
Cancer Immunol Immunother (2007) 56:905–911 

DOI 10.1007/s00262-006-0248-1

ORIGINAL ARTICLE

EYcacy of adjuvant immunochemotherapy with polysaccharide 
K for patients with curative resections of gastric cancer

Koji Oba · Satoshi Teramukai · Michiya Kobayashi · 
Takanori Matsui · Yasuhiro Kodera · 
Junichi Sakamoto 

Received: 6 August 2006 / Accepted: 24 October 2006 / Published online: 15 November 2006
©  Springer-Verlag 2006

Abstract Non-speciWc immunopotentiators, such as
polysaccharide K (PSK), also known as OK-432,
induce anti-tumor eVects via immunological responses.
The eYcacy of combination immunochemotherapy
using these immunopotentiators has been examined by
multiple previous studies. The survival beneWts of
immunochemotherapy for patients with curative resec-
tions of gastric cancers are not widely accepted. To
clarify this issue, we performed a meta-analysis to eval-
uate the eVect of immunochemotherapy on survival in
patients with curative resections of gastric cancer. For
this study, we compared the results of chemotherapy

and immunotherapy using the biological response
modiWer PSK as an immunopotentiator. The meta-
analysis included 8,009 patients from eight randomized
controlled trials after central randomization. The overall
hazard ratio for eligible patients was 0.88 (95% conW-
dence interval, 0.79–0.98; P = 0.018) with no signiWcant
heterogeneity [�2(8) for heterogeneity = 11.7; P = 0.16].
The results of this meta-analysis suggest that adjuvant
immunochemotherapy with PSK improves the survival
of patients after curative gastric cancer resection.

Keywords Adjuvant immunochemotherapy ·
Gastric cancer · Meta-analysis · Polysaccharide K

Introduction

Gastric cancer remains one of the leading causes of can-
cer-related deaths worldwide; the mortality rate for gas-
tric cancer is now second only to that for lung cancer [1].
While surgery remains the mainstay of curative treat-
ment, the relapse rate is high; survival, even after surgi-
cal resection with curative intent, remains low. Several
types of postoperative adjuvant chemotherapy have
been administered in the hopes of preventing relapse
and increasing cure rates. These protocols include sys-
temic adjuvant chemotherapy, peritoneal adjuvant che-
motherapy, and adjuvant immunochemotherapy [2].

Adjuvant immunochemotherapy is expected to
exert a synergistic eVect with surgical resection. Poly-
saccharide K (PSK; Kureha Corporation, Tokyo,
Japan), with a putative mean molecular weight of
100 kD following extraction from mycelia of Coriolus
versicolor strain CM-101, is one of the most commonly
used non-speciWc immunopotentiators [3]. PSK has a
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life-prolonging eVect when administered with chemo-
therapy for leukemia [4] and colorectal cancer [5]. In
the few prospective randomized controlled studies, a
number of studies have reported deWnite beneWts from
PSK for gastric cancer [6, 7]. The eYcacy of PSK, how-
ever, remains controversial due to a lack of robust evi-
dence in clinical practice [8]. In the treatment of gastric
cancer, PSK, widely prescribed for oral ingestion, is
typically used as postoperative adjuvant immunoche-
motherapy [9]. This study sought to evaluate the eVect
of adjuvant immunochemotherapy with PSK to that of
chemotherapy or surgery alone by means of a meta-
analysis of randomized trials for curative resections of
gastric cancer.

Materials and methods

Search strategy

We performed both computerized and manual
searches of the MEDLINE electronic database to iden-
tify all randomized controlled trials (RCT) of PSK (or
Krestin) use for patients with curative resections of
gastric cancer. The search strategy utilized a combina-
tion of medical subject headings and text words related
to the use of adjuvant immunochemotherapy with PSK
for gastric cancer patients. Review papers were also
examined for published results. We avoided duplica-
tions of data by examining the body of each publication
and the names of all authors. When such duplications
were identiWed, the latest version was included into our
study. To ensure that all relevant studies were
included, researchers with area expertise were also
queried about the possible existence of unpublished
trials.

We used the following eligibility criteria for the
inclusion of trials into our analysis: (a) The aim of the
study was the evaluation of the eVect of the adjuvant
chemotherapy regimen with or without PSK adminis-
tration on patient survival. (b) The study was a central
RCT, including trials using envelope methods. (c)
Adjuvant therapy was administered after curative
tumor resection. (d) A control arm received the same
adjuvant chemotherapeutic regimen as the therapeutic
arm. (e) The trial was concluded before the end of 2005.

Quality assessment of trials

We further assessed the quality of eligible studies using
an assessment form designed for this review [10] com-
prised of the following criteria: (1) Was the allocation
truly random? (2) Was the treatment allocation prop-

erly concealed? (3) Were the important prognostic fac-
tors of each group similar at baseline? (4) Were the
numbers of withdrawals, dropouts, and losses to fol-
low-up described accurately and in detail for each
group? Was the dropout rate documented? (5) Was the
analysis based on intention-to-treat? (6) Were the
types and schedules of follow-up similar for the control
groups? The answers to these questions were catego-
rized as yes, no, or unclear.

The envelope randomization methods proved to be
problematic in several respects. Participating physi-
cians sometimes interfered with the randomization
process, especially in studies initiated in the early
1980s. For this reason, we were skeptical of authentic
random allocation in clinical studies using the envelope
method. Using these criteria, clinical studies examining
PSK activity were broadly subdivided into four quality
categories. A+++: All criteria met; A++: Criteria for
questions 1, 2, and 3 was met, but one or more of ques-
tions 4–6 were not met; A+: Criteria for question 1 was
met, but one or more of questions 2–6 were not met; A:
Unclear. This classiWcation was then used as the basis
of a sensitivity analysis.

Statistical methods

We used the hazard ratio (HR) to assess the survival
beneWt of PSK. If HR or variances of log HR were not
included in the original studies, we calculated them
according to the method proposed by Parmar et al. [11].
The DerSimonian–Laird method was used to estimate
the pooled HR [12]. After consideration of the inter-
study variations with the random eVect, we examined
the trials for heterogeneity by means of the Q statistic.
We also performed a sensitivity analysis according to
study quality including only those studies with a quality
score of A+++ or A++. For multiple-treatment studies, we
treated each comparison of treatment with PSK to that
without PSK in the same trial as an independent study.

An HR of less than 1.0 indicates a beneWcial eVect of
immunochemotherapy, while a ratio equal to or greater
than 1.0 demonstrates a harmful eVect. We deWned a
statistical test result with a P-value less than 0.05 as sig-
niWcant. SAS for Windows, release 8.02 (SAS Institute
Inc., Cary, NC, USA), was used for all analyses.

Results

Evaluation of trials

After screening the references resulting from the
MEDLINE search and handsearching for additional
123
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review papers based on those abstracts, we identiWed
44 papers that met our eligibility criteria [13–56]. Since
1981, the Japanese Foundation for Multidisciplinary
Treatment of Cancer (JFMTC) has been conducting
research in Japan into adjuvant immunochemotherapy.
We identiWed three additional eligible references
(JFMTC-1, JFMTC-5, and JFMTC-11) among previ-
ous JFMTC studies, although only the unpublished
study reports were available. After assessing 47 poten-
tially suitable papers in greater detail, we selected eight
trials for this meta-analysis.

The characteristics of the eight references are shown
in Table 1. Of the 39 references excluded from this
meta-analysis, 11 references were not comparisons of
treatment with and without PSK [18–28], 10 references
were duplications of eligible trial data [29–38], 5 were
not randomized studies [39–43], 5 contained target

populations that diVered signiWcantly from ours [44–
48], 5 were not clinical trials [49–53], and 3 evaluated
endpoints diVerent from overall survival [54–56]. The
total number of patients in the group receiving PSK in
combination with any chemotherapy (PSK group) was
4,037, with 3,972 patients in the group receiving the
same chemotherapy alone (control group). In JFMTC-
1, we divided the two comparisons in this trial into
JFMTC-1a (regimen A vs. regimen B) and JFMTC-1b
(regimen C vs. regimen D).

Based on our quality assessment, SIP [17] and the
JFMTC-11 studies attained quality scores of A+++.
JFMTC-5 was given a score of A++, while the remain-
ing studies (SACG-Kyushu [13], SACG-Chubu [14],
TGOG [15], KGSG [16], and JFMTC-1) received a
score of A (Table 2).

Result of meta-analysis

The HR and corresponding 95% conWdence interval
(CI) for each trial as well as the overall HR and 95%
CI are presented in Fig. 1. The estimated overall HR
was 0.88 (95% CI, 0.79–0.98; P = 0.018) with no signiW-
cant heterogeneity between the treatment eVects
observed in diVerent studies [�2(8) for heterogeneity
= 11.7; P = 0.16].

A sensitivity analysis using the SIP, JFMTC-5, and
JFMTC-11 studies, those studies with high quality
scores, was also performed (Fig. 2). The estimated

Table 2 Detailed quality assessment of included trials

No. Study Quality 
assessment

Q1 Q2 Q3 Q4 Q5 Q6

1 SACG-Kyushu A Yes No Yes Yes No Yes
2 SACG-Chubu A Yes No Yes Yes No Yes
3 TGOG A Yes No Yes Yes No Yes
4 KGSG A Yes No Yes No No Yes
5 SIP A+++ Yes Yes Yes Yes Yes Yes
6 JFMTC-1 A Yes No No Yes No Yes
7 JFMTC-5 A++ Yes Yes Yes Yes No Yes
8 JFMTC-11 A+++ Yes Yes Yes Yes Yes Yes

Fig. 1 Survival HRs and 95% CIs based on the eight selected trials. MF mitomycin C plus futraful, FT futraful, CQ carbazilquinone,
MHCFU mitomycin C plus HCFU, MFU mitomycin C plus 5-Xuorouracil, MT mitomycin C plus tegaful, T tegaful

Total

SACG-Chubu

SAGC-Kyushu

TGOG

JMTC-1a

Group

KGSG

JMTC-5

Treatment

FT+PSK

MF+PSK

CQ+PSK

MT+PSK

MHCFU+PSK

T+PSK

FT

MF

CQ

MT

MHCFU

T

PSK Group

Control Group

Treatment better Control better
0.5 1 1.5 2.0Test of treatment effect; P=0.018

Test of heterogeneity; 2(8)=11.7; P=0.16

JMTC-1b MT+OK-432+PSK

MT+OK-432

SIP MFU+PSK

MFU

JMTC-11 PSK

Surgery alone

Hazard ratio (95%CI)

(0.79- 0.98)

(0.40- 0.94)

(0.62- 1.79)

(0.50- 1.11)

(0.44- 2.53)

(0.85- 1.06)

(0.44- 0.88)

(0.65- 1.10)

(0.48- 1.69)

0.88

0.62

1.05

0.75

1.05

0.95

0.62

0.85

0.90

(0.87- 1.08)0.97

Deaths/Analyzed Case

54/191

83/199

42/145

58/159

27/47

27/49

11/56

9/55

33/124

52/129

654/1601

627/1509

642/1544

672/1543

101/215

115/217

19/114

20/112

1583/4037

1663/3972
123
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overall HR for these trials was 0.78 (95% CI, 0.64–0.97;
P = 0.027) with no signiWcant heterogeneity between
the treatment eVects in diVerent studies [�2(2) for
heterogeneity = 1.74; P = 0.42].

Discussion

This study sought to analyze data from published and
unpublished randomized clinical trials to evaluate the
eVect of adjuvant immunochemotherapy using PSK in
comparison to therapeutic modalities without a PSK
regimen. Although a considerable number of random-
ized trials have been performed to determine the eVect
of PSK as adjuvant chemotherapy, not all have been
published. To broaden our research, we also searched
for relevant meeting presentations, doctors performing
such trials, and pharmaceutical industry endeavors. As
a result, we detected a number of additional unpub-
lished trials that met our criteria.

Combining data from eight selected studies yielded
an HR of 0.88; these results from our meta-analysis
indicated a signiWcant improvement in survival result-
ing from PSK immunochemotherapy (95% CI, 0.79–
0.98; P = 0.018). This improvement may well be both
statistically and clinically signiWcant. We further con-
ducted a sensitivity analysis using the three trials with
the best quality to verify the robustness of our
results. The beneWcial eVect of PSK therapy was con-
Wrmed in our sensitivity analysis (HR was 0.78; 95%
CI, 0.64–0.97; P = 0.027), which did not yield signiW-
cantly diVerent results from the larger analysis. We
therefore conclude that PSK is eVective as adjuvant
immunochemotherapy for patients with gastric cancer.

Immunochemotherapy with OK-432, which has sim-
ilar immunomodulatory eVects as PSK, has also proved
to be eVective as adjuvant chemotherapy for gastric

cancer in recent years [57]. The mechanisms by which
PSK and other biological response modiWers are bene-
Wcial for patients after curative resection of gastric can-
cer remain unclear. Recent advances in molecular
biology, however, suggest that immunomodulation by
oral PSK may sensitize peripheral blood lymphocytes
(PBL) to PSK, leading to the subsequent activation
and proliferation of cytotoxic eVector cells [58]. Unlike
PBL, regional node lymphocyte suppressor cells were
suppressed, and T helper cells increased in proportion.
NK cells play an important role in immunological sur-
veillance against tumors, potently inhibiting tumor
metastasis [59, 60]. Thus, long-term administration of
PSK after surgery may be beneWcial to inhibit recur-
rences due to tumor metastasis. Reports detailing the
eYcacy of PSK as an adjuvant immunotherapy agent
after surgery support this model [61].

Oral Xuorinated pyrimidine therapy is one of the
standard adjuvant chemotherapies in Japan. Addition
of immunopotentiator PSK results in an even higher
eYcacy of therapy [15, 17]. In 2005, the Hokuriku-
Kinki Immunochemotherapy Study Group started a
Phase III RCT of Postoperative Adjuvant Therapy
with S-1 Alone versus S-1 plus PSK for patients with
Stage II/IIIA Gastric Cancer [62]. S-1 is an additional
candidate for postoperative adjuvant chemotherapy in
Japan. The initial success of this trial has drawn intense
attention with the expectation that it can be established
as the standard immunochemotherapy regimen in the
future.

In conclusion, the results of this meta-analysis sug-
gest that the addition of PSK to standard chemother-
apy oVers signiWcant advantages in survival over
chemotherapy alone for patients with curative resec-
tions of gastric cancers. We hope our results will
result in a wider acceptance of immunochemotherapy
as eVective treatment of gastric cancer.

Fig. 2 Survival HRs and 95% CIs based on the three trials with
quality scores of A+++ and A++. MF mitomycin C plus futraful, FT
futraful, CQ carbazilquinone, MHCFU mitomycin C plus HCFU,

MFU mitomycin C plus 5-Xuorouracil, MT mitomycin C plus
tegaful, T tegaful

Total

JMTC-5 T+PSK

T

PSK Group

Control Group

Treatment better Control better
0.5 1 1.5 2.0Test of treatment effect; P=0.027

Test of heterogeneity; 2(2)=1.74; P=0.42

SIP MFU+PSK

MFU

JMTC-11 PSK

Surgery alone

(0.64- 0.97)

(0.40- 0.94)

(0.65- 1.10)

(0.48- 1.69)

0. 78

0.62

0.85

0.90

Group Treatment Hazard ratio (95%CI)Deaths/Analyzed Case

33/124

52/129

101/215

115/217

19/114

20/112

153/453

187/458
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