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Abstract

AIM: To examine whether administration of lentinan,
purified B-1, 3-glucan, can prolong survival in ad-
vanced gastric cancer patients receiving S-1-based
chemotherapy.

METHODS: Since 2004, 78 patients with metastatic or
recurrent gastric cancer have received S-1-based che-
motherapy as first-line treatment. Survival, side effects,
and the ratio of granulocytes/lymphocytes (G/L ratio)
were compared between 2 groups of patients who re-
ceived chemo-immunotherapy using lentinan and che-
motherapy alone.

RESULTS: Median overall survival was significantly lon-
ger in the former group than in the latter group [689 d
(95% CI: 431-2339 d) vs 565 d (95% CI: 323-662 d),
P = 0.0406]. In addition, the G/L ratio in patients who
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received lentinan was maintained around or below 2,
which was significantly lower than that in patients who
received chemotherapy alone (P < 0.001).

CONCLUSION: Chemo-immunotherapy with lentinan
offers a significant advantage over S-1-based chemo-
therapy alone in terms of survival in patients with ad-
vanced gastric cancer.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

The prognosis of unresectable gastric cancer remains
poor; however, recent advances in chemotherapy for
this type of cancer have considerably improved in terms
of therapeutic effects”. Biological response modifiers
(BRMs) have been used in combination with cytotoxic-
chemotherapeutic agentsm, and the beneficial effects of
BRMs in terms of the survival of patients with gastric
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cancer were previously described™. Lentinan is one of
the BRMs whose effects are involved in host defense im-
mune systernsm. This agent is a purified polysaccharide
of B-1, 3-glucan isolated from Shiitake mushrooms'”,
which has been reported to have a life-prolonging effect
in patients with unresectable or recurrent gastric cancer
receiving an oral fluoropyrimidine (tegafur)”.

A newly developed oral fluoropyrimidine, S-1, was
designed to enhance the anticancer activity of tegafur by
combining with 2 modulating substances: gimeracil to in-
hibit dihydropyrimidine dehydrogenase and potassium ox-
onate to reduce gastrointestinal toxicities””. The antitumor
effects of fluoropyrimidines are known to be enhanced
through the biochemical modulation of folate metabo-
lism by cisplatin“m, and combination therapy using S-1
and cisplatin reportedly achieves high response rates' "7,
Since the taxane derivatives, docetaxel and paclitaxel, have
a unique mechanism of action that differs from those of
fluoropyrimidines and platinum Compoundsm’m, taxanes
may be combined with either S-1 or S-1 plus cisplatin for
the treatment of advanced gastric cancer’™"". However,
disease progression is still observed in some patients re-
ceiving S-1-based chernotherapy”5’181 and further improve-
ments in chemotherapy are necessary.

Recently, a meta-analysis conducted by Oba ez a/'”,
showed that the addition of lentinan to fluoropyrimidine-
based chemotherapy could prolong the survival of
patients with advanced gastric cancer compared to che-
motherapy alone. However, all 5 clinical studies included
in this analysis were performed in the 1980s and S-1 was
not prescribed at that time. Because S-1-based regimens
are now widely used for the treatment of advanced gas-
tric cancer in Japan, it is of great concern that lentinan
may also have a synergistic effect with this new type of
fluoropyrimidine. Therefore, with the aim of evaluat-
ing the effect of chemo-immunotherapy using S-1 and
lentinan, we retrospectively examined all patients with
unresectable/tecurrent gastric cancer receiving S-1-based
chemotherapy and then compared the overall survival
(OS) and adverse effects between treatments with and
without lentinan. We also compared the granulocyte/lym-
phocyte (G/L) ratio between groups of patients treated
chemo-immunotherapy and chemotherapy alone in order
to examine whether lentinan could have substantial im-
munological effects similar to other BRMs.

MATERIALS AND METHODS

Patients

Lentinan has been used for the treatment of gastric can-
cer since August 2004 in our hospital in patients who
gave informed consent. Patients receiving S-1-based
chemotherapy between August 2004 and July 2010 with
pathologically proven inoperable gastric cancer and at
least 1 measurable lesion were enrolled in this analysis.
They received either no prior chemotherapy or 1 regimen
as postoperative adjuvant chemotherapy that was com-
pleted > 4 wk before entry. Patients over 85 years of age
and those with severe impairment of liver [aspartate ami-
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notransferase and alanine aminotransferase > 3 times the
upper limit of normal (ULN)], kidney (serum creatinine
mote than ULN) and bone marrow function (white blood
cell count < 4000/mm’, platelet count < 10000/mm”,
hemoglobin < 8 g/dL) were excluded. Patients with mul-
tiple cancers, those with an Eastern Cooperative Oncol-
ogy Group performance status of 4, those with brain
metastases, and those whose outcome were unclear wetre
also excluded.

Treatment protocol

In this study, the S-1-based chemotherapy used included
S-1 alone, S-1/paclitaxel, S-1/ cisplatin, and paclitaxel with
S-1 plus cisplatin (PSC triple therapy). S-1 was given orally
twice daily based on the patient’s body surface area (BSA),
ie. BSA < 1.25 m’, 40 mg; 1.25-1.50 m’, 50 mg; and BSA
> 1.50 m*, 60 mg for 2 wk followed by either 1 wk rest
for patients who received S-1 alone or 2 wk rest for those
who received combination therapy. For the S-1/cisplatin
therapy, cisplatin at a dose of 70 mg/m” was administered
by continuous infusion for 24 h on day 8" For the S-1 /
paclitaxel therapy, paclitaxel at a dose of 50 mg/ m” was
administered by a 2-h infusion on days 1 and 15*"*, For
the PSC triple therapy, paclitaxel at a dose of 120 mg/m”
was administered by a 2-h infusion on day 1 and cisplatin
at a dose of 60 mg/ m’ by continuous infusion for 24 h
on day 14", Doses were adjusted at the initiation of sub-
sequent cycles if severe toxicity (grade 3-4) was present;
administration of S-1 was discontinued and then resumed
at a reduced dose (10 mg/m’ per day) and the dose of
paclitaxel was reduced by 25% in the next cycle if toxicity
was resolved. Administration of cisplatin was postponed
until toxicity resolved; the maximum duration of post-
ponement was no more than 2 wk. In the lentinan-treated
group, 2 mg/body of lentinan was intravenously adminis-
tered for 30 min every 2 or 3 wk. OS was calculated from
the start of S-1-based chemotherapy until death or the
most recent follow-up day. The Kaplan-Meier method was
used to plot OS curves and then OS rates were compared
by means of the log-rank test between the lentinan group
and the chemotherapy alone group. The National Cancer
Institute common toxicity criteria version 4.0 was applied
to evaluate adverse effects.

G/ L ratio

In order to assess the immunological effects of lentinan,
the G/L ratio of each patient was determined at 3 points,
i.e. before, at 3 mo, and at 1 year after initiation of the
S-1-based chemotherapy or 1 mo prior to death. Then,
the G/L ratios at the 3 time points were respectively
compared between the groups of chemo-immunotherapy
and chemotherapy alone using the y” test. P values of less
than 0.05 were considered statistically significant. SAS
version 9.1 (SAS Institute Inc., Cary, NC, United States)
was used for all analyses.

RESULTS

Among 78 patients with metastatic or recurrent gastric
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Table 1 Patient characteristics

Chemotherapy = Chemo-immunotherapy

alone (7 = 37) (n = 31)

Gender

Male 29 19

Female 8 12
Age (yr) 40-84 42-82

Median 68 67
Performance status

0 5 5

1 26 15

2 3 5

3 3 6
Pathology

Intestinal 13 10

Diffuse 24 21
S-1-based chemotherapy

S-1 alone 12 12

S-1/paclitaxel 4 7

S-1/cisplatin 18 6

PSC 3 6

PSC: Paclitaxel plus S-1/cisplatin combination therapy.

100
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Figure 1 Kaplan-Meier curves of overall survival. Lentinan+: The group that
received chemo-immunotherapy with lentinan (n = 31); Lentinan-: The group
that received S-1-based chemotherapy alone (n = 37). OS: Overall survival.

cancer receiving S-1-based chemotherapy as first-line treat-
ment in our hospital during the 6 yeats between 2004 and
2010, 10 patients were excluded according to the criteria
mentioned above. The chemotherapy alone group com-
prised 37 cases (29 men/8 women, median age; 68 years,
range; 40-84 years), and the group that received chemo-
immunotherapy with lentinan comprised 31 cases (19
men/12 women, median age; 67 years, range; 42-82 years).
Patient characteristics are summarized in Table 1. S-1-
based chemotherapy was continued as long as possible.
The median OS was significantly longer in the group that
received chemo-immunotherapy with lentinan than in the
chemotherapy alone group [689 d (95% CI: 431-2339 d) vs
565 d (95% CI: 323-662 d), P = 0.0406] (Figutre 1). One-,
two-, and five-year survival rates were better in the group
that received lentinan than in the group that received
chemotherapy alone, (91.3% s 59.4%, 45.7% vs 32.7%,
10.0% vs 0%, respectively). The most frequently observed
severe (grades 3 and 4) toxicity was neutropenia (chemo-
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Figure 2 Comparison of the granulocyte/lymphocyte ratio between pa-
tients who did (Lentinan+) and those who did not receive lentinan (Len-
tinan-) using the y” test. A: Before therapy; B: At 3 mo after initiation of the
S-1-based chemothrapy; C: At either 1 year after initiation of the S-1-based che-
motherapy or 1 mo prior to death (cases in which the survival time was < 1 year
after chemotherapy). P values of less than 0.05 were considered statistically
significant. G/L: Granulocyte/lymphocyte.

immunotherapy 50%, chemotherapy alone 45%). Grade
3 febrile neutropenia was observed in 1 case in each
group. With regard to non-hematological toxicity, severe
mucositis (grade 3) was observed in both groups with an
incidence of 6.7% and 5.3%, respectively. Neither renal
dysfunction nor hand-foot syndrome occurred in our se-
ries. There were essentially no differences in the incidence
and degree of adverse effects between patients who did
and those who did not receive lentinan.

The G/L ratio was almost the same between the treat-
ment with or without lentinan at the start of and 3 mo
after chemotherapy (Figure 2A and B). In sharp contrast,
the G/L ratio in patients receiving lentinan was main-
tained around or below 2, which was significantly lower
than that in patients who received chemotherapy alone
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(P < 0.001, Figure 2C), at either 1 year after initiation of
chemotherapy or 1 mo before death (cases in which the
survival time was < 1 year after chemotherapy).

DISCUSSION

We retrospectively investigated whether the adminis-
tration of lentinan could prolong survival in patients
with highly advanced gastric cancer receiving S-1-based
chemotherapy. A previous study demonstrated that the
addition of lentinan to the older fluoropyrimidines such
as 5-FU, tegafur, and UFT significantly prolonged sur-
vival, compated to chemotherapy alone, in patients with
advanced gastric cancer'”. Recently, S-1 or S-1-based
combination therapy has been widely used for the treat-
ment of advanced gastric cancer especially in Eastern
countries. If S-1-based chemotherapy becomes a stan-
dard treatment in advanced settings, it is very important
to confirm the synergistic effects of lentinan with S-1.
Therefore, we examined advanced gastric cancer pa-
tients receiving S-1-based chemotherapy and determined
whether the addition of lentinan extended their survival
time and enhanced immunological activity.

Our results showed that chemo-immunotherapy us-
ing lentinan was superior to chemotherapy alone in terms
of survival, although the therapeutic regimens were
not completely matched in the 2 treatment groups. The
survival time was long in 3 patients in the chemo-im-

munotherapy group (lung metastasis, 5 years; peritoneal
metastases, 5 years and 5 mo; and peritoneal metastases,
6 years and 6 mo after initiation of chemotherapy), while
none of the patients in the chemotherapy alone group
survived for more than 5 years. The survival rates at 1-,
2- and 5-year were also higher in the group that received
lentinan. In this preliminary study, there were essentially
no differences in the incidence and degree of adverse
effects between patients who did and those who did not
receive lentinan, which suggested that adverse effects are
strongly associated with the duration of chemotherapy,
and not with the additional administration of this agent.
Neutropenia was the most common toxicity, and febrile
neutropenia occurred in only 1 case in each group. All
toxicities were manageable and no patient died due to ad-
verse effects.

In order to assess the immunological effects of lentin-
an, the G/L ratio as well as the Th1/Th2 balance and the
binding ratio of lentinan to monocytes were reported as
parametersmm. The G/L ratio is easily determined, even
in a retrospective analysis, and was previously reported
to be correlated with the prognosis of gastric cancer pa-
tients'. Accordingly, we chronologically determined the
G/L ratio in each patient from the initiation of S-1-based
chemotherapy until 1 year later or death. The administra-
tion of lentinan appeated to suppress the G/L ratio and to
maintain it around or below 2. -1, 3-glucan is considered a
stimulator of cellular imrnunitym. Binding of -1, 3-glucan
to a specific receptor activates macrophagesm’m, increases
the expression of adhesion molecules and adhesion to
the endothelium, induces the secretion of cytokines, and
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triggers intracellular processes such as respiratory burst™,

Non-specific macrophage activation by this immunomod-
ulator has been reported to be involved in skewing of the
Th1/Th2 balance to Th1*”, which may eventually decrease
the G/L ratio™. A Thl-mediated attack on cancer cells
may be correlated with prolongation of cancer patients’
survival.

Our data on S-1-based chemotherapy showed that the
addition of lentinan to chemotherapy prolonged the sut-
vival of advanced gastric cancer patients along with im-
munological activation, compared to chemotherapy alone.
Lentinan should be widely accepted for the treatment
of unresectable or recurrent advanced gastric cancer.
Chemo-immunotherapy combined with lentinan and an
S-1-based regimen might be a candidate for the standard
treatment of advanced gastric cancer. In Japan, a phase
Il study comparing therapy with S-1/lentinan with S-1
alone is now underway. The results of this control study
are cagerly awaited.
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