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Combination therapy with lentinan improves outcomes
in patients with esophageal carcinoma
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Abstract. With a view to improving treatment response and
the quality of life of cancer patients, this study investigated
the clinical efficacy of combining lentinan, a flavonoid
compound with antitumor abilities, with traditional chemo-
therapy in individuals with esophageal carcinoma (EC), with
a particular focus on its effect on immune function. A total of
50 patients undergoing treatment for EC were evenly divided
into two groups: control and experimental. Patients in the
control group were treated with the chemotherapeutic agent
tegafur (1,000 mg/day for 5 days); patients in the experimental
group were treated with the same dosage of tegafur combined
with 1 mg lentinan diluted in 250 ml normal saline. Patients
were monitored for their general condition, symptoms and
signs, quality of life and clinical efficacy (remission vs.
progression). Additionally, the effects of lentinan on immune
function were assessed through analysis of serum levels of
pro-inflammatory and anti-inflammatory cytokines using
enzyme-linked immunosorbent assay (ELISA) prior to and
following the first and second course of treatment. The results
of the scores showed that the general condition (Karnofsky
performance scale; KPS), the symptoms and signs (Zubrod-
ECOG-WHO score; ZPS) and the quality of life (QOL scale)
of the patients following the first and second course of treat-
ment were better in both groups compared to the scores prior
to treatment; however, patients in the experimental group
exhibited significantly greater improvement than those in the
control group (P<0.05). Clinical efficacy was not significantly
different between the two groups after 1 course of treat-
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ment, but after 2 courses of treatment, clinical efficacy was
significantly greater in the experimental group than in the
control group (P<0.05). Additionally, serum levels of IL-2,
IL-6 and IL-12 increased, while levels of IL-4, IL-5 and IL-10
decreased, in patients of both groups after 2 courses of treat-
ment (P<0.05). These changes occurred to a greater extent in
the experimental group than in the control group (P<0.05).
In conclusion, the addition of lentinan to the chemotherapy
regimen improves the general condition, symptoms and signs,
and quality of life of patients with EC. In particular, the
patient’s immune function may be enhanced by the combined
treatment. The generalized application of lentinan is, there-
fore, recommended in the clinic.

Introduction

Esophageal carcinoma (EC), a malignant tumor affecting the
squamous epithelium of the esophagus, occurs commonly in
China. Indeed, China has one of the highest incidences of
and mortality from this type of cancer: the average annual
mortality rate is 14.59/100,000, making it the fourth dead-
liest malignancy (1). Currently, EC is treated with combined
surgery, radiotherapy and chemotherapy. While these treat-
ments present efficacy in treating EC, they also result in
toxicity and other side effects (2). Therefore, intensive research
into alternative therapies is required to improve the quality of
life of patients and to prolong survival time in EC.
Traditional Chinese medicine has unique advantages in
the comprehensive treatment of cancer. Several traditional
Chinese medicines have antitumor, antimutagenic and immu-
noregulatory functions (3). A notable example is the compound
lentinan, a flavonoid extracted from shiitake mushrooms,
which is used particularly in combination with conventional
chemotherapy as an adjuvant. A biological-response modi-
fier, lentinan enhances immunity, improves efficacy, reduces
toxicity and improves the quality of life during chemotherapy
(4). Although lentinan has been applied to the treatment of
colon, gastric and liver cancers, no evidence exists for its
efficacy as an adjuvant in the treatment of EC. Since EC is a
common and fatal disease, we sought to explore the clinical
efficacy of lentinan combined with chemotherapy in patients
with EC. Furthermore, we investigated the effect of lentinan
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Table I. Scores for the general condition (KPS), the symptoms and signs (ZPS), and the quality of life (QOL) in patients with EC
following treatment with tegafur (control group) or tegafur plus lentinan (experimental group).

Scores Group n Before treatment After 1 course After 2 courses F P-value
KPS score* Control 25 45.20+5.86 51.60+7.46 58.40+9.87 45.284 0.001
Experimental 25 47.20+5.42 56.40+4.90 64.80+£9.63 108.298 0.001
ZPS score® Control 25 2.32+0.48 2.20+0.41 1.80+0.41 17.935 0.001
Experimental 25 2.20+0.41 1.84+0.37 1.44+0.51 23.312 0.001
QOL score® Control 25 34.56+3.06 39.92+1.78 42.44+8.79 14.177 0.001
Experimental 25 34.92+2.27 41.60+2.53 48.60+2.16 324.659 0.001

Inter-group comparison: “F=5.821, P=0.020; "F=9.692, P=0.003; ‘F=13.446, P=0.001.

Table II. Clinical efficacy of lentinan in patients with esophageal carcinoma [n (%)].

Response time Group n Partial remission Improvement Disease stability Disease progression

After 1 course® Control 25 1 (4.0 3(12.0) 17 (68.0) 4 (16.0)
Experimental 25 2 (8.0) 5(20.0) 18 (72.0) 0

After 2 courses® Control 25 2 (8.0) 4(16.0) 17 (58.0) 2 (8.0)
Experimental 25 4 (16.0) 9 (36.0) 12 (48.0) 0

Inter-group comparison: “U=1.778, P=0.075; *U=2.156, P=0.031.

with chemotherapy on host immune function by assaying
serum cytokines IL-2, IL-6, IL-12, IL-4, IL-5 and IL-10.

Patients and methods

Patients. Fifty EC patients from the Department of
Gastroenterology, Qilu Hospital, Shandong University, diag-
nosed according to the World Health Organization (WHO)
reference criteria, were enrolled in this study. The patients
were divided evenly into a control group [n=25, 16 males, 9
females; 24-72 years of age (mean 59.8+10.1)] and an experi-
mental group [n=25, 14 males, 11 females; 26-75 years of age
(mean 60.8+9.6)], according to their order of hospitalization.
No significant differences were detected in gender, age, general
condition, symptoms and signs, or quality of life (P>0.05)
between these groups.

Therapeutic methods. Patients in the control group were treated
continuously for 5 days with 1,000 mg/day tegafur (trade name
Fangke, produced by Shandong Qilu Pharmaceutical Co., Ltd.,
Jinan, China) by intravenous (i.v.) drip. Patients in the experi-
mental group received the same dosage of tegafur, plus 1 mg
lentinan (National Medicine permit no. Z10920011; Fuzhou
Meifeng Pharmaceutical Factory of Jinling Pharmaceutical
Co., Ltd., Nanjing) diluted in 250 ml normal saline, admin-
istered every other day. Treatment occurred in 2 courses over
21 days.

Outcome measures. The Karnofsky performance scale score
(KPS score, percentages), The Zubrod-ECOG-WHO score
(ZPS score, 5-point method) and the QOL scale (12 grades,

60 points) were used to assess the general condition, the
symptoms and signs, and the quality of life of the patients,
respectively, prior to and following each of the 2 treatment
courses. Clinical efficacy was determined before and after
the two courses of treatment using WHO objective efficacy
criteria for solid tumor treatment (5); the following five
grades were included: complete remission, partial remission,
improvement, disease stability and disease progression. The
double-antibody sandwich ELISA (DAS-ELISA) was used to
detect serum IL-2, IL-6, IL-12, IL-4, IL-5 and IL-10 levels,
according to the manufacturer's instructions (R&D Systems,
Minneapolis, MN, USA).

Statistical methods. SPSS13.0 statistical software was used
for statistical analysis; all results are expressed as the means
+ standard deviation. Analysis of variance with repeated
measures was used to compare differences in the general
condition, the signs and symptoms, and the quality of life
scores, as well as the serum cytokine levels, between the two
groups. Non-parametric Mann-Whitney U test was used to
compare efficacy between groups. Analysis was performed
with a two-sided test, at a level 0.05, with P<0.05 considered
to be statistically significant.

Results

Lentinan therapy improves outcomes in patients with EC. The
clinical condition of patients with EC was assessed prior to
chemotherapy, as well as following each course of treatment.
Scores reflecting the general condition (KPS), the symptoms
and signs (ZPS) and the quality of life (QOL) of the patients
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Figure 1. Serum cytokine levels in patients with esophageal carcinoma. (A) IL-2 levels: Frcimental group = 38-045, P=0.001; Feo1 group = 62.230, P=0.001;
Fixperimentat vs. control = 16.616, P=0.001. (B) IL-6 levels: Fcimentat growp = 182.147, P=0.001; Fe 01 group = 85.463, P=0.001; Fryperimental vs. contror = 10.206, P=0.002.
(C) TIL-12 levels: Fryperimentat growp = 37007, P=0.001; Feouiol group = 6-323, P=0.004; Fryperimentat vs. control = 11.306, P=0.002. (D) IL-4 levels: Fierimentat growp = 24224,
P=0.001; Feouror growp = 10.282, P=0.001; Fryperimentat vs. controt = 9-989, P=0.003. (E) IL-5 levels: Fryperimentat group = 28.963, P=0.001; Fer01 gronp = 10.079, P=0.001;

Frxperimental vs. control = 5.110, P=0.003. (F) IL-10 levels: Frxperimenta

following each of the 2 treatment courses, were significantly
better than scores prior to treatment for patients in both the
control (tegafur only) and experimental (tegafur plus lentinan)
group (P<0.05; Table I). However, improvement in each of
these measures was greater in the experimental group than in
the control group (P<0.01).

Clinical efficacy of each treatment paradigm was deter-
mined based on the WHO criteria for solid tumor treatment
and included the following five grades: complete remission,
partial remission, improvement, stability and disease progres-
sion (Table II). Following 1 course of tegafur alone (control),
we observed 1 case with partial remission, 3 cases with
improvement, 17 cases with disease stability and 4 cases with
disease progression. Following 1 course of tegafur combined
with lentinan (experimental), we observed 2 cases with partial
remission, 5 cases with improvement and 18 cases with disease
stability. However, these differences were not statistically
significant. Following 1 treatment course, there were 2 cases

L aroup = 538.848, P=0.001; Fetonor group = 69:048, P=0.001; Frerimentat v comror = 10.206, P=0.002.

with partial remission, 4 cases with improvement, 17 cases
with disease stability and 2 cases with disease progression in
the control group, and 4 cases with partial remission, 9 cases
with improvement and 12 cases with disease stability in the
experimental group. In contrast to the outcomes following
1 course of treatment, clinical efficacy was significantly better
following 2 courses of tegafur plus lentinan than tegafur alone
(U=2.156, P=0.0031).

Serum cytokine levels are altered following treatment for
EC. To determine the mechanism behind the enhanced
improvement following combined therapy, we investigated
the immune responses of the patients by assessing the levels
of serum cytokines. Serum cytokines in patients with EC
were detected using DAS-ELISA prior to and following each
treatment course. Serum IL-2, IL-6 and IL-12 levels increased
(Fig. 1A-C), while serum IL-4, IL-5 and IL-10 levels decreased
(Fig. 1D-F) in patients of both groups following each course
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of treatment compared to levels prior to treatment (P<0.05).
Of note, these changes in serum cytokine levels were greater
with the lentinan treatment (experimental group) than without
(control group; P<0.05).

Discussion

Decreased immune function is a major factor leading to the
occurrence of malignant tumors. Antitumor immunity is
mainly cell-mediated immunity, in which T lymphocytes play
a central regulatory role (6). Lentinan, a glucan isolated and
purified from mushrooms, is an immune enhancer that affects
the function of T cells and macrophages, promotes proliferation
of T and B lymphocytes, and increases activity of natural killer
(NK) cells (4,7). Thus, the application of lentinan in cancer
therapy enhances host immunity and tumor-fighting ability.
Indeed, in combining lentinan with traditional chemotherapy
in patients with EC, we observed greater improvement in the
general condition, the signs and symptoms, and the quality
of life over traditional chemotherapy alone. Additionally, the
clinical efficacy (assessed as tumor remission, stability or
progression) in patients receiving lentinan in addition to tradi-
tional chemotherapy was significantly better than traditional
chemotherapy alone after just 2 courses of treatment. Thus, the
addition of lentinan to the chemotherapy regimen improves the
quality of life and the outcomes of patients with EC.

To determine the mechanism by which lentinan treatment
results in better outcomes in EC therapy, we investigated the
immune function by assessing serum cytokines. Cytokines
have pro- or anti-inflammatory activities (or both).
Pro-inflammatory cytokines such as IL-2, IL-6 and IL-12
help activate the immune response and therefore minimize
tumor development or progression. IL-2 participates in the
inflammatory response and has antitumor effects (8). IL-6
has been shown to affect occurrence and development of EC,
fighting tumors through mobilization of antitumor immune
mechanisms or by direct effects on cancer cells (9). IL-12
activates NK cells, enhances PHA-induced lymphoblast
proliferation, promotes synthesis of pro-inflammatory cyto-
kines IFN-f and TNF-a by Thl cells, and inhibits synthesis of
anti-inflammatory cytokines IL-4, IL-5 and IL-10 by Th2 cells
(10). By contrast, anti-inflammatory cytokines such as IL-4,
IL-5 and IL-10 are immunosuppressive. IL-4 and IL-5 are
produced by Th2 cells and are able to inhibit proliferation of
Thl cells and other immune responses (11). IL-10 is a cytokine
synthesis inhibitor, a strong immunosuppressive factor with
multi-directional biological activities and an ability to change
the body's immune response or MHC class II antigen expres-
sion and mediate mutual regulation between Thl and Th2
cells (12). Indeed, in the presence of mononuclear cells, IL-10
directly inhibits T cell proliferation and cytokine production
(13). Furthermore, IL-10 plays an important role in the occur-
rence of dendritic cell dysfunction and immune escape in
patients with EC (14).
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In the present study, we showed that the serum levels of
pro-inflammatory cytokines IL-2, IL-6 and IL-12 gradually
increased following each course of treatment, but particularly
for those treated with lentinan as well as tegafur, indicating an
up-regulation of the immune response. Concurrent decreases
in the serum levels of anti-inflammatory cytokines IL-4, IL-5
and IL-10 support this hypothesis. Thus, when combined with
traditional chemotherapy, lentinan improves immune func-
tion in patients with EC. This up-regulation of the immune
response may be responsible for the larger improvements
in the clinical condition/quality of life and efficacy in these
patients compared to those treated with traditional chemo-
therapy alone.

In conclusion, lentinan improves the general condition, the
signs and symptoms, and the quality of life of patients with
EC and improves their clinical outcomes. Lentinan acts by
up-regulating pro-inflammatory cytokines and down-regu-
lating anti-inflammatory cytokines. These positive results,
combined with the safety and the lack of apparent side effects
of this treatment, render lentinan a promising adjuvant chemo-
therapy.
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