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Background: This prospective randomized study compared the survival of patients with tumour node
metastasis (TNM) stage T2 N1–2 gastric cancer treated by gastrectomy alone or gastrectomy followed
by uracil–tegafur.
Methods: Patients were randomly assigned to surgery alone or to surgery and postoperative
uracil–tegafur 360 mg per m2 per day orally for 16 months. The primary endpoint was overall survival.
Relapse-free survival and site of recurrence were secondary endpoints.
Results: Of 190 registered patients, 95 were randomized to each group; two patients with early cancer
were subsequently excluded from the chemotherapy group. The trial was terminated before the target
number of patients was reached because accrual was slower than expected. Drug-related adverse effects
were mild, with no treatment-related deaths. At a median follow-up of 6·2 years, overall and relapse-free
survival rates were significantly higher in the chemotherapy group (hazard ratio for overall survival 0·48,
P = 0·017; hazard ratio for relapse-free survival 0·44, P = 0·005), confirming the survival benefit shown
in an interim analysis performed 2 years earlier.
Conclusion: Interim and final analyses revealed a significant survival benefit for postoperative adjuvant
chemotherapy with uracil–tegafur in patients with serosa-negative, node-positive gastric cancer.
Registration number: NCT00152243 (http://www.clinicaltrials.gov).
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Introduction

Although recent meta-analyses have suggested that
adjuvant chemotherapy provides a significant survival
benefit after curative gastrectomy in patients with locally
advanced gastric cancer1–8, few individual trials have
demonstrated this. Trials of adjuvant chemotherapy have

The Editors have satisfied themselves that all authors have contributed
significantly to this publication

suggested that future studies would require appropriate
selection of the target population and intensive dosage
regimens based on evidence9. After several multicentre
clinical trials had produced negative results10–26, the
present authors designed a new dose escalation study with
a simple regimen of uracil–tegafur in a well defined target
population.

Most previous studies used uracil–tegafur in an adjuvant
context in combination with other drugs. The daily dose
was generally 300–400 mg (188–250 mg/m2), lower than
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that recommended as monotherapy, to ensure safety25.
Studies with multiple drug regimens have generally shown
negative or marginal survival benefits, although a trial in
patients with moderately locally advanced gastric cancer
of tumour node metastasis (TNM) stage T2 N1–2
demonstrated better survival after adjuvant chemotherapy
with uracil–tegafur and mitomycin C than surgery alone25.

In 1997, the National Surgical Adjuvant Study Group
decided to perform large, simple clinical trials of
uracil–tegafur monotherapy with intensive dosage regi-
mens in breast, colorectal and gastric cancer. In accordance
with the standard dose of uracil–tegafur for advanced gas-
tric cancer27 (response rate 27·5 per cent), 360 mg per m2

per day was used for 5 days, followed by 2 days of rest,
for 16 months. The total dose of uracil–tegafur with this
regimen was almost identical to that used for conventional
multiple drug regimens (210 mg/m2 daily for 18 months).
In the present study this regimen alone was used in a well
defined subset of patients who had undergone curative
gastrectomy.

Methods

Eligible patients with T2 N1–2 gastric cancer who had
undergone curative gastrectomy and extended lymph node
(D2) dissection (complete (R0) resection) were randomly
assigned to control or chemotherapy groups within 6 weeks

Table 1 Characteristics of the 188 patients

Chemotherapy
(n = 93)

Control
(n = 95)

Sex ratio (M : F) 70 : 23 73 : 22
Median age (years) 63 64
Depth of tumour invasion (pT2)

Muscularis propria 49 46
Subserosa 44 49

Lymph node metastasis*
n1 69 72
n2 24 23

Type of gastrectomy
Total 34 26
Distal 59 67
Proximal 0 2

Lymph node dissection*
D2 80 80
D3 7 8
D4 6 7

*Japanese Classification of Gastric Carcinoma29.

of surgery. A dynamic allocation technique (modified mini-
mization technique) was used for randomization at a central
registration centre, with N stage (N1 or N2) and institu-
tion as adjustment variables. Random allocation was strictly
controlled by an independent National Surgical Adjuvant
Study Group Data Centre, and institutional data monitor-
ing was carried out to avoid investigator-related bias.

Within 6 weeks of surgery, patients allocated to the
chemotherapy group received an oral daily dose of

Patients with T2 N1–N2 gastric cancer
and D2 or higher resection assessed

for eligibility
n = 190

Randomized
n = 190

Excluded n = 0
Did not meet inclusion
   criteria n = 0
Refused to participate n = 0
Other reasons n = 0

Allocated to chemotherapy plus adjuvant
   therapy with uracil–tegafur n = 95
Received intervention n = 93
Did not receive intervention n = 2

Early gastric cancer n = 2

Lost to follow-up n = 0 Lost to follow-up n = 0

Analysed n = 93 Analysed n = 95

Allocated to no intervention plus no
   adjuvant therapy n = 95
Received intervention n = 95
Did not receive intervention n = 0
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Fig. 1 CONSORT flow chart
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Fig. 2 Overall survival in a all 188 eligible patients, b 141 patients with N1 cancer and c 47 patients with N2 cancer. a P = 0·017, b
P = 0·061, c P = 0·124 (stratified log rank test)

uracil–tegafur of 360 mg/m2 for 5 days every week for
16 months. Patients allocated to the control group were
followed up with no adjuvant chemotherapy. Eligibility
criteria included histologically proven adenocarcinoma
of the stomach, curative gastrectomy with D2 or
greater lymph node dissection, pathological T2 N1–2
gastric cancer, an Eastern Cooperative Oncology Group
performance status of 0–2, age between 20 and 75 years,
no previous chemotherapy and adequate organ function
(leucocyte count over 4000 per mm3, platelet count above
100 000 per mm3, aspartate and alanine aminotransferase
levels lower than twice the upper limit of normal (ULN) at
the centre performing the test, total bilirubin concentration
less than 1·5 times the ULN, blood urea nitrogen level less

than 1·5 times the ULN, and creatinine concentration less
than 1·5 times the ULN). Written informed consent was
obtained from all patients after approval of the Institutional
Review Board at each participating centre.

Statistical analysis

The primary endpoint of the trial was overall survival.
Secondary endpoints were relapse-free survival and site
of relapse. Overall and relapse-free survival rates were
calculated using the Kaplan–Meier method. P values were
derived with the stratified log rank test according to
N stage. Hazard ratios (HRs) were calculated by Cox
regression analysis using N stage as a co-variate.
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Table 2 Adverse events

Chemotherapy (n = 92)* Control (n = 94)*

Grade 3† Grade 4† Grade 3† Grade 4†

All events 29 of 92 (32) 1 of 92 (1) 4 of 94 (4) 0 of 94 (0)
Neutropenia 11 of 83 (13) 0 of 83 (0) 0 of 78 (0) 0 of 78 (0)
Anaemia 1 of 91 (1) 0 of 91 (0) 0 of 92 (0) 0 of 92 (0)
Raised AST level 1 of 91 (1) 0 of 91 (0) 2 of 92 (2) 0 of 92 (0)
Raised ALT level 2 of 91 (2) 0 of 91 (0) 2 of 92 (2) 0 of 92 (0)
Hyperbilirubinemia‡ 8 of 89 (9) 0 of 89 (0) 2 of 90 (2) 0 of 90 (0)
Nausea/vomiting 1 of 92 (1) 0 of 92 (0) 0 of 94 (0) 0 of 94 (0)
Diarrhoea 1 of 92 (1) 1 of 92 (1) 0 of 94 (0) 0 of 94 (0)
Infection 1 of 92 (1) 0 of 92 (0) 0 of 94 (0) 0 of 94 (0)
Anorexia 6 of 92 (7) 0 of 92 (0) 0 of 94 (0) 0 of 94 (0)
Rash 1 of 92 (1) 0 of 92 (0) 0 of 94 (0) 0 of 94 (0)

Values in parentheses are percentages. *One patient excluded from
chemotherapy group for refusal of drug administration, and one from
control group at patient’s request. †Japan Clinical Oncology Group
criteria28. ‡More than twice the upper limit of normal. AST, aspartate
aminotransferase; ALT, alanine aminotransferase.

The 5-year overall survival rate of this patient sub-
set (T2 N1–2) was 70 per cent in a previous study25, and a
33 per cent reduction in the HR was expected (correspond-
ing to a 5-year overall survival rate of 78·8 per cent). The
necessary sample size was 244 patients per group, assum-
ing a 3-year accrual period and 5-year follow-up, with a
statistical power of 80 per cent to achieve a one-sided sig-
nificance level of 0·050. The accrual goal was 500 patients.
All analyses were based on intention-to-treat groups.

An Independent Data Monitoring Committee (IDMC)
monitored the trial. Two interim analyses were originally
planned, 1 and 3 years after all patients had been enrolled.
Significance levels were set at 0·005 and 0·020 (one-sided)
respectively. After closing the registration, the IDMC
decided to undertake a single interim analysis at 2 years,
owing to a lower rate of accrual than anticipated. When
this interim analysis revealed a difference in survival rates
between the two groups, the IDMC did not disclose this
finding to investigators. Second interim and final analyses
were then undertaken as originally planned at 3 and 5 years.
Adverse events were evaluated using the toxicity grading
criteria of the Japan Clinical Oncology Group28.

Multivariable analysis was carried out with a Cox
proportional hazards model to identify independent
prognostic factors using treatment group, sex, age group,
depth of invasion and extent of lymph node metastasis as
explanatory variables.

Results

As accrual was slower than expected, recruitment of
patients was terminated midway through the trial before

the target number of patients was reached. Between June
1997 and March 2001, 190 patients were enrolled in the
study, 95 randomized to the chemotherapy group and 95
to the control group. Two patients were ineligible after
randomization and were excluded from the analysis because
the final pathological report revealed early gastric cancer.
Thus, 188 patients, 93 in the chemotherapy and 95 in
the control group, were included in the intention-to-treat
analysis (Fig. 1).

Clinical characteristics of the 188 patients are shown in
Table 1. All major prognostic factors were similar in the
two groups.

Of patients in the chemotherapy group with no
recurrence, 80 per cent (73 of 91) received all scheduled
doses of uracil–tegafur during the first 3 months, and
51 per cent (44 of 86) did so for 16 months. Two patients
were withdrawn from treatment as a result of recurrence
during the first 3 months, and seven for recurrence by
16 months.

Adverse events during follow-up are shown in Table 2.
The main events in the chemotherapy group were bone
marrow suppression (grade 3 neutropenia, 13 per cent),
liver dysfunction (grade 3 hyperbilirubinaemia, 9 per cent)
and gastrointestinal dysfunction (grade 3 anorexia,
7 per cent). Grade 4 diarrhoea occurred in one patient
in the chemotherapy group.

At the 2-year interim analysis conducted in December
2003, both overall and relapse-free survival rates were
significantly better in the chemotherapy group. The second
interim analysis was conducted in November 2004 after a
median follow-up of 3·8 years (3 years after registration
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Fig. 3 Relapse-free survival in patients in the chemotherapy
group compared with that in the control group. P = 0·005 (log
rank test)
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Table 3 First site of relapse

Chemotherapy
(n = 93)

Control
(n = 95) P*

Peritoneal 4 3 0·680
Local 0 4 0·050
Haematogenous 9 14 0·290
Distant lymph nodes 2 11 0·010

Total no. of relapses 13 28

Some patients had more than one type of recurrence. *χ2 test.

was closed). Survival rates remained significantly better in
the chemotherapy group (HR 0·46, 13 per cent difference
in survival at 4 years).

These survival benefits were confirmed by the final
analysis, performed after a median follow-up of 6·2 years
after surgery (5 years after registration was closed).
The 5-year overall survival rate was 86 per cent in the
chemotherapy group and 73 per cent in the control group
(P = 0·017) (Fig. 2a). The HR for overall survival in the
chemotherapy group relative to the control group was
0·48 (95 per cent confidence interval (c.i.) 0·26 to 0·89).
Figs 2b and 2c show the results of a planned subset
analysis of overall survival according to N1 (HR 0·52
(95 per cent c.i. 0·26 to 1·05); P = 0·061) and N2 (HR
0·40 (95 per cent c.i. 0·12 to 1·34); P = 0·124) status. The
results of a similar analysis of 5-year relapse-free survival
in chemotherapy and control groups are shown in Fig. 3
(85 versus 68 per cent respectively; HR 0·44 (95 per cent
c.i. 0·25 to 0·79); P = 0·005).

Multivariable analysis showed that treatment group (P =
0·021) and sex (P = 0·032) were significant independent
prognostic factors, whereas the other three explanatory
variables were not (age group, P = 0·918; depth of cancer
invasion, P = 0·539; extent of lymph node metastasis,
P = 0·996).

All causes of death included 13 recurrences in the
chemotherapy group, 28 in the control group, two deaths
from other cancers in the chemotherapy group, and one
death unrelated to disease (traffic accident) and one for
unknown reasons in the control group.

Table 3 shows the first sites of relapse in the two groups.
The most common type of relapse was haematogenous
metastasis to the liver. Patients in the chemotherapy group
had a lower incidence of nodal metastatic recurrence.

Discussion

Both the second interim analysis after a median follow-up
of 3·8 years and the final analysis after a median of 6·2 years
showed a significant survival benefit for patients with T2

N1–2 gastric cancer following curative D2 gastrectomy
and adjuvant chemotherapy with uracil–tegafur. Previous
studies of adjuvant chemotherapy have not shown such a
significant benefit30–32.

Kato and colleagues33 first reported the survival benefit
of adjuvant uracil–tegafur alone in non-small cell lung
cancer after curative surgery. Uracil–tegafur is widely used
in Japan, but not in other countries. This is the first report
to document a significant survival benefit for adjuvant
uracil–tegafur in patients with gastric cancer.

The unexpectedly large difference in survival between
the groups is a cause for concern. Such a significant finding
was unexpected because the number of patients was much
smaller than planned. Slow accrual might have been due
partly to a lack of enthusiasm among investigators for
the use of uracil–tegafur, on the basis of earlier trials.
Some eligible patients might have been enrolled in other
concurrent trials with similar eligibility criteria. Although
some institutional selection bias may have been present,
this was not reflected in the allocation of registered patients.
The interim analysis unexpectedly revealed a HR of 0·46,
corresponding to a 13 per cent difference in 4-year overall
survival rate, at a median follow-up of 3·8 years, reaching
the predefined significance level. The survival difference
continued for more than 5 years after surgery and was
confirmed at the final analysis, after a median follow-up of
6·2 years.

The large reductions in HR for overall and relapse-
free survival may be attributable to several factors. One
is the difference in the clinical stage of disease between
the patients in this and earlier studies conducted by this
group25,26. Patients in the present study had T2 N1–2
gastric cancer, whereas the authors’ previous study included
patients with T1 and T2 N1–2 disease. The exclusion of
T1 cancer from the present study resulted in poorer 5-
year overall survival in the control group than in the
earlier trial, but almost no change in overall survival in
the chemotherapy group, resulting in a significant survival
difference. The difference in survival may therefore have
been attributable to better patient selection, a higher
dosage of uracil–tegafur than used in previous regimens25

and a long duration of treatment.
A second concern was whether the survival difference

actually resulted from the chemotherapy. Small numbers of
patients per centre might theoretically bias the allocation
of patients to treatment, but there was no evidence of
this. Treatment allocation was strictly controlled by an
independent data centre, minimizing the possibility of bias
related to centre or investigator. The clinical characteristics
of both chemotherapy and control groups were similar,
and only two patients (1·1 per cent) were excluded from
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analysis because of protocol violations (early cancer). The
rate of compliance with treatment was 80 per cent during
the first 3 months of chemotherapy and 51 per cent at the
end of the study, despite the long treatment period. Lower
compliance at the end of the study was due to adverse
events, patient refusal or loss to follow-up. Compliance
rates were consistent with those of other recent trials33–37.

The cause of death was established in most patients. The
incidence of distant lymph node relapse was significantly
lower in the chemotherapy group, suggesting that after D2
dissection adjuvant chemotherapy might have inhibited
the growth of minimal residual tumour in distant nodes.
On subset analysis according to N1 and N2 status, the
survivals of patients in the chemotherapy groups were
almost identical, and the larger difference, though not
statistically significant, in survival rate in patients with
N2 disease might have resulted from a higher rate of
residual cancer in distant nodes after D2 surgery than in
those with N1 disease. No differences were observed in
other types of relapse, such as liver or peritoneal metastasis.
Multivariable analysis showed that treatment group and sex
were significant independent prognostic factors, providing
further evidence that the survival benefit was derived from
adjuvant chemotherapy.

Although not widely used in Western countries until
recently, adjuvant uracil–tegafur treatment appears to
be effective in other cancers34–36. The survival benefit
achieved with oral uracil–tegafur plus leucovorin is
similar to that with intravenous 5-fluorouracil and
leucovorin, but with less toxicity, in colorectal cancer.
Adjuvant chemotherapy with uracil–tegafur alone is
effective in patients with non-small cell lung33 and
rectal38 cancer. Apart from direct cytocidal activity,
low-dose chemotherapy with uracil–tegafur has been
shown experimentally to have antiangiogenic effects on
endothelial cells39. This could also influence survival.

In the present trial, the main side-effect associated
with uracil–tegafur alone was moderate myelosuppression.
Uracil–tegafur alone is associated with milder side-effects
than when combined with leucovorin35,36. The advantages
of survival benefit, mild toxicity and ease of administration
on an outpatient basis make this an attractive approach.
It was on this basis that a further large-scale clinical trial
was recently undertaken in Japan using adjuvant S-1, a
successor to uracil–tegafur that is anticipated to be more
effective40.

Patient selection is important in the context of adjuvant
chemotherapy trials. It seems unreasonable to assume that
a given regimen of adjuvant chemotherapy will be effective
for all stages of disease. Conversely, selected groups of
patients might benefit in terms of survival. Similarly, the

quality of surgery may also be important. D2 gastrectomy
for patients in the present trial carried only a small risk of
stage misclassification.

Whether the present results can be extrapolated
to other countries is important. Provided that D2
gastrectomy can be performed with a high level of
reliability and low perioperative mortality, these results
should be reproducible, because the outcomes of adjuvant
chemotherapy appear to depend largely on the amount of
residual tumour and the quality of surgery41. Macdonald
and colleagues37 in the USA reported encouraging results
for adjuvant chemoradiotherapy in patients who had
undergone curative gastrectomy. Their results may be
representative as well as reproducible in that country,
where D2 lymph node dissection is not performed
routinely. Inadequate surgery might have resulted in
large amounts of residual tumour in that trial. Adjuvant
chemoradiotherapy may have suppressed locoregional
relapse, thereby compensating for inadequate lymph node
dissection. Although there is no evidence to support
the superiority of D2 over D1 (limited lymph node
dissection) or D0 (local) resection42, many Japanese
studies, as well as some reports from high-volume
centres in Western countries, suggest that extended
lymphadenectomy enhances postoperative survival43,44.
The regimen for adjuvant therapy with uracil–tegafur
might produce different outcomes under different surgical
resection standards.
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