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Abstract. We evaluated the effects of chemotherapy given 
postoperatively with and without immunomodulators on 
the survival of patients who had undergone resection for 
gastric cancer. We conducted a retrospective survey of data 
on 963 Japanese patients treated at our department of sur- 
gery between 1965 and 1987. Data related to the duration 
of postoperative survival were calculated for those who 
received chemotherapy, i. e. an individualized combination 
of various agents given with or without the immunomodu- 
lators PSK, a protein extract of the fungus Coriolus versi- 
color, and/or OK-432, a preparation of an attenuated strain 
of Streptococcus (immunochemotherapy). Postoperative 
immunochemotherapy was more often prescribed for 
patients with advanced disease. The survival of  patients 
who received immunochemotherapy was shorter than that 
of patients who received only chemotherapy. In a subgroup 
of patients adjusted for disease stage, the survival of those 
on chemotherapy versus immunochemotherapy did not 
differ significantly at any stage. For optimal results, a 
protocol for postoperative immunochemotherapy needs to 
be designed and investigated prospectively and according 
to the stage of gastric cancer. The stage III gastric cancers 
seem amenable to a favorable response. 

Introduction 

Postoperative long-term cancer chemotherapy for patients 
with gastric cancer has included a combination of mitomy- 
cin C (MMC), 1-(2-tetrahydrofuryl)-5-fluorouracil (tega- 
fur), and an immunomodulator (PSK and/or OK-432) [1, 
11, 14, 18, 21]. PSK is a protein-bound preparation ex- 
tracted from Coriolus versicolor, a basidiomycete [29]. 
OK-432 is a lyophilized preparation of an attenuated strain 

of Streptococcus [30]. These two agents have exhibited 
marked effects on host defense mechanisms in Japanese 
cancer patients treated in Japan. We previously reported 
that the combined administration of mitomycin C, tegafur, 
and PSK for 1 year postoperatively prolonged the survival 
of patients with advanced gastric cancer following curative 
resection as compared with that of the no-chemotherapy 
group as determined in a retrospective study [18]. In an 
analysis based on factors of serosal invasion (ps) and 
lymph-node metastasis (n), this adjuvant chemotherapy is 
effective for patients with ps(+)n(-) and ps(-)n(+). As the 
effectiveness of postoperative irnmunochemotherapy has 
been investigated in only a limited subset of gastric 
cancers, the effectiveness of immunomodulators has re- 
mained to be defined [19]. As a retrospective analysis 
should aid in determining whether such drugs should be 
prescribed at each stage of gastric cancer, we examined our 
files concerning the duration of survival of patients with 
various stages of gastric cancer who had been given such 
drugs. 

Patients and methods 

Patients. Between 1965 and 1987, 963 Japanese patients with gastric 
cancer and no evidence of any other malignancy underwent gastric 
resection followed by the postoperative administration of anticancer 
drugs. All were treated in the Department of Surgery II, Kyushu Univer- 
sity Hospital. Of those 963 patients, 627 (65.1%) were given postopera- 
tive chemotherapy and 336 (34.9%) were additionally given immuno- 
modulators (immunochemotherapy). Pathological diagnosis and classifi- 
cation of the resected gastric cancer tissues were carried out according to 
the General Rules for the Gastric Cancer Study in Surgery and Pathology 
in Japan [8, 9]. Gastric resection based on lymph-node dissection was 
classified as follows: R0, gastric resection including the incomplete 
removal of group 1 lymph nodes; R1, gastric resection including the 
complete removal of group 1 lymph nodes alone; R2, gastric resection 
including the complete removal of group 1 and 2 lymph nodes; and R3, 
gastric resection including the complete removal of group 1, 2, and 3 
lymph nodes [8]. 
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pyrimidines tegafur, UFT [uracil/tegafur (4: 1)], and 1-hexylcarbamoyl- 
5-fluorouracil; thiotepa; cyclophosphamide; neocarzinostatin; car- 
boqaone; doxorubicin; aclarubicin; and bleomycin. Drug combinations 
and dosing varied from patient to patient. Postoperative immuno- 
chemotherapy was given to 336 patients by adding PSK (284 patients) 
and/or OK-432 (103 patients) to the chemotherapy. 

StatisticalanaIysis. The BMDP statistical package program (BMDP, Los 
Angeles, Calif.) for the IBM (Armonk, NY) 4381 mainfiame computer 
was used for all analyses [2]. The BMDP P4F and P3S programs were 
used for the chi-square test and the Mann-Whitney test to compare data 
on patients who received immunochemotherapy versus those given che- 
motherapy alone. The BMDP P1L program was used to analyze survival 
data by the Kaplan-Meier method, and the generalized Wilcoxon test was 
used to test for equality of the survival curves. The level of statistical 
significance was P <0.05. 

Results 

Clinicopathological factors 

Table  1 shows c l in icopathologica l  data  on the 627 patients 
who rece ived  chemotherapy  and the 336 who were given 
immunochemotherapy .  A l l  had undergone  gastric resec-  
t ion pr ior  to t reatment.  Fo r  pat ients  g iven immuno-  
chemotherapy ,  l ymph-node  metas tas is  was more  promi-  
nent, and the rates of  lymphat ic  invo lvement  and per i toneal  
d i ssemina t ion  were  higher.  Thus, in this group the tumor  
was more  advanced  and the rate of  noncura t ive  resect ion 
was higher  (38.1%). Stage dis t r ibut ion into two groups 
based  on the Genera l  Rules  for the Gast r ic  Cancer  Study in 
Surgery and Pa tho logy  in Japan [8] revea led  that more  
advanced  cases were  prescr ibed  i rmnunochemotherapy  
(P = 0.000; Fig. 1). 

Survival 

The pos topera t ive  survival  curve genera ted  for  pat ients  
who rece ived  immunochemothe rapy  was compared  with 
the curve obta ined  for those given chemotherapy .  Analys i s  
of  the pos topera t ive  survival  curves de te rmined  for all 
patients exc luded 10 patients (1.0%) who died within the 
first 30 pos topera t ive  days  and 5 (0.5%) for w h o m  data  on 
survival  durat ion could  not  be  determined.  The survival  of  
pat ients  who rece ived  immunochemothe rapy  was lower  
than that o f  patients g iven chemotherapy  (P = 0.000; 
Fig. 2); the 10-year survival  was 52.1% for patients g iven 
pos topera t ive  chemotherapy  and 39.2% for those  given 
pos topera t ive  immunochemothe rapy .  In a subgroup o f  
patients strat if ied to adjust  for d isease  stage, we observed  
no s ignif icant  d i f ference in survival  at any stage o f  the 
d isease  (stage I, P = 0.143; stage II, P = 0.371; stage III, 
P = 0.092; stage IV, P = 0.695; Fig.  3). 

Discussion 

P S K  given oral ly  as a hos t -media ted ,  nonspeci f ic  immuno-  
modula to r  b locks  serum-suppress ive  factors [24], restores 
inter leukin 2 (IL-2) product ion  in the tumor-bear ing host  
[12], and augments  the cy to toxic i ty  of  lymphocytes  [22]. 

Table 1. Clinicopathological factors in patients with gastric cancer 
treated with chemotherapy or irnmunochemotherapy 

Variable Chemotherapy Immunochemo- P value 
therapy 

(n = 627) (n = 336) 

Age (years) 56.9 _+ 12.1 a 59.7 + 12.9 P = 0.001 

Sex: 
M 416 (66.3%) 203 (60.4%) P = 0.067 
F 211 (33.7%) 133 (39.6%) 

Maximal tumor 
diameter (cm) 6.71 _+ 3.99 8.39_+ 4.18 P = 0.000 

Tumor location: 
Upper 131 (20.9%) 107 (31.8%) P = 0.000 
Middle 217 (34.6%) 94 (28.0%) 
Lower 279 (44.5%) 135 (40.2%) 

Serosal invasion: 
Negative 296 (47.2%) 92 (27.4%) P = 0.000 
Positive 331 (52.8%) 244 (72.6%) 

Histology: 
Differentiated 293 (46.8%) 145 (43.4%) P = 0.315 
Undifferentiated 333 (53.2%) 189 (56.6%) 
Others a 1 2 

Lymphatic involvement: 
Negative 249 (49.9%) 123 (37.3%) P = 0.000 
Positive 250 (50.1%) 207 (62.7%) 
Unknown b 128 6 

Vascular involvement: 
Negative 382 (80.4%) 255 (79.9%) P = 0.867 
Positive 93 (19.6%) 64 (20.1%) 
Unknown b 152 17 

Histological 
growth pattern: 

Expansive 101 (17.5%) 49 (15.0%) P = 0.427 
Intermediate 182 (31.5%) 97 (29.8%) 
Infiltrative 294 (51.0%) 180 (55.2%) 
Unknown b 50 10 

Histological 
lymph-node metastasis: 

Negative 251 (40.1%) 93 (27.7%) P = 0.003 
Positive 375 (59.9%) 243 (72.3%) 
Unknown b 1 0 

Peritoneal 
dissemination: 

Negative 574 (91.5%) 284 (84.5%) P = 0.001 
Positive 53 (8.5%) 52 (15.5%) 

Liver metastasis: 
Negative 595 (94.9%) 310 (92.3%) P = 0.102 
Positive 32 (5.1%) 26 (7.7%) 

Gastric resection: 
Partial 383 (61.7%) 169 (50.4%) P = 0.001 
Total 238 (38.3%) 166 (49.6%) 
Unknown b 6 1 

Lymph-node dissection: 
RI 122 (19.5%) 90 (26.8%) P = 0.203 
R2, R3 505 (80.5%) 246 (73.2%) 

Curability: 
Curative 451 (71.9%) 208 (61.9%) P = 0.001 
Noncurative 176 (28.1%) 128 (38.1%) 

NS, No significant difference 
a Mean value ___ SD 
b Cases excluded from statistical analysis 
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Fig. 1. Distribution of tumor stage between the chemo- 
therapy and immunochemotherapy groups. Tumor size 
was more advanced in the immunochemotherapy 
group, with the difference reacting statistical signifi- 
cance (* P = 0.000) 
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Fig. 2. Survival curve generated for patients with gastric cancer treated 
by gastric resection plus postoperative chemotherapy or immuno- 
chemotherapy. A total of 627 patients received postoperative chemother- 
apy (thin line) and 336 patients received postoperative immuno- 
chemotherapy (thick line). The difference in the duration of survival 
reached statistical significance (P = 0.000) 

These factors may explain the antitumor activity of PSK 
[29]. OK-432 stimulates lymphocyte-mediated and macro- 
phage-mediated immunity [7, 10] as well as direct cyto- 
static and cytotoxic activities against malignant cells [15]. 
In cases of gastric cancer, the intraperitoneal administra- 
tion of OK-432 can lead to a reduction in or the disappear- 
ance of cancerous ascites and tumor cells [25]. This agent 
may also prevent peritoneal recurrence when the gastric 
cancer cells invade the serosa [27]. 

Our objective in conducting this retrospective study was 
to examine whether postoperative adjuvant immuno- 
chemotherapy, including the administration of PSK and/or 
OK-432, might lead to a prolongation of the survival of 
patients with gastric cancer. The approach to postoperative 
treatment in Japan is quite different from that in Western 
countries [3]. In Japan, chemotherapy, including im- 
munotherapy, is initiated either intraoperatively or in the 
very early postoperative period. The protocol of the study 
we documented was as follows: MMC given at 20 mg by 
intravenous injection on the day of the operation and at 
10 mg every 3 months thereafter for 1 year; tegafur at 
600 mg and PSK at 3 g daily per os were prescribed from 7 
to 10 days after the operation for as long as possible [181. 
In Western countries, chemotherapy is usually not begun 
untii 4 - 6  weeks postoperatively, and a delay in postopera- 
tive treatment has been found to lead to negative results 
[13]. Fielding et al. [5] found no positive effects for adju- 
vant chemotherapy with MMC plus 5-FU, but the survival 

of their patients was lengthened when treatment was begun 
within 1 month postsurgery. As the doubling time of tumor 
cells is often shorter in a small population focus than in a 
larger one, tumor foci remaining after surgery are expected 
to be more sensitive to anticancer drugs [6, 23]. Estape et 
al. [4] have reported that adjuvant MMC after curative 
resection is an effective treatment and that its effects re- 
main evident after 10 years of follow-up. 

Longer survival has been reported for patients who re- 
ceive postoperative immunochemotherapy than for those 
who do not, particularly for a limited subset of gastric 
cancers, in studies using selected chemotherapeutic regi- 
mens [1, 11, 14, 18, 21]. The immunochemotherapy con- 
sisted of the combination of MMC, tegafur, and OK-432 
for stage III gastric cancer [1], the combination of MMC, 
tegafur, and PSK for advanced gastric cancer [ 11, 18, 21], 
and tegafur and OK-432 for advanced gastric cancer [14]. 
In a previous report, we described that postoperative che- 
motherapy, including immunochemotherapy, was too 
closely associated with other prognostic covariants for it to 
have an independent prognostic significance for patients 
with gastric cancer as determined in a multivariate analysis 
[19]. In prescribing an immunomodulator for patients with 
gastric cancer, the character of the tumor and the immune 
response of the host must be considered, then the optimal 
chemotherapeutic regimen can be designed for each indi- 
vidual patient [16, 17, 19, 20]. 

Early-stage gastric cancer can be controlled either be- 
cause the tumor is curatively resected or because the small 
number of residual tumor cells are destroyed by the host 
immune system. Advanced stage IV gastric cancer has a 
poor prognosis because immunochemotherapy is not very 
effective for unresectable tumors. Tsujitani et al. [28] ana- 
lyzed the effects of PSK in patients with stage III gastric 
cancers at the point of infiltration of the tumor by dendritic 
cells. These cells function as accessory tissues that present 
antigens to sensitized T-cells and have the potential to 
stimulate antigen-specific T-cells [26]. In cases of a slight 
infiltration by dendritic cells, the survival was prolonged, 
as the ingestion of PSK apparently led to the activation of 
immune activity. Thus, stage III tumors would seem to be 
the gastric cancers most amenable to postoperative im- 
munochemotherapy. 

As our findings show that patients with stage III gastric 
cancer can respond favorably to immunochemotherapy in- 
cluding PSK and/or OK-432 (P = 0.092), a prospective 
study on the effects of immunotherapy in such patients 
should be informative. 
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Fig. 3 A -  D. Survival curves for patients with gastric cancer treated by 
chemotherapy or immunochemotherapy as generated at each stage of the 
disease. A Patients with stage I disease given chemotherapy (n = 191) 
versus those given immunochemotherapy (n = 43; P = 0.143). B Patients 
with stage II disease given chemotherapy (n = 56) versus those given 
immunochemotherapy (n = 31; P = 0.371). C Patients with stage III dis- 

0 5 10 
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ease given chemotherapy (n = 181) versus those given immuno- 
chemotherapy (n = 117; P = 0.092). D Patients with stage IV disease giv- 
en chemotherapy (n = 199) versus those given immunochemotherapy 
(n = 145; P = 0.695). Thin lines, patients given chemotherapy; thick 
lines, those given immunochemotherapy 
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