The following eligibility criteria were
utilized for selecting patients: (i) histologically proven
adenocarcinoma of the stomach; (ii) curative gastrectomy with R0
resection; (iii) pathological stage IB, II, or III gastric cancer; (iv)
negative peritoneal lavage cytology during an operation; (v) under
75 years old; (vi) no therapy for gastric cancer before surgery and
(vii) adequate organ function [leucocyte count >4,000 per mm3,
platelet count >100,000 per mm3, hemoglobin count >10 g/dl,
aspartate (AST) and alanine (ALT) aminotransferase levels <1.25-
times the upper limit of normal (ULN) at the center performing the
test, total bilirubin concentration <1.25 times the ULN, blood urea
nitrogen level <1.25-times the ULN, and creatinine concentration
level <1.25-times the ULN]. Written informed consent was obtained
from all patients after approval of the Institutional Review Board
at each participating center (No. 240). The stage classification and
evaluation of resected specimens were performed in accordance
with the guidelines of the Japanese Gastric Cancer Association (23).

The eligible patients with stage IB, II, or III gastric cancer who
had undergone curative gastrectomy with R0 resection (23) were
randomly assigned to surgery only or adjuvant chemotherapy groups
within 6 weeks after surgery. These groups were assigned for
treatment with the following fluoropyrimidines: (i) 5-FU, (ii) 5’-
DFUR, or (iii). UFT. The surgery-only patients of each drug group
received no anticancer treatment after surgery, unless there was a
confirmed relapse. Within 6 weeks after surgery, patients allocated
to the adjuvant 5-FU group received an oral daily dose of 150 mg
5-FU for patients weighing ≤50 kg or 200 mg for patients weighing
>50 kg every day for 12 months. The 5’-DFUR group received an
oral daily dose of 600 mg for patients weighing ≤50 kg or 800 mg
for patients weighing >50 kg every day for 12 months. The UFT
group received an oral daily dose of 300 mg for patients with a
body surface area ≤1.3 m2 or 400 mg/body for patients with a body
surface area >1.3 m2 every day for 12 months. 

Statistical analysis. The primary endpoint was overall survival. The
secondary endpoints were relapse-free survival, site of relapse, and
relapse rate. Additionally, we compared the effectiveness of each
adjuvant chemotherapy drug. All data were analyzed with a
statistical software package (JMP version 12.2.0; SAS Institute,
Cary, NC, USA). Overall and relapse-free survival rates were
calculated using the Kaplan–Meier method and were compared with

a log-rank test among the surgery alone and adjuvant chemotherapy
after surgery groups. Hazard ratios (HRs) were calculated by Cox
regression analysis. The chi-square test was used to compare the
relapse data between two groups. A p-value of less than 0.05 was
considered statistically significant.

Results
Study profile. Between June 1997 and December 2003, 238
patients were randomly assigned to either the adjuvant
chemotherapy or surgery-only groups. One hundred and
twenty patients were randomized to the adjuvant
chemotherapy group and 118 to the surgery-only group.
After randomization, nine patients were found to be
ineligible and excluded because three were assessed as
having pathological stage I disease, five were more advanced
stages, and one had ALT levels above the eligible criterion.
Finally, 229 patients were included for analysis: 113 patients
in the adjuvant chemotherapy group and 116 patients in the
surgery-only group (Figure 1). Subsequently, patients in each
group were reassigned to 5-FU or 5’-DFUR or UFT groups
to confirm the efficacy of adjuvant chemotherapy for each
drug. In the 5-FU group, 31 patients were in the adjuvant
chemotherapy group and 40 patients were in the surgery-only
group. In the UFT group, 40 patients were in the adjuvant
chemotherapy group and 36 patients were in the surgery only
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Table I. Characteristics of the 229 patients enrolled in this study.

                                                     Adjuvant chemotherapy    Surgery only
                                                                  (n=113)                     (n=116) 

Gender ratio (male:female), n                   88:25                         87:29
Median age (range), years                     63 (36-77)                 64 (34-79)
Pathological tumor stage, n*                                                            
   T1                                                               17                              14
   T2                                                               78                              82
   T3                                                               17                              20
   T4                                                                1                                0
Pathological nodal stage, n*                                                            
   N0                                                               49                              48
   N1                                                              50                              53
   N2                                                               14                              15
Pathological stage, n*                                                                       
   Ib                                                                49                              54
   II                                                                 47                              37
   IIIa                                                              17                              25
Type of gastrectomy, n                                                                     
   Total                                                           36                              38
   Distal                                                          78                              74
   Proximal                                                      2                                5
   Other                                                           2                                0
Curability, n                                                                                       
   A                                                                 82                              70
   B                                                                 43                              34

*Japanese Classification of Gastric Carcinoma–Second English Edition. 



group. In the 5’-DFUR group, 42 were in the adjuvant
chemotherapy group and 40 patients were in the surgery only
group. The clinical characteristics were similar between the
adjuvant chemotherapy and surgery only groups (Table I). 

Adverse events. The patients in the adjuvant chemotherapy
group were evaluated for adverse events and treatment
compliance. Sixteen patients (51.6%) completed the one-year
protocol in the 5-FU group, 21 patients (52.5%) in the UFT
group and 19 patients (45.2%) in the 5’-DFUR group. In the
5-FU group, four patients (12.9%) were withdrawn from
treatment because of adverse events, two patients (6.5%)
because of recurrence and five patients (16.1%) because of
patient refusal. In the UFT group, seven patients (17.5%)
were withdrawn from treatment because of adverse events,
two patients (5.0%) because of recurrence and four patients
(10.0%) because of patient refusal. In the 5’-DFUR group,
seven patients (16.7%) were withdrawn from treatment
because of adverse events, one patient (2.4%) because of
recurrence and eight patients (19.0%) because of patient
refusal. In the adjuvant-chemotherapy groups, adverse
events, including gastrointestinal disorder, nausea, diarrhea,
anorexia, gastrointestinal hemorrhage, dyspnea, malaise and
hand-foot syndrome, were observed in eight patients treated
with 5-FU (Table II). In the UFT group, six patients suffered
from hepatic dysfunction, two displayed leukocytopenia and
diarrhea, and one patient had urticaria. In the 5’-DFUR
group, there were four patients suffering from
gastrointestinal disorders and 6 patients with hepatic

dysfunction, dizziness, pruritus, gastrointestinal hemorrhage,
leukocytopenia and anorexia.

Survival analyses. The median follow-up period was 5.5
years. Twenty patients died in the adjuvant chemotherapy
group and 26 patients died in the surgery-only group. The
causes of death were disease-specific in 15 patients and due
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Figure 1. CONSORT flow chart. 5-FU: 5-Fluorouracil, 5’-DFUR: doxifluridine, UFT: uracil-tegafur.

Table II. Adverse events.

                                                          5-FU              UFT           5’-DFUR
                                                         (n=31)          (n=40)          (n=42) 

All events, n                                  8 (25.8%)    11 (27.5%)    10 (23.8%)
   Gastrointestinal disorder                  1                    0                    4
   Nausea                                               1                    0                    0
   Diarrhea                                            1                    2                    0
   Anorexia                                           1                    0                    1
   Gastrointestinal hemorrhage            1                    0                    1
   Dyspnea                                            1                    0                    0
   Fatigue                                              1                    0                    0
   Malaise                                              0                    0                    0
   Hepatic dysfunction                         0                    6                    1
   Leukocytopenia                                0                    2                    1
   Dizziness                                           0                    0                    1
   Urticaria                                            0                    1                    0
   Pruritus                                              0                    0                    1
   Hand-foot syndrome                        1                    0                    0

5-FU: 5-Fluorouracil; UFT: uracil-tegafur; 5’-DFUR: doxifluridine.



to other reasons in five in the adjuvant chemotherapy group.
Cancer-related death was observed in 20 patients and death
attributable to other causes was observed in five patients in
the surgery-only group. The 5-year overall survival rate was
86.1% for the adjuvant chemotherapy group and 78.5% for
the surgery-only group. The overall survival rate did not
significantly differ between the adjuvant chemotherapy and
surgery-only groups (HR=0.64, 95% CI=0.33-1.20, p=0.163)
(Figure 2A). The 5-year relapse-free survival rate was 88.6%
for the adjuvant chemotherapy group and 79.3% for the
surgery-only group. The relapse-free survival rate did not

significantly differ between the adjuvant chemotherapy and
surgery-only groups (HR=0.52, 95% CI=0.25-1.04, p=0.063)
(Figure 2B). In subgroup analyses, overall survival was
analyzed according to the pathological stage and the drug
used for adjuvant chemotherapy (Figures 3 and 4). The
overall survival of patients with pathological stage IB or III
showed no significant difference between the adjuvant-
chemotherapy and surgery-only groups. By contrast, the
overall survival of patients with pathological stage II disease
was significantly better in the adjuvant-chemotherapy group
than that in the surgery-only group (HR=0.36, 95% CI=0.12-
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Figure 2. Overall (A) and relapse-free (B) survival for all 299 patients. p-Values from log-rank test.

Figure 3. Overall survival for patients with stage IB (A), stage II (B) and stage IIIA (C) gastric cancer. p-Values from log-rank test.



0.94, p=0.036; log-rank p=0.033). In comparison of the
drugs used for adjuvant chemotherapy, the 5-FU and 5’-
DFUR groups showed no significant differences in overall
survival between the adjuvant-chemotherapy and surgery-
only groups. By contrast, overall survival for the UFT group
was significantly better for the adjuvant-chemotherapy group
than that for the surgery-only group (HR=0.16, 95%
CI=0.02-0.61, p=0.005; log rank p=0.007). Seventeen
patients (15.0%) had recurrent disease in the adjuvant
chemotherapy group compared with 25 patients (21.6%) in
the surgery-only group. The most common site of recurrence
was in the liver (18 patients), followed by the peritoneum
(12 patients). Recurrence in the liver was found to have a
significantly lower incidence in the chemotherapy group than
that in the surgery-only group (Table III).

Discussion

In this randomized study, we did not demonstrate survival
benefits for adjuvant chemotherapy with fluoropyrimidines
in patients with stage IB or II or IIIA gastric cancer after
curative surgery. However, in the subgroup analysis, the
overall survival of patients with stage II disease treated with
adjuvant chemotherapy was significantly better than in those
treated with surgery alone: the 5-year overall survival rates
were 87.1% and 67.7%, respectively. Among patients with
stage III disease, the results from this trial did not

demonstrate benefits for adjuvant chemotherapy with respect
to overall survival. The ACTS-GC and CLASSIC trials
recently reported that postoperative adjuvant chemotherapy
with S-1 or capecitabine plus oxaliplatin after D2
gastrectomy prolonged overall survival, including that of
patients with stage III disease (24, 26, 27). These results
indicate that more powerful regimens are necessary for
adjuvant chemotherapy to improve survival in patients with
more advanced disease, such as those with stage III disease.
In other subgroup analyses, the overall survival of the UFT
group was significantly better in the adjuvant chemotherapy
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Figure 4. Overall survival in patients treated with 5-fluorouracil (A), uracil-tegafur. (B) and doxifluridine (C). p-Values from log-rank test.

Table III. First site of recurrence.

Site                                         Adjuvant                 Surgery         p-Value
                                         chemotherapy, n            only, n
                                                 n=113                     n=116                 

Peritoneal                               5 (4.4%)                 7 (6.0%)           0.769
Liver                                       4 (3.5%)               14 (12.1%)         0.025
Distant lymph nodes              4 (3.5%)                 4 (3.4%)          >0.999
Local                                       1 (0.9%)                 1 (0.9%)          >0.999
Other                                       1 (0.9%)                 1 (0.9%)          >0.999
Unknown                                4 (3.5%)                 1 (0.9%)            0.37
Total number of                  17 (15.0%)             25 (21.6%)         0.234
recurrent cases                             



group than that in the surgery-alone group. The 5-year
overall survival rate was 94.9% in the adjuvant
chemotherapy group and 70.3% in the surgery-alone group.
The N-SAS-GC trial showed similar results, with 86% for
the adjuvant group with UFT and 73% for surgery alone in
stage II and III patients with gastric cancer (22). Compared
to the patients treated with surgery alone (n=116) in our trial,
although 5-FU and 5’-DFUR did not show survival benefits,
for the UFT group (n=40) overall survival was significantly
better in the adjuvant chemotherapy group than that in
patients treated with surgery alone (HR=0.23, 95% CI=0.04-
0.76, p=0.013; log-rank p=0.027). The decreased liver
metastasis in patients treated with adjuvant chemotherapy
cannot be attributed to a worse-than-expected outcome in the
surgery-only group because there was a 12.1%
hematogenous metastatic rate among patients treated with
surgery alone in our study, which was similar to those of
other relevant studies (14.7% in N-SAS-GC and 11.3% in
ACTS-GC) (22, 24). Although these trials had a significantly
lower incidence of distant lymph node metastasis in the
adjuvant chemotherapy group than that in the surgery-alone
group, our trial did not show a significant benefit in lymph
node recurrence as only one case was observed in both the
adjuvant-chemotherapy and surgery-alone groups.

The eligibility criteria for the N-SAS-GC and ACTS-GC
trials excluded patients with T1 gastric cancer, and the
CLASSIC trial included T1-staged patients, although there
were only 11 (3% of total patients) enrolled in the study. By
contrast, in our trial, 31 patients with T1 tumors were
included, which was 13.5% of the total cases enrolled.
Although adjuvant chemotherapy with capecitabine plus
oxaliplatin significantly prolonged overall survival, the
toxicity of the combination chemotherapy was also prominent
in the CLASSIC trial. Adverse events of all grades were
present in 99% of all cases and grade 3 and 4 adverse events
were present in 56% (27). Consequently, 33% (174 out of
520) of patients withdrew from the active adjuvant
chemotherapy in this trial. In the ACTS-GC trial, similar
numbers of patients also withdrew from S-1 treatment (34%,
177 out of 517). However, only 14% (17 out  of 120) of
patients withdrew from the adjuvant chemotherapy. These
results indicate that adjuvant chemotherapy with other oral
fluoropyrimidines instead of S-1 results in better compliance. 

There are several potential limitations of this study, such
as the limited number of patients and the three different types
of oral fluoropyrimidines used for adjuvant chemotherapy.
For these reasons, this study did not demonstrate advantages
for fluoropyrimidine adjuvant chemotherapy. In 2007, the
ACTS-GC trial demonstrated that S-1 was an effective
adjuvant chemotherapy for patients with stage II and III
gastric cancer after curative surgery. Currently, S-1 treatment
is a standard therapy for stage II and III disease. In
conclusion, this study did not show significant benefits for

postoperative adjuvant chemotherapy with fluoropyrimidine
in patients with stage IB-IIIA gastric cancer after curative
surgery. However, it may be effective for those with stage II
disease. Among the tested drugs, UFT is a promising agent
for gastric cancer adjuvant chemotherapy if S-1 is not
available because of its toxicity.
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