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Abstract
Purpose of Review Patients seek clinical guidance on mushroomsupplements that can be given alongside conventional treat-
ments, but most research on such fungi has been preclinical. The current systematic review focused on clinical studies of 
mushrooms in cancer care conducted in the past 10 years. We searched Medline (Ovid), Embase (Ovid), Scopus (Wiley), and 
Cochrane Library to identify all mushroom studies conducted in humans published from January 2010 through December 
2020. Two authors independently assessed papers for inclusion.
Recent Findings Of 136 clinical studies identified by screening 2349, 39 met inclusion criteria. The studies included 12 
different mushroom preparations. A survival benefit was reported using Huaier granules (Trametes robiniophila Murr) in 2 
hepatocellular carcinoma studies and 1 breast cancer study. A survival benefit was also found in 4 gastric cancer studies using 
polysaccharide-K (polysaccharide-Kureha; PSK) in the adjuvant setting. Eleven studies reported a positive immunological 
response. Quality-of-life (QoL) improvement and/or reduced symptom burden was reported in 14 studies using various 
mushroom supplements. Most studies reported adverse effects of grade 2 or lower, mainly nausea, vomiting, diarrhea, and 
muscle pain. Limitations included small sample size and not using randomized controlled trial design.
Summary Many of the reviewed studies were small and observational. Most showed favorable effects of mushroom supple-
ments in reducing the toxicity of chemotherapy, improving QoL, favorable cytokine response, and possibly better clinical 
outcomes. Nevertheless, the evidence is inconclusive to recommend the routine use of mushrooms for cancer patients. More 
trials are needed to explore mushroom use during and after cancer treatment.

Keywords Medicinal mushrooms · Mushrooms in cancer · Integrative cancer therapies · Complementary and alternative 
therapies · Reishi · Turkey tail · PSK · Shitake · Maitake · Cordyceps
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TNF-ɑ  Tumor necrosis factor-alpha
Tregs  Regulatory T cells
UFT  Tegafur/uracil

Introduction

Patients with cancer either use complementary treatment 
modalities or want to know more about them. Nearly 4 in 
10 Americans believe that “alternative treatments” may 
cure cancer, according to the American Society of Clinical 
Oncology’s second annual National Cancer Opinion Survey 
in 2018 [1]. Results from the 2012 National Health Interview 
Survey show that the most commonly used complementary 
health approaches among adults in the US included natural 
products (17.7%; defined as dietary supplements other than 
vitamins and minerals), followed by deep breathing (10.9%) 
and yoga, Tai Chi, or Qigong (10.1%) [2]. Natural products 
include various substances such as vitamins, minerals, probi-
otics, herbs, and extracts. Cancer patients and survivors use 
complementary and integrative medicine strategies to reduce 
the side effects (SEs) of conventional treatments, such as 
organ toxicity; improve their quality-of-life (QoL); protect 
and stimulate immunity; or prevent cancer progression or 
recurrence [3].

Mushrooms are rich in bioactive compounds such as beta-
glucan, selenium, and multiple antioxidants that are thought 
to play a significant role in the prevention of chronic dis-
ease and possibly premature deaths [4••, 5, 6]. The use of 
edible mushrooms as a food source is well known in Asia, 
mostly Japan and China, and in recent years has expanded 
to other parts of the world. Current research suggest that 
high mushroom consumption is associated with lower risk 
of cancer, reduced all-cause mortality, and cause-specific 
mortality [4••, 5, 6]. Preclinical studies demonstrate that 
several medicinal mushroom supplements are anti-inflam-
matory and immune enhancing, leading to slower cancer 
progression, decreased probability of metastasis, and longer 
survival in animal models [7–10]. However, there may be a 
risk of serious adverse effects. For example, Agaricus mush-
room supplements cause autoimmune liver injury through 
excessive immune stimulation [11]. Chaga mushrooms may 
cause oxalate nephropathy [12]. Additionally, supplements 
may negatively interact with cancer treatment, prescrip-
tion medications, and other herbs/supplements [13•, 14]. 
Maitake (Grifola frondosa) mushrooms interact with war-
farin and increase bleeding tendencies [15]. Furthermore, 
patients are not always familiar with dietary supplements’ 
limited regulation in the United States under the Dietary 
Supplement Health and Education Act of 1994 [16]. Under 
this legislation, supplements are exempted from the typical 
degree of scrutiny that the Food and Drug Administration 
imposes on medications. This limited oversight may increase 

toxicity due to contamination and/or lack of control on the 
contents of the products, leading to excessive amounts of 
certain harmful ingredients. For instance, heavy metal and 
microbial contamination of supplements may pose a health 
risk for patients [17].

Patients usually use mushroom supplements to enhance 
their immune system’s ability to fight against cancer. Mush-
rooms are approved for use in some countries and are often 
integrated with treatment protocols. For example, polysac-
charide-K (polysaccharide-Kureha; PSK) is commonly used 
in Japan, whereas Reishi (Ganoderma lucidum) is used in 
China [18]. Torkelson et al. conducted a phase 1 clinical trial 
enrolling 9 patients using Trametes versicolor in the US pop-
ulation and deemed it safe and tolerable [19]. Conversely, 
mushroom supplements are immunomodulators that either 
stimulate or inhibit cancer patients’ immunity and could lead 
to adverse events [20]. These conflicting results are chal-
lenging when patients seek clinical guidance. Despite the 
increasing interest and evidence, there is little training on 
herbs and supplements in medical education, creating com-
munication strain for oncologists who seek to provide relia-
ble information to their patients. One solution that addresses 
this gap in knowledge is the development of a new field of 
care called integrative oncology. This new field covers evi-
dence-based knowledge of the use of natural products among 
others to optimize health and improve quality of life across 
the cancer care continuum and to empower people to pre-
vent cancer and become active participants before, during, 
and beyond cancer treatment [21]. In integrative oncology, 
there is emphasis on shared decision-making and improved 
communication between patients and their families and their 
health care providers [22, 23].

To date, few recent systematic reviews of clinical research 
have evaluated the role of commonly used mushroom sup-
plements across different cancer types. Herein, we present 
the results of a systematic review of the literature of clinical 
studies published during the past 10 years that examined the 
use of mushroom supplements in cancer care. Understand-
ing the recent literature on clinical studies using mushroom 
supplements for cancer care would help clinicians counsel 
cancer patients on the benefit-risk profile of mushroom 
supplements.

Methods

Study Overview and Selection Criteria

A qualified medical librarian conducted a systematic search 
of the literature through the following databases: Medline 
(Ovid), Embase (Ovid), Scopus (Wiley), and Cochrane 
Library. Queries for mushrooms and cancer were performed 
using both the natural language and controlled vocabulary 
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terms with the taxonomic, colloquial, and Chinese or other 
names of mushrooms (including but not limited to Reishi, 
Turkey Tail, Shiitake, Maitake, Lion’s Mane, Chaga, and 
Huaier granule) and cancer. A complete list of the search 
queries for Medline can be found in Supplemental Table 1. 
The database search was performed on January 9 and 10, 
2020, with a limit of 10 years before this date for study pub-
lication. An updated search was performed on October 29, 
2020. After the exclusion of duplicates, we retrieved 2349 
records. We chose the past decade (2010–2020) because 
many advances in cancer treatment (e.g., immunotherapy) 
have occurred, and previous mushroom studies might not 
have used the latest therapies. Furthermore, studies prior 
to 2010, mainly in Asian countries, have shown that certain 
medicinal mushrooms have a direct effect on improved qual-
ity of life and improved survival [24–27]. Our goal was to 
understand if there are more recent clinical studies in the 
past 10 years that would further the evidence to routinely 
integrate the use of medicinal mushrooms in cancer care 
globally.

We included the studies having the following inclu-
sion criteria: (1) clinical trial or cohort study involving 
more than 10 patients, (2) English language, (3) the use of 
mushroom(s) as an intervention added to standard cancer 
therapy, (4) patients with a confirmed diagnosis of cancer, 
and (5) reporting cancer-related outcomes, such as survival, 
immune function, adverse events (AEs), and/or QoL. We 
excluded case reports or case series as well as studies con-
taining mushrooms as one of several ingredients in a sup-
plement. To expand our analysis, we included studies inde-
pendently of the outcome measured if they met the inclusion 
criteria. We used the Cochrane risk of bias assessment tool 
to evaluate the methodological quality of the included stud-
ies. We summarized the study details in Table 1 and their 
bias risk in Table 2.

Data Extraction and Quality Assessment

Two authors (Narayanan, S and Nazar, F or Narayanan, 
S and Rozman, A) independently reviewed the titles and 
abstracts of the retrieved citations to identify relevant trials. 
We resolved the disagreements by discussion. For each of 
the articles in our final selection, we extracted the follow-
ing data: general information (the year of publication, first 
author, and duration of the study), study design (prospective, 
retrospective, and clinical trial), population baseline charac-
teristics (age, gender, cancer diagnosis, staging, performance 
status, and previous treatment), intervention (the type of 
mushroom, extraction technique, dose, duration of therapy, 
and sample size), outcomes, and the authors’ conclusions. 
We also collected data on blinding, randomization, and drop-
out reporting in clinical trials. Because of the heterogeneity 
of interventions, outcomes, and cancer diagnoses studied, 

we presented the results in a descriptive fashion instead of 
combining them in a meta-analytic statistical approach.

Results

Study Selection

The study selection process was recorded in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram (Fig. 1). Of 2349 unique studies 
screened, 2210 were excluded because they did not meet 
the inclusion criteria through abstract review. We selected 
the remaining 139 for a further in-depth review. The final 
selection included 39 articles: 15 randomized control tri-
als (RCTs), 11 prospective, and 13 retrospective studies. Of 
39 studies, only 1 was conducted in the US, with 9 con-
ducted in China, 20 in Japan, 2 in Taiwan, 2 in Brazil, 2 in 
South Korea, and 1 trial each in Norway, Iraq, and Thai-
land (Table 1). Table 2 depicts the risk of bias ratings of the 
included studies. High or unclear risk of bias ratings was 
mainly due to lack of blinding and small sample size.

Mushroom Compounds, Cancer Diagnosis, Staging, 
and Performance Status

Eleven different types of mushroom extracts were included. 
The most frequently studied mushroom was PSK (Turkey 
tail, N = 10); followed by Lentinula edodes mycelia extract 
(Shiitake, N = 8); Trametes robinophilia Murr. (Huaier gran-
ules, N = 5); active hexose correlated compound (AHCC, 
N = 5), a proprietary extract of Shiitake mushroom (Len-
tinula edodes); and others. The most studied cancer types 
were gastric cancer (N = 11), breast cancer (N = 8), and pros-
tate cancer (N = 5), followed by other cancer types. Seven 
studies included patients with advanced cancer (stage ≥ 4 or 
unresectable tumor), whereas the rest had early-stage dis-
ease. Most studies did not report the patients’ performance 
status before the intervention.

Survival Analysis, Disease Control, and Tumor 
Biomarkers

A combination of Huaier granules with conventional 
treatment in breast cancer patients showed a statistically 
significant improvement in DFS (disease-free survival), 
112.61 months in Huaier group compared to 91.43 months 
for control (hazard ratio (HR), 2.97; P < 0.01) [28]. In a 
randomized control trial (RCT) of 62 patients with HCC, 
Huaier granules in combination with standard-of-care treat-
ment improved mid- to long-term overall survival (OS) 
[29]. A retrospective analysis of 36 hepatocellular carci-
noma (HCC) patients showed an increase in both time to 
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Table 2  Bias risk table

Cochrane bias risk assessment tool was used to access bias risk for each study

Randomized clinical trials
Random 

sequence 
generation

Allocation concealment Blinding of participants Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
report-
ing

Ahn M, Korea, 2013 Low High High High High Low
Akagi J, Japan, 2010 Low High High High Low Low
Chen Q, China, 2018 Low Low High Low Low Low
Costa Fortes R, Brazil, 2010 Low Unclear Low Low Unclear Low
Miyake Y, Japan, 2016 Low High High High Low Low
Nagashima Y, Japan, 2017 Low Low Low Low Low Low
Sadahiro S, Japan, 2010 Low High High High Low Low
Suknikhom W, Thailand, 2017 Low Low Low Low Low Low
Tangen J, Norway, 2015 Low Low Low Low Moderate Low
Tsai M, Taiwan, 2016 Low Unclear Low Low Low Low
Valadares F, Brazil, 2013 Low Low Low Low Low Low
Yamashita K, Japan, 2015 Low High High High Low Low
Yoshino S, Japan, 2016 Low Unclear High High Low Low
Zhao G, China, 2017 Low High High High Low Low
Zhao H, China, 2012 Low Unclear Unclear Unclear Low Low
Prospective studies

Selection bias Information bias Attrition bias Reporting bias
Ali N K M, Iraq, 2019 Low Low Low Low
Ito T, Japan, 2014 High Low Low Low
Nagashima Y, Japan, 2013 Moderate Low Low Low
Ohno S, Japan, 2011 Low Low Low Low
Ohno S, Japan, 2013 Low Moderate Low Low
Sumiyoshi Y, Japan, 2010 Moderate Moderate Low Low
Suzuki N, Japan, 2013 Low Low Low Low
Twardowski P, USA, 2016 Low Unclear Low Low
Wang J, China, 2012 High Moderate Low Low
Yanagimoto, H, Japan, 2016 High Low Low Low
Yoshimura K, Japan, 2010 High Low Low Low
Retrospective studies

Selection bias Information bias Attrition bias Reporting bias
Fukuchi M, Japan, 2016 High Low NA Low
Guo L, China, 2018 Low Low NA Low
Hangai S, Japan, 2013 Low Low NA Low
Higashi D, Japan, 2012 High High NA Moderate
Hsu J, Taiwan, 2016 Low Low Low Low
Ito G, Japan, 2012 Low Low Low Low
Lee S, Korea, 2019 Low Low Moderate Low
Namikawa T, Japan, 2015 Low Low Low Low
Qi J China, 2020 Low Low Low Low
Tanaka H, Japan, 2012 Low Moderate NA Low
Wang X, China, 2020 High Low NA Low
Zhang Y, China, 2018 Low Low Low Low
Zhoul L, China, 2017 Low Low Low Low
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recurrence and OS with the use of Huaier granules [30]. 
Chen et al. performed a large multi-center RCT enrolling 
1044 patients using Huaier granules as an adjuvant therapy 
for HCC after curative liver resection [31••]. This study 
reported a significant prolongation of mean recurrence-free 
survival (RFS), 75.5 weeks and 68.5 weeks for the Huaier 
(n = 686) and control groups (n = 316), respectively (HR, 
0.67; 95% confidence interval (CI), 0.55–0.81). The same 
study also reported reduced extrahepatic recurrence (8.60% 
vs. 13.61%, P = 0.0149) in the Huaier granule group vs. 
control group. Qi et al. in a retrospective study of stage 2b 
gastric cancer demonstrated an improvement in (DFS 51.32 
vs. 44.19, P = 0.034) and improved overall survival (56.81 
vs. 51.32, P = 0.20) with the use of Huaier granules in com-
bination with chemotherapy [32].

PSK as an adjuvant with chemotherapy after curative 
gastric cancer resection increased the 3-year RFS, com-
pared with chemotherapy only [18, 33]. This increase was 
seen in patients with major histocompatibility complex 

(MHC) class 1–negative primary lesions and those with 
more than 3 lymph node metastases. Tanaka et al. showed 
improved OS with PSK (P = 0.023) in patients with early 
tumor recurrence and improved OS in patients with pN3 
metastasis (P = 0.032) [34]. PSK combined with chemo-
therapy increased the median number of cycles of chemo-
therapy (4.5 vs. 7.7) with better RFS in a retrospective study 
of gastric cancer patients [35]. PSK also improved 5-year 
OS (54.8% vs. 45.55; P = 0.031) in stage IIIA/IIIB gastric 
cancer patients, especially in the programmed death ligand 
1 (PD-L1)-negative subpopulation [36]. Additionally, PSK 
prolonged OS in patients with gastric cancer (HR, 0.608; 
95% CI, 0.375–0.985; P = 0.041) [37]. It is to be noted that 
in an RCT of 111 curatively resected gastric cancer patients 
showed a trend of slightly worse DFS and OS with PSK use, 
though the difference did not reach statistical significance 
and the trial closed prematurely and therefore excluded from 
our systematic review [38]. Ahn et al. used PSK as adjuvant 
in patients with locally advanced gastric cancer treated with 
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iv vs. po chemo-immunotherapy; therefore, the role of PSK 
in this study is inconclusive [39]. In a study of 309 unresect-
able gastric cancer patients using lentinan (LNT), OS did not 
improve, and time to treatment failure worsened 2.6 in the 
LNT group vs. 4.3 months with S1 alone (P < 0.001) [40]. A 
phase III trial in stage IIB, III colorectal cancer patients UFT 
(uracil and tegafur), and PSK adjuvant therapy was not non-
inferior to UFT and leucovorin (LV) therapy with respect to 
the DFS (72.1 in PSK group vs. 82.3% in UFT/LV, − 9.06%, 
90% confidence interval − 17.06 to − 1.06%) [41].

P. linteus along with adjuvant chemotherapy in pancre-
atic cancer patients led to the completion of chemother-
apy in multivariable regression analysis (odds ratio, 2.14; 
P = 0.039) [42]. In this study, P. linteus potentially lowered 
the toxicity of chemotherapy, improving patients’ adherence 
and ultimately DFS.

AHCC significantly reduced chemotherapy-related AEs 
in pancreatic cancer patients, compared with the control 
group (74% vs. 50%; P = 0.003) with similar response rates 
[43]. However, AHCC alone yielded no significant change in 
prostate-specific antigen (PSA) levels, and a combination of 
AbM-Reishi yielded no significant effect on PSA doubling 
time, in 2 prostate cancer studies [44, 45]. Tsai et al. did not 
find a survival improvement combining A. cinnamomea vs. 
placebo with chemotherapy among patients with advanced 
cancer in a randomized control study [46].

Immune Markers

The most commonly reported immune markers were inter-
feron-gamma (IFN-γ, which stimulates the expression of 
tumor-suppressing factors), tumor necrosis factor-alpha 
(TNF-ɑ), interleukins (ILs), T cells, natural killer (NK) 
cells, etc. Ali et al. reported higher IFN-γ levels after G. 
lucidum was given to breast cancer patients receiving chem-
otherapy [47]. Suzuki et al. found a significant increase in 
IFN-γ with L. edodes mycelia in a subgroup of 6 breast can-
cer patients with decreased immunity [48].

TNF-ɑ is a proinflammatory cytokine involved in the 
growth, proliferation, and metastasis of breast cancer. 
G. lucidum reduced the levels of TNF-ɑ in breast cancer 
patients undergoing chemotherapy or endocrine therapy [47, 
49]. Moreover, G. lucidum decreased the levels IL-6 levels 
with linear correlation to cancer-related fatigue in breast 
cancer patients undergoing endocrine therapy [49].

AHCC did not significantly alter NK cell activity or lev-
els of T helper 1/T helper 2 (Th1/Th2) cells in early-stage 
prostate cancer patients [45]. However, Nagashima et al. 
found that L. edodes mycelia with chemotherapy prevented 
decreased NK cell activity after the first week of chemother-
apy in breast cancer patients [50]. A subsequent study from 
the same group did not replicate this finding [51] but found 
reduced  FoxP3+/CD25+ regulatory T cells  (Tregs) among the 

 CD4+ T cells in the L. edodes mycelia group compared with 
the placebo group. Such  Treg reduction was associated with 
reduced immunosuppression and increased tumor immunity. 
There were no significant changes in  CD4+ and  CD8+ lym-
phocytes with the use of AHCC vs. placebo in women with 
epithelial ovarian or peritoneal cancer [52].

PSK use in a post-surgical setting in patients with stage 
II/III gastric cancer lowered the number of  CD57+ T cells 
(16% vs. 28%; P = 0.048), compared with chemotherapy 
alone, at 3-month follow-up [33].  CD57+ T cells suppress 
tumor immunity and are associated with poor prognosis 
in advanced gastric cancer [53]. PSK use in rectal cancer 
patients during preoperative chemoradiation before sur-
gery increased NK cell counts in peripheral blood and also 
increased cytotoxic T cell counts in peri-tumoral and nor-
mal mucosa of surgically resected specimens [54]. PSK 
use as neoadjuvant therapy for 2 weeks preoperatively in 
patients with advanced gastric cancer reduced plasma levels 
of transforming growth factor-beta (TGF-β; 21.6 to 4.5 ng/
mL, on average), which may antagonize immune evasion 
by cancer [55]. Lentinan administered with chemotherapy 
for esophageal cancer caused an increase in serum levels 
of IL-2, IL-6, and IL-12, and a decrease in IL-4, IL-5, and 
IL-10 to a greater extent compared to control group with 
no lentinan, which favor a better immune response [56]. 
Combining lentinan with chemotherapy in non-small cell 
lung cancer patients also increased  CD3+/56+ NK T cells 
(15.7 ± 3.1%) compared with patients who did not receive 
lentinan (8.6 ± 1.4%) [57]. There was also a decrease in 
 CD4+/25+  Treg percentage, suggesting a shift from Th2 to 
Th1 status with lentinan use. Twardowski et al. detected 
high IL-15 levels in 3 patients with biochemically recur-
rent prostate cancer who had complete or partial response to 
white button mushroom powder [58]. IL-15 stimulates CD8 
T cells, NK cells, and NK T cells.

Though most mushroom studies are conducted in solid 
tumor patients, Andosan, an AbM-based mushroom extract, 
when combined with autologous stem cell transplant and 
high-dose chemotherapy, significantly increased serum IL-1 
receptor antagonist (IL-1Ra), IL-5, and IL-7 at the end of 
treatment in multiple myeloma patients [59]. Moreover, the 
harvested stem cells had increased  Tregs and plasmacytoid 
dendritic cells in the mushroom group compared with the 
placebo group, suggesting positive and negative immu-
nomodulatory effects.

Symptom Severity and QoL Assessment

Many of the studies assessed QoL and symptoms, yet there 
was considerable heterogeneity of the assessment tools 
used. All studies revealed that mushroom use improved 
at least 1 physical, psychological, or other QoL outcome. 
G. lucidum was associated with better physical well-being 



Current Oncology Reports 

1 3

and global QoL [49]. AHCC decreased both appetite loss 
and dyspnea symptoms [60], and AbM was associated with 
higher reports of physical component summary and mental 
component summary scores on SF-8 [61]. Studies using L. 
edodes mycelia showed that the mushroom-treated groups 
avoided lower QoL scores after second-line chemotherapy 
compared to controls [50], with higher scores on functional 
and physical domains in another study [36]. Lentinan-chem-
otherapy combination greatly improved QoL of esophageal 
cancer patients [56]. L. edodes mycelia use improved QoL 
in terms of symptoms and the function scale during the last 
4 weeks of immunotherapy. AHCC and A. cinnamomea 
showed improvements in anxiety symptoms [45] and sleep 
quality, respectively [46]. A. sylvaticus supplementation in 
patients who had undergone resection of colorectal cancer 
reduced pain, insomnia, gastrointestinal symptoms, and 
improved mood, compared with placebo [62]. Patients who 
took Huaier granules felt less tense or irritable and had less 
difficulty remembering things or sleeping than did patients 
in the control group [28].

Adverse Events

Studies reported both the AEs of mushroom extracts them-
selves and/or the effect of mushrooms on adverse effects of 
chemotherapy. The studies that evaluated the AEs of mush-
room extracts are AHCC [43, 45, 60, 63], L. edodes [48, 51], 
AbM [64], A. cinnamomea [46], and G. lucidum [49]. Grade 
3 SEs related to mushroom extracts were observed for AbM 
(urticaria grade 3) [64] and A. cinnamomea (bleeding grade 
3–4, lowered platelet count) [46]. The remaining reported 
SEs were grade 2 or lower.

Many reviewed studies showed reduction in chemother-
apy-related AEs due to mushroom supplements. Patients 
with advanced cancer undergoing chemotherapy showed 
improvements in hematological toxicity and hepatotoxicity 
[60]. The concurrent use of AHCC during chemotherapy in 
breast cancer reduced neutropenia-related events, including 
a lower use of granulocyte colony-stimulating factor [63]. 
A lentinan-chemotherapy combination decreased the inci-
dence of AEs in ovarian and gastric cancer [65, 66]. Women 
with breast cancer taking Agaricus sylvaticus demonstrated 
improved nutritional status and gastrointestinal parameters 
(i.e., nausea, vomiting, or anorexia) compared with those 
receiving placebo [67].

Discussion

This systematic review examined the evidence on the effects 
of mushroom supplements in cancer patients. Of 39 clini-
cal trials extracted from the different databases that fit our 
inclusion criteria, 31 studies showed beneficial effects of the 

mushrooms, resulting in improved quality of life, reduced 
SE profiles of different chemotherapeutic drugs, improved 
anti-inflammatory and anti-metastatic effects, and improved 
DFS as well as OS in a few trials. Six of the 39 studies did 
not show any effect or advantage of adding medicinal mush-
rooms [39, 41, 44–46, 59]. Only 2 out of 39 studies revealed 
worsening outcomes and increased AEs due to mushroom 
supplements [40, 52]. We found significant heterogeneity 
among the reviewed studies in cancer diagnosis, cancer 
stage, types of mushrooms used, and outcome measures. 
Quantitative analysis of the study results was not feasible 
because of the heterogeneity of cancers and various outcome 
measures. Therefore, we found that the current evidence is 
insufficient to inform clinical decision-making on the use of 
mushrooms in cancer. Small sample size as well as lack of 
randomization and blinding were the main limitations of the 
reviewed studies, leading to a high risk of bias and preclud-
ing our ability to reach clear conclusions.

Mushrooms inhibited cancer cell lines in vitro and are 
considered a promising agent in cancer in vivo models 
[68–78]. However, the majority of the evidence is preclini-
cal, compared to clinical studies in cancer patients in the 
last 10 years. Mushroom products may have AEs, including 
drug-supplement interactions, quality control issues, meta-
bolic interactions, drug-drug interactions, organ toxicity, 
and tumor growth. Studies included in the current system-
atic review reported mostly lower grade SEs without major 
AEs. However, this should be interpreted with caution, as 
some studies were retrospective. There is a risk of interac-
tion between supplements with other medications or cancer 
treatments, causing decreased efficacy or SEs [60–63]. This 
interaction risk was not explored in depth in the reviewed 
studies.

The safety and benefits of edible mushrooms are reflected 
in several systematic reviews and meta-analyses [5, 6]. In 
our review, mushroom extracts seemed to improve QoL out-
comes and help decrease anticancer treatment-related tox-
icities, thus increasing treatment adherence and improving 
outcomes. Though numerous studies have shown favorable 
immune outcomes, a few studies showed immunosuppres-
sive effects or mixed immune response [20, 59]. There-
fore, the complex biological effects of mushrooms on the 
immune system in cancer are yet to be fully understood. 
Herein, mushroom supplements seemed to be well tolerated 
by most patients, without major AEs. However, large RCTs 
are needed to confirm the reported benefits and toxicities 
of mushrooms in combination with the standard of care in 
cancer.

There are several limitations to the current systematic 
review. Although the aim of the present systematic review 
was to include all relevant reports through an expansive 
list of keywords and multiple databases, there is still a 
possibility that we missed some studies. Particularly, we 
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omitted articles in languages other than English. Further-
more, small sample sizes as well as lack of randomiza-
tion and allocation concealment in some of the included 
trials might have decreased the quality of evidence in 
the current review findings. Additionally, several studies 
were conducted in Asian countries, and it is unclear if the 
results are generalizable to other ethnic groups. We did 
not include a search of the Chinese knowledge databases, 
which would likely contain numerous studies using mush-
room extracts and using traditional Chinese medicine with 
mushroom as 1 of the ingredients. We also did not include 
studies that measured outcomes that might affect cancer 
indirectly, such as improved metabolic effects associated 
with the use of mushroom supplements. We restricted the 
study period to 2010–2020, and this resulted in missing 
clinical trials published prior to 2010 or after 2020.

Despite these limitations, we believe the current sys-
tematic review provides cancer professionals a condensed 
source of information for clinicians to lead a discussion 
on the current clinical evidence of using mushrooms in 
cancer, their benefits, AEs, etc. [79]. In a survey of 61 
clinicians and 529 patients in 2 oncology practices affili-
ated with 1 academic medical center, complementary and 
alternative medicine discussions in visits varied signifi-
cantly by practice context, with the patient initiating most 
of the discussions [80]. However, such open discussions 
may help patients build trust in the physician–patient 
relationship and enable them to make an informed deci-
sion [22]. Furthermore, our systematic review might help 
inform the choice of mushroom supplements to study in 
different cancer types.

Conclusion

Most reviewed studies reported improved QoL and favorable 
immunological outcomes; however, evidence from this sys-
tematic review is insufficient to recommend the routine use 
of mushroom supplements in cancer patients. Huaier gran-
ules in HCC and PSK in gastric cancer seem to be the most 
studied mushroom extracts in the past 10 years for survival 
benefit and warrant further studies to confirm the results in 
other ethnic groups. We recommend open communication 
to discuss patients’ priorities and goals as well as the avail-
able evidence on the benefits and risks of mushroom supple-
ments. Further prospective trials, particularly high-quality 
RCTs, are required to investigate how to integrate mushroom 
supplements safely alongside conventional cancer treatment 
to improve patient outcomes. Furthermore, integration of 
natural products in oncology setting is feasible [81] and 
more research is needed to safely integrate mushroom sup-
plements in cancer care.
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