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Abstract: Background: Metastatic gastric cancer has a poor prognosis, despite recent therapeutic improvements. The
phase 3 SOLAR study confirmed better efficacy of S-1, oxaliplatin, and leucovorin (SOL) than S-1 plus cisplatin in
advanced gastric cancer. Lentinan, $-(1, 3)-glucan purified from Shiitake mushrooms, has been reported to improve the
overall survival of cancer patients receiving chemotherapy. We conducted a preliminary study of SOL combined with
lentinan during these 4 years.

Methods: The clinical study was approved by the ethics committee of Nagoya Memorial Hospital in 2016. After
explaining the protocol of this study, patients with recurrent or unresectable gastric cancer were enrolled, if they had the
intention to participate. Medical records were retrospectively reviewed to determine the objective response rate (ORR),
disease control rate, overall survival, and adverse effects.

Results: Twelve patients (age: 59-81 years; sex: 9 men, 3 women) with metastatic gastric cancer (liver: 3, lung: 2,
peritoneal: 12, ascites: 9) were treated with SOL in combination with lentinan as the first-line regimen. The cycles ranged
from 4 to 15. The ORR and disease control rates were 58.3% (complete response [CR], 1; partial response, 6) and
91.7%, respectively. One patient with CR survived for > 23 months after the initiation of chemotherapy. Concerning
adverse events, peripheral neuropathy was the most common event observed in all patients. However, there were no
severe side effects, such as febrile neutropenia and diarrhea.

Conclusions: SOL combined with lentinan can be a promising option for the treatment of far advanced metastatic gastric

cancer.
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INTRODUCTION

Gastric cancer remains the fifth most common
malignancy and the fourth leading cause of cancer-
related mortality worldwide [1]. Chemotherapy is
recommended for patients with metastatic gastric
cancer for palliative purposes, considering the
possibility of improving the overall survival (OS) using
chemotherapy compared with using supportive care [2,
3]. Despite the development of chemotherapeutic and
biological agents, the OS of patients with unresectable
or recurrent gastric cancer remains less than 2 years
[4, 5]. Lentinan, the backbone of 3-(1, 3)-glucan with 3-
(1, 6) branches, is an active ingredient purified from
Shiitake mushrooms [6]. This B-glucan has been
reported to improve the OS of cancer patients receiving
chemotherapy [7, 8], though inconsistent results have
been presented [9]. Cancer cells express many
inhibitory signaling proteins that enable their survival in
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the host. Such immune evasion is essential for cancer
development, progression, and chemoresistance [10].
One such inhibitory molecule is programmed cell death
ligand 1 (PD-L1), which engages programmed cell
death receptor 1 (PD-1) expressed by activated-T cells
and subsequently triggers inhibitory signaling pathways
downstream the T-cell antigen receptors. This protein
can shield tumor cells and protect them from lysis via
cytotoxic T lymphocytes, suggesting that upregulation
of PD-L1 in cancer cells might mediate immune escape
[11]. We previously demonstrated that treatment with
either cisplatin or oxaliplatin dose-dependently
enhanced PD-L1 mRNA and protein expression in
gastric cancer cells, leading to the resistance to
platinum-based chemotherapy. On the other hand,
lentinan treatment inhibited the platinum-induced
increase in the expression of PD-L1 and mitogen-
activated protein kinase [12], which implicated that
lentinan could restore the chemosensitivity of cells
through downregulating PD-L1 expression. This action
of lentinan might explain the mechanism of complete
tumor clearance in patients with metastatic gastric
cancer receiving chemo-immunotherapy [13].
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Several chemotherapeutic agents, including
fluorouracil, platinum, and taxanes, are active in
advanced gastric cancer. In Japan, combination
therapy using the oral fluoropyrimidine anticancer
agent S-1 and cisplatin is the standard therapy for
metastatic gastric cancer [14]. Recent studies revealed
that S-1, oxaliplatin, and leucovorin (SOL) was more
active than S-1 plus cisplatin in the Asian patients with
advanced gastric cancer [5, 15].

Therefore, we conducted a preliminary study of SOL
combined with lentinan for patients with unresectable
or recurrent gastric cancer.

PATIENTS AND METHODS

The clinical study was approved by the ethics
committee of Nagoya Memorial Hospital in 2016. After
explaining the protocol of this study, patients with
recurrent or unresectable gastric cancer were enrolled
and provided their informed consent for participating in
this study. Medical records were retrospectively
reviewed to determine the objective response rate
(ORR), disease control rate, OS, and adverse effects.
The dose of S-1 for each administration was
determined according to the body surface area (BSA)
as follows: 40 mg for BSA < 1.25 m, 50mg for BSA
1.25-1.50 m2, and 60 mg for BSA > 1.5 m%. S-1 was
orally administered along with 25 mg of leucovorin
twice daily for 7 days, and oxaliplatin (85 mg/mz) and 2
mg of lentinan were administered intravenously on day
1, every 2 weeks.

The objective response to chemotherapy was
evaluated using the criteria proposed by the Japanese

Research Society for Gastric Cancer for the Primary
Lesion [16] and using the Response Evaluation Criteria
in Solid Tumors (RECIST version 1.1) [17] for
metastatic lesions. The disappearance of all cancer
evidence for at least 4 weeks was defined as complete
response (CR). According to the RECIST, at least a
30% decrease in the sum of the diameters of target
lesions was defined as partial response (PR). The
development of a new lesion or at least a 20% increase
in the sum of the diameters of target lesions was
defined as progressive disease (PD). Patients who did
not satisfy the criteria for any of these categories were
considered to have stable disease (SD). Disease
control was defined as CR, PR, or SD. The National
Cancer Institute Common Toxicity Criteria version 4.0
was used to evaluate adverse effects. Doses were
adjusted at the initiation of subsequent cycles if severe
toxicity (grade 3-4) was present. If neurotoxicity
progressed to grade 2, oxaliplatin was discontinued.

OS was calculated from the start of chemo-
immunotherapy until death or the most recent follow-up
date. The Kaplan-Meier method was used to plot the
OS curves, and OS rates were compared between
patients showing objective responses (CR and PR) and
those without objective responses (SD and PD) using
the log-rank test [18].

RESULTS

Twelve patients (age: 59-81 years; sex: 9 men, 3
women) with metastatic gastric cancer (liver: 3, lung: 2,
peritoneal: 12, ascites: 9) were treated with SOL
combined with lentinan as a first-line regimen (Table 1).
The performance status was 0 in two patients, 1 in nine

Table 1: List of Patients with Metastatic or Recurrent Gastric Cancer Receiving S-1, Oxaliplatin, and Leucovorin
Combined with Lentinan
Case No Age Sex T N M Liver Lung Peritoneum Ascites Response PS
1 81 M T4 N3 M1 - - + + PR 1
2 61 F T4 N3 M1 - - + + SD 1
3 69 F T4 N3 M1 - - + + PR 1
4 63 M T3 N3 M1 - - + + PR 1
5 74 M T4 N3 M1 + + + + SD 1
6 74 M T4 N2 M1 - - + + PD 1
7 73 M Recurrence + - + + PR 1
8 80 M Recurrence - - + - PR 0
9 59 M T4 NX M1 - - + - CR 1
10 70 M T4 N3 M1 + - + + SD 2
11 72 M Recurrence - + + + SD 1
12 60 F Recurrence - + + - PR 0

PS: performance status; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.
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Figure 1: Kaplan-Meier curves of overall survival in 12 patients with metastatic or recurrent gastric cancer receiving S-1,

oxaliplatin, and leucovorin combined with lentinan.

patients, and 2 in one patient. The cycles ranged from
4 to 15. The ORR and disease control rates were
58.3% (CR 1, PR 6) and 91.7%, respectively. One
patient with CR survived for > 23 months without any
recurrence. The most common grade 1 or 2 adverse
events were peripheral neuropathy (grade 2: 6, grade
1: 6), followed by anemia (grade 2: 1, grade 1: 8),
leucopenia (grade 2: 3, grade 1: 5), neutropenia
(grade 2: 7), fatigue (grade 2: 3, grade 1: 3), anorexia
(grade 2: 4, grade 1: 1), diarrhea (grade 2: 2, grade 1:
1), and thrombocytopenia (grade 2: 1, grade 1: 1).
The most common grade 3-4 hematological adverse
event was neutropenia (grade 3: 1, grade 4: 1).
However, there were no treatment-related deaths. The
median OS of 12 patients was 393 days (95% ClI: 242—
424 days) (Figure 1), and three patients remain still
alive (CR 1, PR 1, SD 1). When comparing the patients
showing objective response (n = 7) with those with SD
or PD (n = 5), OS did not significantly differ between
the two groups.

CASE REPORT

A 59-year old man complained of loss of appetite,
vomiting, and weight loss (Case 9). Computed
tomography (CT) at the time of the first visit revealed
severe dilatation of the stomach with wall thickening of
the antrum (Figure 2A). After intubation of the
nasogastric tube to drain the gastric juice, a scirrhous
type of gastric cancer with pyloric stenosis was
diagnosed using a gastrointestinal fiberscope (Figure
3A). During the surgical procedure for pyloric stenosis,

peritoneal dissemination was detected, and bypass
surgery was performed with the diagnosis of T4NXM1.
The regimen of SOL plus lentinan was initiated for the
treatment of scirrhous type of gastric cancer
accompanied by cancerous peritonitis. After nine
cycles of chemo-immunotherapy, re-evaluation was
performed, which revealed a good extension of the
gastric lumen as well as the loss of ulcerative lesions
(Figure 3B). Pathological examination of the biopsy
specimens was negative. Fifteen months after the
initiation of SOL therapy combined with lentinan, further
improvement in both CT and endoscopic findings was
observed (Figures 2B, 3C). Consequently, the patient
achieved CR, and because of the strong hope of this
patient, chemo-immunotherapy was discontinued. He
remains alive without any symptoms 8 months after the
cessation of treatment.

DISCUSSION

Recently, SOL has been reported to be the new
first-line chemotherapy option for advanced gastric
cancer in Asian populations based on the improved
response rate and OS, compared with those of S-1
plus cisplatin [5]. This study also supported the
promising efficacy and safety of this regimen for
advanced gastric cancer. However, the efficacy of
chemotherapeutic agents is usually limited owing to
patients’ resistance to conventional treatments. Such
resistance to chemotherapy may be associated with
the upregulation of PD-L1 caused by platinum-based
treatment [19, 20].
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Figure 2: Computed tomography findings of Case 9.
A. Before chemotherapy.
B. Fifteen months after the initiation of chemotherapy.

Figure 3: Endoscopic findings of Case 9.

A. Before chemotherapy.

B. Five months after the initiation of chemotherapy.
C. Fifteen months after the initiation of chemotherapy.
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B-glucans are well-established natural immune
modulators with significant anticancer properties [21,
22). Among the glucans, lentinan is especially
remarkable for its immunomodulating [23] and
anticancer activities [24]. Additional treatment with
lentinan has been reported to prolong the survival of
patients with cancer when compared with
chemotherapy alone [7, 8]. Lentinan might restore
sensitivity to  conventional chemotherapy by
downregulating PD-L1 expression induced by platinum
[12], which may contribute to tumor clearance by T-cell
mediated immune responses of the host.

Though CR is rarely attained in patients with
metastatic  gastric cancer receiving systemic
chemotherapy [25], we experienced one such case
among the 12 patients enrolled in this study. Chemo-
immunotherapy using lentinan might raise the
possibility of complete elimination of tumor cells
through synergistic effects between lentinan and
platinum-based chemotherapy.

CONCLUSION

SOL combined with lentinan can be a promising
option for the treatment of far advanced metastatic
gastric cancer owing to its safety and characteristic of
enhancing immune responses.
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