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ABSTRACT

Purpose: A scoping review was conducted to assess the toxicity and safety of Ganoderma lucidum.

Methods: A literature search was conducted in several medical databases (EMBASE. Scopus. PubMed, Cochrane Library.
ScieneON, and RISS) to identify studies related to G. lucidum. We extracted clinical manifestations of adverse events described
in the included studies and analyzed whether the incidence of each adverse event was higher in the G. lucidum group compared

to the placebo group.

Results: An initial search yielded 1.409 studies. of which 31 studies met the criteria and included in the final analysis (7
randomized controlled trials, 5 nonrandomized studies, and 19 case reports). Several gastrointestinal, respiratory, neurological,
and dermatological manifestations were reported as adverse events in the included literature. However, no serious adverse
events with a causal relationship to G. lucidum were reported in studies other than case reports, and no statistically significant
differences in the incidence of any adverse events were observed between the G. lucidum group and the placebo group (p>0.05).

Conclusion: Our findings do not seem to support the claim that G. Jucidum poses a safety risk when consumed as food or
as an ingredient in food. However, given the existence of some adverse events where a causal link to G. Jucidum cannot be

entirely ruled out, further research and ongoing monitoring are still warranted.
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Cochrane library (n=23), ScienceON (n=217),

RISS (n=43), manual search (n=7)
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— Duplication (n=466)

[ Title & abstract screening (n=1,409)

Exclusion (n=1,292)

= Not about yeongji (n=585),

« Studies on the cultivation of yeongji (n=19),

—— + Researches into the constituents of yeongji (n=28),

« Studies of the non-pharmaceutical applications of yeongji (n=44),
« Preclinical studies (n=
« Reviews, editorials, protocols, surveys, in silico studies, and etc (n=156)

460),

Full-text screening (n=117)

+ Not about yeongji (n=5), preclinical studies (n= 14),

* Reviews, editorial, survey (n=26)

Case reports or case series (n=25)

Restrospective studies, cohort studies, before-and-

after studies (n=19)

« Clinical studies administering yeongji combined with
other botanicals or substances (n=13)

+ Randomized controlled clinical trial (n=15)

Literatures that fit the criteria

» Case reports or case series (n=19)

« Non controlled clinical studies (n=5)

» Randomized controlled clinical trials (n=7)

Fig. 1. Literature search, screening, exclusion, and selection.
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Table 1. Adverse Events in Randomized Contolled Trials
Study ID Participants Yeongji Control Adverse events Advserse events
(n=369) (n=199) (n=170) in yeongji group in placebo group
Ganoderma lucidum
polysaccharides capsule
Gao 2003 Patients with advanced (Ganopoly®). Placebo  Nausea (n=2), insomnia Nausea (n=0), insomnia (n=0),
lung cancer (n=68) 3 capsules (600 mg per (n=31) (n=1), vomiting (n=0) vomiting (n=1)
capsule), three times daily,
12 weeks. (n=37)
G. lucidum extract capsule
(SunRecome®, manufactured
Subjects not taking by the Xi'an Green Valley
any medications.  Pharmaceutical Co., China) Pl . B . B . B . B
acebo Fatigue (n=1), thirsty (n=1), Fatigue (n=1), thirsty (n=3),

Wicks 2007°  Other detailed inclusion
criteria were not

described (n=16)

consisted of G. lucidum
and G. lucidum spore.

4 capsules (500 mg extract

per capsule), twice a day,
for 10 days. (n=8)

(n=8)

low-abdominal pain (n=0) low-abdominal pain (n=1)

Men with lower urinary
tract symptoms
(n=50)

Noguchi 20082

G. lucidum extract tablet
(manufactured by Chlorella
Industry, Tokyo, Japan).
0.6 mg (0.075 mg/tablet),
6 mg (0.75 mg/tablet) or Placebo
60 mg (7.5 mg/tablet) as (n=12)
8 tablets, once daily,
for 8 weeks. (n=38: 0.6 mg,
n=12: 6 mg n=12: 60 mg
n=14)

Nausea (n=2), high blood Nausea (n=0), high blood
pressure (n=2), fatigue pressure (n=0), fatigue (n=0),

(n=1), rash (n=1), diarrhea rash (n=0), diarrhea (n=1),

(n=0), constipation (n=0) constipation (n=2)

Men with lower urinary

Noguchi 2008b™®  tract symptoms

G. lucidum extract tablet
(Chlorella Industry Co..
Tokyo, Japan). Placebo

6 mg (3 mg/tablet x 2T), (n=44)

Diarrhea (n=1), constipation Diarrhea (n=2), constipation
(n=1), chest pain (n=1), (n=2), chest pain (n=0),
high blood pressure (n=1), high blood pressure (n=0),
rash (n=1), neuralgia D, rash (n=2), neuralgia (n=0),

(n=
(n=88) once daily. for 12 weeks. nausea (n=0), fatigue (n=0), nausea (n=2), fatlgEe (n=1),
B hoarseness (n=0), hoarseness (n=1),
(n=44) . B
impotence (n=0) impotence (n=1)

Patients with type
2 diabetes mellitus
and metabolic
syndrome (n=>57)

Klupp 2016"

G. lucidum extract capsule.
4 capsules, twice a day,
for 16 weeks.

A daily dose of 8 capsules Placebo

contains G. lucidum  (n=30)
mushroom extract 2,240 mg,
G. lucidum spores 740 mg.

(n=27)

Fatigue (n=6), diarrhea (n="6),
nausea (n=4), constipation
(n=3), immune system
and infection (n=9),
musculoskeletal (n=6),
alimentary and pancreatic
(n=5), respiratory (n=5),
endocrine (n=2), neurological
(n=2), mental health (n=2)
headache (n=1), skin (n=

cardiovascular (n=0)

Fatigue (n=1), diarrhea (n=4),
nausea (n=1), constipation
(n=3), immune system and
infection (n=14), musculoskeletal
(n=4), alimentary and pancreatic
(n=5), respiratory (n=5),
endocrine (n=1), neurological
(n=0), mental health (n=2),
1)' headache (n=1), skin (n=4),
’ cardiovascular (n=3)
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G. Lucidum spore powder

capsule (Provided by Beijing

Great Wall Pharmaceutical
Factory).

4 capsules of 1,000 mg
each time (250 mg/capsule),
3 times daily, and 7 days
weekly for a total of 6 weeks

(n=21)

Patients with Alzheimer
disease (n=42)

Placebo

17
Wang 2018 (n=21)

Nausea (n=3), vomiting Nausea (
(n=2), diarrhea (n=2),
stomach pain (n=2), bloating
(n=2), headache (n=2),
constipation (n=1),
dizziness (n=1)

n=1), vomiting (n=1),

diarrhea (n=0), stomach pain
(n=0), bloating (n=0),

headache (n=0), constipation
(n=1), dizziness (n=0)

G. lucidum broken spore

capsule (provided by Z

Natural Pharmaceutical
Co. Ltd.. Bangkok).

Patients diagnosed
Tangkhaphiphat with breast or colorectal
20221 cancer and completed
chemotherapy (n=48) 1 capsule (250 mg), 3 times

Placebo
(n=24)

Nausea (n=1), constipation Nausea (n=1), constipation
(n=1), dry mouth (n=1), (n=1), dry mouth (n=2),
oral wound (n=1), headache oral wound (n=0), headache
(n=1), foot cedema (n=0), (n=0), foot cedema (n=1),

daily, for 8 weeks. (n=24) pain (n=0) pain (n=3)
Table 2. Relative Risk of Each Adverse Event
Yeongji Placebo RR 95%C1 p

Nausea 12 5 1.938 0.6762: 5.5546 0.2181
Diarrhea 9 7 1.1507 0.4103: 3.2275 0.7897
Fatigue 8 3 1.6675 0.3998: 6.9546 0.4828
Constipation 6 9 0.6786 0.2498: 1.8432 0.4469
Headache 4 1 2.4097 0.4428: 13.1124 0.3089
High blood pressure 3 0 2.1621 0.2474: 18.8974 0.4857
Stomach pain 2 0 5 0.2544: 98.2720 0.2895
Vomiting 2 2 1.0049 0.1545: 6.5384 0.9959
Rash 2 2 0.6366 0.0964: 4.2044 0.6392
Oral wound 1 0 3 0.1283: 70.1647 0.4946
Dry mouth 1 2 0.5 0.0485: 5.1535 0.5603
Thirsty 1 3 0.3333 0.0433: 2.5635 0.2912
Chest pain 1 0 3 0.1255: 71.6961 0.4975
Dizziness 1 0 3 0.1291: 69.6994 0.4936
Neuralgia 1 0 3 0.1255: 71.6961 0.4975
Insomnia 1 0 2.5263 0.1066: 59.8975 0.5661
Low-abdominal pain 0 1 0.3333 0.0156: 7.1402 0.4823
Hoarseness 0 1 0.3333 0.0139: 7.9662 0.4975
Foot oedema 0 1 0.3333 0.0143: 7.7961 0.4946
Impotence 0 1 0.3333 0.0139: 7.9662 0.4975
Pain 0 3 0.1429 0.0078: 2.6247 0.1901
Immune system and infection 9 14 0.7143 0.3705: 1.3771 0.3151
Musculoskeletal 6 4 1.6667 0.5259: 5.2815 0.3854
Alimentary and pancreatic 5 5 1.1111 0.3606: 3.4234 0.8544
Respiratory 5 5 11111 0.3606: 3.4234 0.8544
Endocrine 2 1 2.2222 0.2133: 23.1497 0.5042
Neurological 2 0 5.5357 0.2775: 110.4185 0.2625
Mental health 2 2 1.1111 0.1679: 7.3530 0.913
Skin 1 4 0.2778 0.0331: 2.3345 0.2382
Cardiovascular 0 3 0.1582 0.0085: 2.9290 0.2156
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Table 3. Adverse Events in Non-Controlled Studies

Formulation, dosage, and

Study ID Paticipants Study type duration Adverse event
Patients with
Kanmatsuse hy(}i)ertglnsi)n (n=4.0), Pre-post G. ]1;lczdum extrafct 6] talzlllets) Abdominal distension (n=1),
19851 &M mild hypertension clinical trial (equvalent to 3 g of G fucidium diarrhea (n=1)
to normal blood per day, for 6 months

pressure (n=13)
patients with
Tao 19907 artheroslerosis

Pre-post  G. lucidum 1g 3 times a day, Decreased platelet aggregation

(n=33) clinical trial for 2 weeks. rate (p<0.05)
. . A dietary supplement made Hemoglobin (n=2),
Yoshimura Patients with Pre-post  from G. lucidum (Rokkaku  leukocytosis (n=1), rash
2010% pros(t atf I(ée;ncer clinical trial  Reishi. Suntory Holdings, (n=1), constipation (n=2),
n= Osaka, Japan), for 6 months. dyspepsia/heartburn (n=1)
G. lucidum spore powder  Stomach discomfort (n=4),
Wang Patients with  Retrospective (Beijing Great Wall nausea (n=6), vomiting (n=3),

Pharmaceutical Factory),  dizziness (n=3), dry mouth
1000 mg 3 times daily,  (n=3), diarrhea (n=2), epistaxis
for 8 weeks. (n=1), sore throat (n=2)
At lower dosage: diarrhea
G. lucidum capsule (including (n=2), flushing (n=1),
a hot water and alcohol extract), headache (n=1), upset stomach
was administered at 1600 mg (n=1), worsening fatigue (n=1),
(lower dosage) and 3200 mg  worsening GERD (n=1).
(higher dosage) per day At higher dosage: diarrhea
sequentially, each for a period (n=1), flushing (n=1),
of 30 days. migraine (n=1), upset stomach
(n=1), worsening GERD (n=1).

2018% epilepsy (n=18) study

Younger Men with Gulf War  Pre-post
2021% illness (n=29) clinical trial
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Table 4. Adverse Event Case Reports
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Case ID Formulation, dosage, and duration Adverse event Clinical course
On the 10th day of hospitalization,
Case 1% Pancytopenia (Hb 4.2 g/dL, WBC 300/uL, Hb 11.8 g/dL, WBC 3,400/uL, platelet

F/33 (Korea)

Wild G. lucidum decoction, for 1 year. platelet 3,000/uL, bone marrow celluarity 56,000/uL: on the 20th day, platelet

5%)

472,000/uL. 4 months later, bone marrow
biopsy showed normocellular marrow.

On the 10th day of hospitalization,

24
Case 2 . Pancytopenia (b 7.7 ¢/dL. WBC 600/ Hb 14.8 g./dL, WBC 3.100/uL, platelet
M/42, Casel's Wild G. lucidum decoction, for 1 year. platelet 6,000/uL., bone marrow celluarit; S7.000/uL: on the 20th day, WBC
husband : ' year. b L ¥ 3.900/4L. platelet 206.000/1L.1 months
10%) . .
(Korea) later, bone marrow biopsy showed mild
hypocellular marrow.
A decoction of wild G. lucidum obtained
from a herbal medicine store. On the Pancytopenia (On the 1st, Hb 6.9 g/dL.
) 1st event, 3 shots per day for 1 month WBC 800/uL. platelet 7,000/uL, decreased Pancytopenia improved in both
Case 3° beginning 6 months prior, and for 3 weeks bone marrow cellularity: on the 2nd, hospitalizations, leading to discharges

M/4 (Korea) restarting 2 months prior, using soju  hemoglobin 9.3 g/dL, WBC 1,100/uL., 20 and 15 days after the first and

glasses: on the 2nd event, again for a
period of 1 week, starting 4 months
after the first discharge.

platelet 84,000/uL, decreased bone
marrow cellularity)

second admissions, respectively.

Case 4%
F/43 (Korea)

A decoction prepared by boiling
several herbs, including yeongji which
was obtained from a herbal medicine
store, 1 ~2 L daily, for 4 months.

Pancytopenia (Hb 6.9 g/dL, WBC
1.100/uL, platelet 7,000/uL, bone marrow
celluarity 10%)

Upon discontinuing the herbal extract
intake and commencing conservative
management, the patient’s pancytopenia
spontaneously improved over approximately
3 weeks, and blood cell counts returned
to normal.

A decoction prepared by boiling

Upon discontinuing the herbal extract

(Case 5% . . ..° . Pancytopenia (Hb 88 g/dL, WBC 300/1L, and commencing conservative management,
s several herbs, including yeongji which . . \
M/21, case 4's son . - platelet 2,000/uL. bone marrow celluarity the patient’s pancytopenia spontaneously
(K was obtained from a herbal medicine - ., . .
orea) store. 1~2 L daily, for 4 months 10%) improved over approximately 5 weeks,
' ' ) and blood cell counts returned to normal.
Pancytopenia (Hb 12.2 g/dL, WBC .
7 There is no description of how the G. 190/uL, platelet 36,000/uL., bone marrow He was discharged after 5 weeks, a nd
Case 6 the laboratory values were normalized

M/66 (Korea)

lucidum was prepared for ingestion,
for 2 weeks

celluarity <5%): vesiculobullous skin
lesions over the entire palms and soles,
and anagen effluvium.

and the skin lesion completely recovered
at follow up.

Case 7 There is no description of how the G. Pancytopenia (Hb 88 g/dL, WBC 830/,

F/age unknown, . . . platelet 43,000/uL, bone marrow ) )
. lucidum was prepared for ingestion, . AR no information
case 6's wife dosage and duration were not recorded celluarity <5%) liver injury (AST 213
(Korea) 5 " U/L, ALT 312 U/L)
3 A decoction prepared by boiling several .

Case 8 herbs, including wild gathered G fucidum, pancytopenia (Hb 8 g/dL, WBC 280/uL, Expired 3 days after admission.

M/65, (Korea) ) platelet 1,000/uL)
over 500 cc once, 2 weeks prior
Case & A decoction prepared by boiling several pancytopenia (Hb 10.9 g/dL, WBC

M/33, case 8's son herbs, including wild gathered G fucidum, 940/uL., platelet 24,000/uL, bone marrow

(Korea)

about 500 cc once, 2 weeks prior

cellularity <5%)

Showed signs of improvement 3 weeks
after admission.

Case 10°

A decoction prepared by boiling several

pancytopenia (Hb 5.7 g/dL, WBC

F/63, case 8 wife herbs, including wild gathered G lucidum, 1,040/uL, platelet 7.000/uL. bone marrow

(Korea)

about 100~150 cc once, 4 weeks prior

cellualarity <5%)

Showed signs of improvement 2 weeks
after admission.

Case 11°

A decoction prepared by boiling several

pancytopenia (Hb 9.5 g/dL, WBC

M/31, case 8s son herbs, including wild gathered G lucidum, 3.900/uL. platelet 8,000/uL. Bone marrow

(Korea)

about 100 cc once, 4 weeks prior

celluarity <1%)

Showed signs of improvement 2 weeks
after admission.
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Case 127
M/9% (USA)

confusion: pancytopenia (Hb 10.0 g/dL.
WBC 3.500/uL. platelet 98,000/uL):
liver injury (AST 56 U/L, ALT 149 U/L)

A over-the-counter mushroom supplement
containing G. lucidum, for 3 weeks

Upon admission and discontinuation of
the supplements, mental status showed
slight improvement on day 5, and
laboratory improvement was noted on
day 7.

Case 13%
F/45 (Taiwan)

An unspecified herbal formula featuring Herb induced liver injury (AST 830 U/L.
wild yeongji and a blend of other ALT 726 U/L, total bilirubin 3.5 mg/dL,
medicinal herbs, for 18 days on hosital day 8)

The patient was discharged on hospital
day 11 with a stable condition. Liver
function fully recovered six weeks after
discharge.

Case 14%
F/48 (Taiwan)

Herb induced liver injury (AST 407 U/L.
ALT 610 U/L. total bilirubin 10.7 mg/dL,
on hosital day 4)

An unspecified herbal formula featuring
wild yeongji and a blend of other
medicinal herbs, for 18 days

The patient was discharged on hospital
day 10 with a stable condition. Liver
function fully recovered six weeks after
discharge.

Case 15%
F/78, Chinese
(Hong Kong)

Herb induced liver injury (AST 237 U/L,
ALT 306 U/L. total bilirubin 15.8 mg/dL,
ALP 338 U/L, hepatocanalicular cholestasis,
esoinophil infiltrations in the portal
tracts, macrovesicular fatty change in
biopsy.)

A powder form of G. lucidum, for 4
weeks before the onset of symptoms.
(Previously she took decoction of
Lingzhi for 1 year)

After discontinuation of G. lucidum,
all the liver biochemical values
gradually normalized 5 months later.

Case 16¥
F/47 (Thailand)

Lingzhi extract powder, 400 mg one
capsule per day, for 2 months before
the onset of the adverse event AST 280 U/L, ALT 276 U/L, total
(Previously she took decoction of bilirubin 40.4 mg/dL, ALP 132 U/L,
Lingzhi slices for several years without prothrombin time 55.3 sec INR 4.66)
any side effect.)

Herb induced liver injury (On admission,

She expired on day 6. Extensive zonal
(zone 3 extending zone2) necroses
affecting »70% of the parenchymal
cells in autopsy.

Herb induced liver injury (AST 113

31
Caﬁ%g A decoction of lingzhi slices. U/L. ALT 38 U/L, total bilirubin 165 . 00
(Vietnamese) for several weeks mg/dL, ALP 134 U/L, prothrombin P )
time 19.8 sec INR 1.8)
Herb induced liver injury with
(Case 18 A 400 mg tablet of reishi mushroom, hepatorenal syndrome (AST 74202 He discharged with clinical and laboratory

M/64 (Turkey)

U/L, ALT »4.113 U/L. prothrombin
time 35 sec INR 2.62, BUN 150
mg/dL.Cr 2.98 mg/dL)

twice a day for 1.5 months.

improvement on day 7.

Case 19%
F/67
(Latin America)

Herb induced liver injury (jaundice,
liver function deterioration,
encephalopathy, and coagulopathy)

A dry powder form of G. lucidum,
commercialized as “Gano Café”, daily
for 1 week.

Fulminant hepatic failure happened,
and liver transplant was done.

A herbal tea from the Philippines Herb induced liver injury (AST 1.463

Cessation of herbal tea consumption

Case 20 PR o was advised. Follow-up liver function
containing lingzhi and many other U/L, ALT 940 U/L, total bilirubin 1.9
F/a5 (USA) 5 redionts, for 1 week mg/dL. ALP 145 U/L) tests petformed three months later
indicated normalization of results.
Case 217 An unspecified herbal preparation
M/33 with After discontinuation of the herbal

non-small cell
lung cancer
(France)

containing G. lucidum and some other Herb induced liver injury (AST normal,
medicinal herbs. The daily dosage and ALT 15N, ALP 3N, Naranjo score 9)
duration were not clearly recorded.

preparation, Liver function tests
normalized rapidly.

Case 22%
M/19 (Malaysia)

Herb induced liver injury, cholestatic
type (AST 48-110 U/L, ALT 56-102
A powder form coffee product U/L, peak total bilirubin 31.8 mg/dL,
premixed with G. Jucidum, for 1 year. peak ALP 181 U/L, RUCAM score 8,
Zone 3 hepatocanalicular cholestasis in
biopsy).

After a 6-week hospitalization, the
patient was discharged, and their total
bilirubin levels and other laboratory
values gradually normalized.

Case 23"
M/61 (Japan)

Hypereosinophilia (14.210/uL), multiple
hepatic nodules formed by eosinophil
aggregation, and a slight liver enzyme
elevation.

A commercial herbal medicine of reishi
(G. lucidum). The daily dosage and
duration were not recorded.

After discontinuing G. lucidum, the
eosinophil counts and liver enzyme levels
rapidly resolved, and the nodules
disappeared completely.
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Withdrawing the herbal drug and using

Case 24% A herbal medicine (Ganoexcel-Ganoderma Peptic ulcer with melena conservative measures led to the patient’s

M/33 (Turkey) Lucidum-Reishi), for 3 weeks P complete recovery. He were discharged
in 2 days.
Case 25% G. Iucidum spore powder (Beijing . . . .
F/48 with Tongrentang pharmacy limited CA72-4 elevation (»300 U/mL, normal Fouowmg dlS?OHtlnuathH of the G.
. ; . - lucidum, CA72-4 level reached the normal

gastric cancer company), 900mg twice daily, for 103 range 0-7 U/mL) range by day 28

(China)  days (2010.12.13.~2011.03.26.) 8¢ by aay <.

Case 26% G. lucidum spore powder (Beijing Following discontinuation of the G.

Tongrentang pharmacy limited
company), 900mg twice daily, for 307
days (2009.12.02.~2010.12.28.)

F/70 with lung
cancer (China)

CAT72-4 elevation (189.7 U/ml)

lucidum, CA72-4 level reached the normal
range by day 28.

G. Iucidum spore powder (Shanghai
Lei Yun Shang pharmaceutical co.,
LTD.), 6 g twice daily, for 81 days
(2010.10.26. ~2011.01.15.)

Case 27%
F/72 with lung
cancer (China)

CAT72-4 elevation (237.5 U/mL)

Following discontinuation of the G.
lucidum, CA72-4 level reached the normal
range by day 28.

In the first event, CA72-4 levels

10
M /GEE;?chzggastric G. lucidum spore capsule, 6 capsules CA72-4 elevation (On the 1st event, nprmali'zed within tvyo months after
adenocarcinoma (1.8 g) a day,. for 1 month on two  126.3 U/mL: on the 2nd event, 435.78 discontinuing G. lucidum. In the .
(China) separate occasions U/mL. normal range 0-8.2 U/mL) second event, CA72-4 levels normalized
within one month after discontinuation.
Case 29"

M/77 with gastric G. lucidum spore, 1.8 g a day.
adenocarcinoma for 1 month

CAT72-4 elevation (99.23 U/mL)

A month after discontinuation of the
G. lucidum, CA72-4 normalized.

(China)

Case 30 The CA72*4 droppe{d the follqwing
F/61 with gastric month despite ongoing G. lucidum
adenocarcinoma G. Iucidum spore, for 1 month CA72-4 elevation (99.92 U/mL) admin'istratiion. Afterward, G. lucidum

(China) was discontinued, and CA72-4 levels

normalized rapidly.
10
M /SSi)iihSIgastric Two months after stopping the G.
adenocarcinoma G. Iucidum spore, for 1 month CAT72-4 elevation (562.30 U/mL) ludicum, CA72-4 levels showed a

(China) rapid decline, reaching 27.65 U/mL.

Case 32

F/59 with G. lucidum spore, 1.8 g a day. With cessation of G. lucidum, CA72-4

colorectal cancer for 1 month

CAT72-4 elevation (287.10 U/mL)

normalized within two month.

(China)
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