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Abstract
Background. Despite curative resection, 50%–90% of gastric
cancer patients die of disease relapse. Although some clinical
trials have indicated that chemotherapy and immunochemotherapy may be effective modalities, more recent studies have
not been able to define the standard treatment for advanced
gastric cancer. The present study evaluated the effect of adjuvant immunochemotherapy with the use of BCG (bacille
Calmette-Guérin) and FAM (5-fluorouracil, adriamycin,
mitomycin C) chemotherapy on the survival of patients with
locally advanced resectable gastric cancer.
Methods. A total of 156 patients with stage III or IV gastric
cancer who had undergone curative resection were randomly
assigned to three treatment groups: BCG ⴙ FAM
(immunochemotherapy), FAM (chemotherapy), and control
(surgery only). Treatment was continued for 2 years or until
death. Further postsurgical follow up was carried on for up to
10 years.
Results. Overall 10-year survival was 47.1% for the
immunochemotherapy group (P < 0.037 vs FAM and P <
0.0006 vs control), 30% for the chemotherapy group (vs control, NS), and 15.2% for the control group. In patients with
pT2/T3 primary tumors, 10-year survival was 55.3% for
BCG ⴙ FAM vs 28.2% for FAM (P < 0.01) and 14.6%
for the control group (P < 0.00018). BCG ⴙ FAM significantly improved the survival of patients with intestinal-type
but not diffuse-type cancer. Immunochemotherapy was well
tolerated.
Conclusion. This study, based on a limited number of
patients, indicates that adjuvant immunochemotherapy (BCG
ⴙ FAM) may prolong the survival of gastric cancer patients
after curative gastrectomy; in particular, in patients with pT2/
T3 tumors and intestinal-type primary tumors. There was no
survival benefit from FAM adjuvant chemotherapy.
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Introduction
Despite improvements in various treatment modalities,
gastric cancer has a poor prognosis. Surgical resection of
the tumor with the dissection of regional lymph nodes is
regarded as the only curative treatment [1]. However,
despite curative resection, 50%–90% of patients die of
cancer due to disease relapse [1,2]. As residual cancer
cells are thought to be responsible for the disease relapse, postsurgical adjuvant chemotherapy has been
implemented to prevent recurrence. Various combinations of drugs have been used for adjuvant treatment.
The current status of adjuvant chemotherapy is controversial, and only few studies have shown a benefit
from this form of treatment. However, the recent Intergroup 0116 study indicates that the combination of 5fluorouracil (5-FU) plus leucovorin chemotherapy,
combined with radiotherapy, significantly prolongs
overall survival of patients after gastrectomy when compared with no adjuvant treatment [2]. Also, adjuvant
chemotherapy with mitomycin C (MMC) alone, or combined with tegafur, improves the survival of patients after curative resection [3]. However, no survival benefit
was observed in a phase III trial of adjuvant chemotherapy with MMC, 5-FU, and cytosine arabinoside, followed by oral 5-FU, in serosa-negative gastric cancer
patients after curative resection [4].
The present trial was initiated in 1988 to assess
the efficacy of postsurgical chemotherapy alone or in
combination with immunochemotherapy. At the time
of the trial introduction, chemotherapy with 5-FU,
adriamycin, and MMC (FAM) was regarded as the most
effective for advanced gastric cancer [5] and therefore
was used in the adjuvant setting. As intensive chemotherapy may induce long-lasting immunosuppression,
which influences the antitumor response of the host [6]
the second treatment group received BCG (bacille
Calmette-Guérin) together with FAM, in order to
assess whether nonspecific immunostimulation may
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Table 1. Clinicopathological characteristics of patients in the treatment groups
Characteristics
Sex (M/F)
Age, years (mean ⫾ SD)
Stage III
A
B
Stage IV (T4N1)
Primary tumor
p T 2–3
pT4
Regional lymph nodes
p N1
p N2
Pathological type of cancer
Intestinal
Diffuse
Mixed
Location
Upper
Middle
Lower
Resection
Total
Subtotal

FAM (n ⫽ 53)

BCG ⫹ FAM (n ⫽ 51)

Control (n ⫽ 52)

43/10*
58.4 ⫾ 11.6

34/17
57.2 ⫾ 11.6

31/21
59.6 ⫾ 10.6

23
15
15

21
16
14

33
9
10

38
15

37
14

42
10

27
26

23
28

35
17

29
17
7

27
16
8

37**
11
4

9
18
26

12
14
25

11
20
21

26
27

29
22

18
34

* P ⫽ 0.052; ** P ⫽ 0.041

affect the overall response. The choice of BCG was
indicated by: its effectiveness in the treatment of experimental tumors, some effectiveness of BCG-cell wall
skeleton (BCG-CWS) in gastric cancer [7], and the excellent results of intravesical BCG in superficial bladder
cancer [8]. Furthermore, our previous trial indicated
that the addition of BCG to 5-FU increased the 5-year
survival of patients with locally advanced resectable
gastric cancer [9].
The aim of the present study was to assess the longterm effect of adjuvant immunochemotherapy (BCG ⫹
FAM) vs chemotherapy (FAM) vs control (surgery
only) on the survival of patients with locally advanced
gastric cancer following curative resection.

Patients and methods
In the 5 years prior to the trial design, the average
number of gastric cancer patients treated at the Department per year was approximately 100, and one-third of
them were estimated as being candidates for entering
the trial. Therefore, we decided to recruit patients for 5
years to achieve the number of 50 patients in each arm.
With such a sample size, and expected differences in
survival between groups of 25%, as well as a follow-up
time of 5 years, this study achieved a power of 80% at a
0.05 significance level, calculated for the two-sided log
rank test.

Patients with biopsy-proven carcinoma of the stomach who had been operated on between 1988 and 1992,
and who were classified, after postsurgical clinicopathological workup, according to the International Union
Against Cancer (UICC) TNM system [10], as having
stage III or IVA disease entered the prospective, randomized (by an envelope method) trial. To make the
analysis comparable to the results of other trials, reclassification of patients was performed, using the currently
approved staging system (UICC: TNM Classification of
malignant tumors 5th, ed., 1997[11]). Patients with stage
IIIA, IIIB, or IV (T4N1M0) gastric cancer were
included (Table 1). No patient was excluded during the
reclassification.
All patients underwent R0/R1 curative gastrectomy
with D2 lymph node, i.e., N1 and N2, dissection [12].
Indications for total stomach resection were: diffuseand mixed-type cancer according to Lauren’s classification [13], and intestinal-type cancer of the middle and
upper stomach with a proximal margin of less than 5 cm
[12]. The inclusion criteria for eligibility were: patients
below the age of 70 years, WHO performance status of
less than 2, and expected survival of 12 months or more,
with no previous treatment. Patients with low leukocyte
(⬍3 ⫻ 109/l) or platelet (⬍1 ⫻ 1011/l) levels, or elevated
alanine and aspartate transaminases were excluded.
The eligible patients were randomly assigned postoperatively to three treatment groups: BCG ⫹ FAM,
FAM, and no further treatment (control group).
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The treatment protocol was approved by the Ethics
Committee of the Jagiellonian University Medical College, and informed consent was obtained from each
patient or the patient’s family. Adjuvant therapy started
within 21–35 days after surgery. Of the 164 eligible
patients, 8 refused further treatment and were excluded
from randomization. None of the 156 randomized
patients withdrew their consent.
Chemotherapy consisted of the FAM regimen: 5-FU,
adriamycin, and MMC. All drugs were given intravenously. 5-FU, at the dose of 600 mg/m2, was delivered on
days 1, 8, 29, and 36; adriamycin, 30 mg/m2, on days 1
and 29; and MMC, 10 mg/m2, on day 1 of the cycle [5].
Each course of treatment was given every 8 weeks.
Adriamycin was stopped at a total cumulative dose of
600 mg. Fresh frozen BCG, Moreau strain (Sera and
Vaccine Laboratory, Lublin, Poland) was administered
by skin scarification to deliver 2–4 ⫻ 108 viable units
per dose, as previously described [9]. BCG treatment
started within 2 weeks from the beginning of chemotherapy and was given every week during the first 3
months and biweekly thereafter. Treatment was continued for 2 years or until death, unless withdrawn because
of unacceptable side effects.
Patients were treated at the outpatient clinic of a
single institution, and their performance status recorded during each course of therapy. A full clinical
assessment (physical, endoscopic, radiological, and
ultrasonographic, as applicable) was performed every 6
months during the treatment period and every 12
months thereafter. A complete blood count, and blood
and urine biochemistry were recorded at the beginning
of each cycle of chemotherapy. When the leukocyte
count was below 2 ⫻ 109/l, platelets were below 5 ⫻ 1011/
l, or transaminases were more than twofold elevated,
the therapy was suspended (usually for less than 6
weeks) until the toxic effects subsided. Side effects were
classified according to Southwest Oncology Group
(SWOG) criteria [14].
The primary endpoint of this study was the duration
of survival [15]. Overall survival was defined as the time
between the date of surgery and the date of death.
Survival curves were calculated by the method of
Kaplan-Meier, while statistical comparisons were made
by the two-sided log rank test [15]. The median survival
was also analyzed. Differences between the groups were
estimated using the χ2 test (Statistica program 5.0 PL;
StatSoft, Tulsa, OK, USA), and a P value of less than
0.05 was regarded as statistically significant. The hazard
ratio and its 95% confidence interval (CI) were employed for comparison of the treatment groups. Retrospective stratification according to the Cox proportional
hazard regression model was used to adjust for possible
underlying variables.

Results
There were no major differences between the treatment
groups with regard to clinicopathological characteristics
(Table 1). However, there were some imbalances in the
control group: there was a higher proportion of patients
with N1 involvement compared with the other two
groups (NS), and a higher proportion of patients with
the intestinal type of cancer according to the pathological classification of Lauren (P ⫽ 0.041), who, in
consequence, underwent subtotal resection. A higher
proportion of male patients was present in the chemotherapy (FAM) group (P ⫽ 0.052) compared with the
other two groups.
Treatment compliance was good, although the
immunochemotherapy group had more chemotherapy
cycles administered (mean, 10.1) than the chemotherapy group (mean, 8.5). This was probably due to
differences between these groups in the mortality rate
during the first 2 years, i.e., when treatment was applied
(proportion of deaths, in BCG ⫹ FAM/FAM, 74%;
proportion of cycles, 84%).
The overall survival at 10 years was 47.1% for the
immunochemotherapy group, 30% for the chemotherapy group, and 15.2% for the control group (Fig.
1A). The differences between the BCG ⫹ FAM group
and the two other groups were statistically significant (P
⬍ 0.0006 for difference from controls and P ⬍ 0.037 for
difference from FAM), while no difference between the
chemotherapy and the control group was observed. The
median survival time for the BCG ⫹ FAM group was
85.3 months, whereas it was 27.7 months for the FAM
group and 26.6 months for the control group. The hazard ratio for BCG ⫹ FAM vs FAM was 0.76 (95% CI,
0.54 ⫺ 1.03; P ⫽ 0.08), that for BCG ⫹ FAM vs control
was 0.62 (95% CI, 0.45 ⫺ 0.81; P ⫽ 0.001), and that for
FAM vs control was 0.82 (95% CI, 0.65 ⫺ 1.01; P ⫽
0.07). Multivariate analysis of the independent prognostic factors (Cox proportional hazard model) indicated
that age and N status had a significant impact on survival, although they were not different between the
treatment groups.
The differences in 10-year survival were even more
significant than differences in overall survival: 55.3%
for the BCG ⫹ FAM group, 28.2% for the FAM group,
and 14.6% for the control group when patients with
pT2/T3 primary tumors were analyzed (Fig. 1B). No
difference was observed in patients with T4 tumor (not
shown).
The effect of treatment on the survival of the subgroups of patients with intestinal type and diffuse types
of tumors was also analyzed (Fig. 2A, B). BCG ⫹ FAM
significantly improved the survival (51.8% at 10 years)
of patients with intestinal-type cancer in comparison to
the control group (P ⬍ 0.004) and the FAM group (P ⬍
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Fig. 1A,B. Overall survival (A) and survival of patients with
T2/T3 primary tumor (B). Continuous lines, control group;
dashed lines, FAM group (5-fluorouacil, adriamycin, and
mitomycin C); dotted lines, BCG (bacille Calmette-Guérm) ⫹
FAM group. A Control vs FAM, NS; control vs BCG ⫹ FAM,
P ⬍ 0.0006; FAM vs BCG ⫹ FAM, P ⬍ 0.037. B Control vs
FAM, NS; control vs BCG ⫹ FAM, P ⬍ 0.00018; FAM vs
BCG ⫹ FAM, P ⬍ 0.01

0.039). However, BCG ⫹ FAM had no significant effect
in patients with diffuse-type cancer (Fig. 2B).
Adverse side effects according to the SWOG II/III
criteria were infrequent, and consisted of myelosuppression, and cardio-, nephro-, or hepatotoxicity
(Table 2). Striking differences were observed in the
number of leukopenia episodes, which were significantly less common in the immunochemotherapy
group. The other side effects were distributed similarly
between the treatment groups, except for elevated transaminases, which were more frequent in the chemotherapy group. Among patients receiving BCG, 19
episodes of strong, short-lasting local inflammatory
reactions, usually at the beginning of therapy, and
raised temperature (up to 38°C) were noted. These
reactions usually required no medication. However, for
some patients, paracetamol or metamisol was given.
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Fig. 2A,B. Survival of patients with intestinal (A) and diffuse/
mixed (B) types of tumors. Continuous, dashed, and dotted
lines, as in Fig. 1. A Control vs FAM, NS; control vs BCG ⫹
FAM, P ⬍ 0.00435; FAM vs BCG ⫹ FAM, P ⬍ 0.03942. B
Control vs FAM, NS; control vs BCG ⫹ FAM, NS; FAM vs
BCG ⫹ FAM, NS

Discussion
This study demonstrates that the addition of BCG as
an immunostimulant to adjuvant FAM chemotherapy
significantly prolongs the survival of patients with
advanced gastric cancer who have undergone curative
resection. The reduction of about 17% in the death rate
in comparison to that in the group with FAM therapy
and about 32% in comparison to the control group is
probably clinically significant. The effect on the mortality rate of the addition of BCG as an immunostimulant
is almost identical to the 20% decreased mortality
rate observed in a large Japanese trial in which PSK
(protein-bound polysaccharide from Coriolus versicolor) was added as an immunostimulant to the standard chemotherapy (MMC ⫹ oral 5-FU) for adjuvant
treatment of patients with gastric cancer after curative
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Table 2. Adverse events of adjuvant therapy: number of episodes during the total
treatment period
SWOG II/III criteria

FAM (n ⫽ 53)

BCG ⫹ FAM (n ⫽ 51)

126*
4
1
20
17
1

45
5
3
24
10
19

Leucopenia
Thrombocytopenia
Cardiotoxicity
Nephrotoxicity
Hepatotoxicity
Local complications
(site of administration)
* P ⬍ 0.001

resection [16]. In our study, comparison of the survival
of patients treated with FAM and that of the control
group receiving no further treatment revealed no effect
of adjuvant chemotherapy. This is in keeping with other
data suggesting the lack of effect of postsurgical adjuvant chemotherapy [1,17,18]. In particular, MacDonald
et al. [18] found that FAM was not effective adjuvant
therapy for stage I-III resectable gastric cancer. It is of
interest that, in the present trial, the 5-year survival of
our FAM and control groups (25% and 34%) was very
similar to the overall survival of 32% found in a large
European Organization for Research and Treatment of
Cancer (EORTC) trial (no. 40813) [17]. That result,
taken together, with ours, suggests that FAM chemotherapy cannot be advocated as a standard adjuvant
treatment for locally advanced gastric cancer.
Our analysis of the subsets of patients with T2/T3
(Fig. 1B) vs T4 (not shown) primary tumors and intestinal versus diffuse pathological types of cancer revealed
that T2/T3 and intestinal-type tumors, but not T4
or diffuse-type tumors, responded to immunochemotherapy. Although this analysis must be treated with
caution, as these subsets of patients may have not been
compatible with regard to other variables, these findings
seem to suggest that immunochemotherapy may be
effective only in patients with small primary tumor
with intestinal-type histology. The response of patients
with T2/T3 tumors was observed in another immunochemotherapy trial (PSK ⫹ MMC ⫹ oral 5-FU vs
chemotherapy alone) in 262 patients after curative resection [16]. In that trial, the 5-year survival rates were
70.0% for the immunochemotherapy group and 60%
for the chemotherapy group. Furthermore, we also
found that BCG ⫹ FAM treatment had no impact on
the survival of patients with resectable stage T3N3 and
T4N2 gastric cancer (not shown).
Immunochemotherapy was generally well tolerated,
and no major differences in the side effects were noted
in comparison to the chemotherapy group. However,
some patients experienced a strong inflammatory reaction at the site of BCG administration, often accompa-

nied by increased body temperature. These events were
usually observed at the beginning of treatment, and
subsided during subsequent applications. A notable
difference between the treatment groups was a significantly lower incidence of leukopenia in patients receiving the BCG ⫹ FAM therapy. The reason for this is
unclear, but it could be due to the effect of granulocyte
macrophage colony-stimulating factor (GM-CSF),
which is known to be induced by BCG [19]. It is debatable whether this was an important factor that allowed
a better tolerance of chemotherapy, resulting in the
increased number of cycles of FAM therapy that these
patients received. This increased number of cycles of
FAM may be supported by findings that patients receiving GM-CSF tolerated a higher dose of chemotherapy
[20].
The nonspecific immunotherapy initiated by Mathé
[21] with the use of BCG has been largely abandoned
due to a lack of consistent effects. However, several
studies have demonstrated its effectiveness in
gastric cancer. Thus, BCG-CWS and 5FU, MMC,
arabinside cytosine (MFC) [7] or PSK and carbazilquinone [22] immunochemotherapy significantly prolonged the survival of patients with operable gastric
cancer. Similarly, postoperative immunochemotherapy
with the use of the streptococcal lysate OK-432 was
effective in patients with gastric cancer and serosal invasion [23]. Our previous observations suggested that the
addition of BCG to 5-FU improved the survival of patients with stage III gastric cancer, even though the
results were inferior in comparison to those of the
present trial [9]. However, immunochemotherapy was
not effective in other types of cancer [24], which raises
the question as to whether gastric cancer and superficial
bladder cancer [25] are exceptions. The reasons for the
beneficial effects of BCG immunotherapy are unclear,
and it is possible that several factors may influence the
outcome of this treatment [19]. These may include: the
production of tumor necrosis factor alpha (TNF) and
other antitumor cytokines, as observed in bladder
cancer treated with BCG [26], the enhancement of
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monocyte- and lymphocyte — mediated tumor cellkilling [27] synergism, or the better toleration of chemotherapy. TNF may play a special role in the local
antitumor response, as our observations suggest that,
when given intra-tumorally before surgery, TNF may
prolong the survival of patients with locally advanced
resectable gastric cancer [28], while the systemic treatment of patients with gastric cancer with BCG increases
the antitumor response of monocytes, as measured by
TNF production [19].
We conclude that adjuvant immunochemotherapy
consisting of BCG ⫹ FAM may be effective in the
prolongation of survival in patients with locally
advanced gastric cancer who have undergone curative
gastrectomy; in particular, in patients with T2/T3
and intestinal-type tumors. However, these results must
be treated with caution due to the limited number of
patients in the trial.
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