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Abstract: The aim of this review is to understand whether lentinan can be a useful integrative rem-
edy for cancer patients. PubMed, EMBASE, Web of Science, Cochrane Library and Google Scholar 
were screened for relevant meta-analyses from inception to 29th September 2020. After database 
search, 8 meta-analyses met inclusion criteria. Retrieved evidence reported that lentinan may be 
useful to improve response rate, 1-year survival, performance status, quality of life and radio/chem-
otherapy toxicity when administered in adjunct to standard therapy, especially for some lung and 
gastrointestinal cancers. Further studies are advised due to limitations of existing evidence. 
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1. Introduction 
Lentinan is a polysaccharide isolated from Lentinula edodes (also called “shiitake” in 

Japanese), an edible mushroom traditionally used in Asian medicine for the treatment of 
various ailments, such as infectious and oncologic diseases [1]. In particular, from a chemical 
point of view, lentinan is a beta-(1,3)-glucan with beta-(1,6) branches characterized by a mo-
lecular weight of 1153 g/mol [2]. As reported by the Memorial Sloan Kettering Cancer Cen-
ter, purported traditional uses of lentinan include cancer treatment and prevention, choles-
terol lowering effects, immune system boosting and infection control [3]. Qualitative re-
views of laboratory and clinical studies suggested that lentinan can enhance some immune 
functions and improve response rates, performance status, quality of life and chemother-
apy-related adverse effects if administered in adjunct to standard therapy in patients with 
various cancer types, mostly lung, gastric and colorectal tumors [1,2,4,5]. 

Research Aim 
The aim of this umbrella review is to understand whether lentinan can be a useful 

integrative remedy for cancer patients on the basis of quantitative evidence from existing 
meta-analyses of clinical studies. 

2. Methods 
This research work was designed as an umbrella review of the scientific literature 

[6]. All relevant meta-analyses investigating the efficacy of lentinan supplementation for 
integrative cancer treatment were included. No publication date or language restrictions 
were posed. The following PICOS criteria (Population, Intervention, Comparison, Out-
comes, Study design) were applied for the inclusion and exclusion of screened articles: 
● P (population): patients diagnosed with any type of cancer disease. 
● I (intervention): the administration of lentinan in adjunct to standard care. 
● C (comparison): standard care only or standard care plus placebo. 
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● O (outcomes): any validated outcome measurement to evaluate potential health-
related improvements (response rate, survival rate, performance status, quality of 
life and any decrease in radio- or chemo-therapy toxicity). 

● S (study design): meta-analyses of clinical studies. 
In view of shared recommendations about optimal database combinations for litera-

ture searches [7], PubMed, EMBASE, Web of Science, Cochrane Library and Google 
Scholar were systematically screened for relevant articles. All databases were searched 
from inception to 29th September 2020. The following keywords were used: “lentinan”, 
“Lentinula edodes”, “Lentinus edodes”, “shiitake”, “cancer”, and “tumor”. Proper Boolean 
operators and database filters were applied to optimize the search. For example, in Pub-
Med, this search strategy was applied: (“Lentinula edodes”[Title/Abstract] OR “Lentinus 
edodes”[Title/Abstract] OR lentinan[Title/Abstract] OR shiitake[Title/Abstract]) AND (can-
cer[Title/Abstract] OR tumor[Title/Abstract]). Filters applied: Meta-Analysis, Review, Sys-
tematic Review. 

The quality of included studies was evaluated with a validated assessment tool de-
signed by the National Institutes of Health (NIH) [8]. Meta-analyses were assessed indi-
vidually and their overall quality, ranging from a minimum of 0 to a maximum of 8, was 
rated as “poor” (C) if 3 or less items were positive, “fair” (B) if 4 or 5 items were positive 
and “good” (A) if at least 6 items were positive. Results of the overall quality assessment 
were reported in a specific column of Table 1. After article selection, relevant data (char-
acteristics of intervention, control type, analyzed outcomes and results of included meta-
analysis) were manually extracted. Then, retrieved evidence was summarized and briefly 
discussed. 

3. Results 
From the database search, 430 articles were found (PubMed: 34; EMBASE: 30; Web 

of Science: 28; Cochrane Library: 0; Google Scholar: 338) and 8 meta-analyses met inclu-
sion criteria [9–16]. In particular, three studies were network meta-analyses [9,10,12], 
whereas the other included research works were standard meta-analyses. The number of 
clinical studies about lentinan efficacy included in each meta-analysis largely varied, thus, 
ranging from 1 to 65. 

Intervention was defined as the administration of lentinan in adjunct to chemother-
apy and, in one case, to radiotherapy [9]. Control groups received standard care alone. 
During each therapeutic session, lentinan was usually administered intravenously at a 
dose of 1 mg [9,10,12]. In general, the weekly dose did not exceed 2 mg [11]. The treatment 
course lasted, on average, from 2 to 8 weeks [15]. In one meta-analysis investigating the 
efficacy of lentinan for malignant pleural effusions, lentinan was not administered intra-
venously, but with intrathoracic infusions [16]. 

Study results indicated that lentinan can be useful to improve response rate, 1-year 
survival, performance status, quality of life and radio/chemotherapy toxicity when ad-
ministered in adjunct to standard care for some lung and gastrointestinal cancers. In par-
ticular, lentinan integrative therapy was able to ameliorate performance status and ra-
dio/chemotherapy toxicity in patients with esophageal, gastric and colorectal cancer, 
whereas it was capable of improving response rate and adverse effects of standard ther-
apy in subjects with lung malignancies. Individuals with advanced-stage solid tumors 
also benefited from lentinan integrative supplementation in terms of 1-year survival rate 
and health-related quality of life. 

When evaluated with the NIH tool, all included studies were judged as characterized 
by a fair-to-good methodological quality. However, in some meta-analyses, literature 
search strategies and the risk-of-bias assessment were poorly described. Evidence from 
included meta-analyses and results of the study quality assessment were summarized in 
Table 1. 
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Table 1. Summary of evidence from included meta-analyses about lentinan for integrative cancer treatment. 

Population Intervention Comparison Outcome Results Study Design RQ Ref. 

Esophageal 
cancer 

Lentinan + RT RT 

Response Rate, 
Performance 

Status, Decrease 
in RT toxicity 

RR (Resp. Rate) = 2.41 
RR (PS) = 4.22 * 

RR (DAE: leukopenia) = 
0.098 * 

NMA (1 study) A [9] 

Gastric cancer 
Lentinan + 

XELOX chem-
otherapy 

XELOX 
chemother-

apy 

Response Rate, 
Performance 

Status, Decrease 
in CT toxicity 

RR (Resp. Rate) = NR 
RR (PS) = 2.04 

RR (DAE: leukopenia) = 
8.16 * 

RR (DAE: nausea/vomit-
ing) = 9.04 * 

NMA (2 stud-
ies) 

A [10] 

Unresec-
table/recur-
rent gastric 

cancer 

Lentinan + CT 
MST = 139 

days * 

CT 
MST = 114 

days 

Survival Rate, 
Response Rate 

HR (Resp. Rate) = 0.80 * 
SMA (5 stud-

ies) 
B [11] 

Colorectal 
cancer 

Lentinan + 
FOLFOX 

chemotherapy 

FOLFOX 
chemother-

apy 

Response Rate, 
Performance 

Status, Decrease 
in CT toxicity 

RR (Resp. Rate) = 1.42 
RR (PS) = 2.72 * 

RR (DAE: leukopenia) = 0.38 
RR (DAE: nausea/vomit-

ing) = 0.43 

NMA (1 study) A [12] 

Advanced 
(gastrointesti-
nal, liver and 
lung) cancer 

Lentinan + CT CT 

1-year Survival 
Rate, Response 
Rate, PoD, De-

crease in CT tox-
icity 

RR (1-y Surv. Rate) = 1.46 * 
RR (Resp. Rate) = 1.28 * 

RR (PoD) = 0.57 * 
RR (nonsevere AE) = 0.88 * 

RR (severe AE) = 0.73 * 

SMA (17 stud-
ies) 

A [13] 

Lung cancer 
Lentinan + CT 
Resp. Rate = 

56.9%* 

CT 
Resp. Rate = 

43.3% 
Response Rate  RR (Resp. Rate) = 0.79 * 

SMA (38 stud-
ies) 

B [14] 

Non-small 
cell lung can-

cer 
Lentinan + CT CT 

Response Rate, 
Decrease in CT 

toxicity 

RR (Resp. Rate) = 1.31 * 
RR (DAE) = 0.54 * 

SMA (12 stud-
ies) 

B [15] 

Malignant 
pleural effu-

sion 1 

Lentinan (in-
trapleural in-
fusion) + CT  

CT 
Response Rate, 

QoL, Decrease in 
CT toxicity 

RR (Resp. Rate) = 1.68 * 
RR (QoL) = 1.51 * 

Reduction in gastrointesti-
nal and hematological CT 

toxicity 

SMA (65 stud-
ies) 

A [16] 

* Significant difference (p < 0.05) between intervention and control in favor of lentinan-adjuncted integrative therapy. 1 
Causes of malignant pleural effusions included lung, breast and ovarian cancer. Legend: AE = adverse effects. CT = chem-
otherapy. DAE = decrease in chemo/radiotherapy adverse effects. MA = meta-analysis. MST = median survival time. NMA 
= network meta-analysis. NR = not reported. PoD = progression of disease. PS = performance status. QoL = health-related 
quality of life. RQ = review quality: A = good quality; B = fair quality; C = poor quality. RR = relative risk. RT = radiotherapy. 
SMA = standard meta-analysis. 

4. Discussion 
The mechanism of action of lentinan is not fully clear yet. Laboratory studies indicate 

that beta-glucans may serve as T-cell specific immune adjuvants and, in particular, lenti-
nan seems capable of increasing the cytotoxicity of immune cells like macrophages and 
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some lymphocytes [17,18]. Moreover, lentinan may increase the production of various in-
terleukins, including IL-4, IL-12, TNF-alpha and IFN-gamma [19,20]. In particular, it has 
been hypothesized that lentinan may modulate the immune function of oncologic patients 
in such a way as to restore their Th1-Th2 lymphocyte balance, which is usually impaired 
and characterized by a predominance of Th2 cells [1]. Additionally, a direct antineoplastic 
effect and a synergistic action with common chemotherapeutic drugs (docetaxel, cisplatin, 
gemcitabine) have been demonstrated in some laboratory experiments [1,3]. 

With regard to clinical tolerability, although data are scant, lentinan is considered as 
quite safe and the majority of possible adverse reactions following its supplementation 
are usually self-limiting, with more severe side effects (anaphylactoid reaction, chest pain, 
fever, granulocytopenia and elevated liver enzymes) mostly occurring for parenteral ad-
ministration when infusion is excessively rapid [1,3,21,22]. However, allergic individuals 
and subjects who develop shiitake dermatitis [23] after mushroom consumption must 
avoid lentinan. Moreover, children, pregnant and breastfeeding women should not be 
given lentinan because of unknown health risks in these categories of patients. Further-
more, subjects with autoimmune disorders should not take lentinan due to the possibility 
of disease relapses and caution is required in patients with hepatic illnesses [24]. In gen-
eral, safety data about lentinan are quite limited and, therefore, additional investigations 
are recommended. For this reason, its administration should be supervised and evaluated 
on a case-by-case basis. 

In conclusion, available evidence suggests that lentinan may be considered as a valid 
integrative therapeutic option to administer in adjunct to radio/chemotherapy for selected 
patients with some solid tumors. Nevertheless, further studies are advised to better un-
derstand not only all potential drug interactions, side effects and long-term outcomes, but 
also disease- and patient-related predictors of efficacy of this complementary therapy. 
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