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Abstract

Objectives: Anthracyclines and taxanes are often used as first-line chemotherapy treatments in patients with breast
cancer. There are, however, significant toxicity and side effects associated with these therapies. Previous studies have
demonstrated that active hexose-correlated compound (AHCC) reduces such side effects. The present study explored
the beneficial effects of AHCC on adverse events in patients receiving adjuvant chemotherapy for breast cancer.
Subjects: Forty-one women who were treated with anthracyclines and taxanes at Nagumo Clinic in Tokyo from
October 2004 to March 2011 were selected for this study.
Outcome measures: We compared the occurrence of adverse events in patients who received AHCC with those
who did not receive AHCC. Using Fisher’s exact tests, we also compared the worst-grade adverse events in each
treatment cycle. Generalized estimating equations were employed to compare longitudinal changes, and the use
of granulocyte colony-stimulating factor, in the two groups was analyzed using Student’s t-test .
Results: We found that, compared to the control group, the AHCC group had significantly fewer neutrophilrelated events (odds ratio, 0.30; p = 0.016), significantly lower use of granulocyte colony-stimulating factor, and a
higher (although not significant) rate of adverse events associated with c-glutamyl transpeptidase.
Conclusions: AHCC has the potential to reduce the severity of neutropenia induced by breast cancer chemotherapy and the use of G-CSF during chemotherapy.

Active hexose-correlated compound (AHCC), which has
been used as a dietary supplement in various countries, is an
extract of Lentinula edodes, one of the basidiomycete family of
fungi. The main components of AHCC are a-glucans, which
are derived from the processed mushrooms. These glucans
are thought to provide a carbohydrate that stimulates immune response.8,9
Previous experiments using rodents have demonstrated
that AHCC reduces such chemotherapy side effects as bone
marrow suppression, hepatotoxicity, and nephrotoxicity.10–12
There have also been several studies with healthy adults that
have confirmed the clinical safety and tolerability of AHCC.
In these studies, only low incidences of mild and transient
side effects have been found.8,13 Matsui et al. have found

Introduction

A

mong women in Japan, breast cancer is the most common malignant tumor. While anthracyclines and taxanes
are used as first-line chemotherapy in the treatment of these
patients,1, 2 both are associated with significant toxicity and
side effects, including nausea, vomiting, hair loss, bone marrow suppression, hepatotoxicity, cardiac toxicity, peripheral
neuropathy, and lipid disorders. Although there are some
treatments for nausea and vomiting, 3–5 there are only a few
methods of preventing such side effects. Unfortunately, severe side effects may warrant discontinuation or delay of
chemotherapy. Moreover, these side effects may have adverse
effects on health-related quality of life (HRQOL).6, 7
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AHCC reduces the recurrence of hepatocellular carcinoma
and adverse events associated with chemotherapy in a human prospective cohort study.14 However, the mechanisms
of action of AHCC are still poorly understood, and conflicting
evidence suggests the need for further investigation.15
This study aimed to explore the beneficial effects of AHCC
on adverse events in female patients receiving adjuvant
chemotherapy for breast cancer.
Materials and Methods
Study design
We reviewed the medical records of women treated for
breast cancer at Nagumo Clinic in Tokyo from September
2004 to March 2011. From this review, we selected female
patients who fulfilled the following criteria: (1) were between
the ages of 20 and 64, (2) had pathologically proven breast
cancer, and (3) were receiving doxorubicin and cyclophosphamide (AC therapy), followed by taxane-based regimens.
From medical records and the clinic’s computer database
system, we collected the following baseline characteristics:
administration of AHCCs, age, body mass index (BMI), tumor size, clinical stage of TNM-UICC,16 estrogen status, and
progesterone receptor status.
AHCC treatment
Patients who had taken AHCC during chemotherapy
were analyzed as the AHCC group. Each patient in this
group had taken a total of 1.0 g of AHCC orally after each
meal. Patients who had not taken AHCC were analyzed as
the control group.
Basic treatment
All patients received AC therapy followed by one of four
taxane-based regimens: weekly paclitaxel (PTX) therapy,
weekly docetaxel (DTX) therapy, conventional PTX therapy,
and conventional DTX therapy. The AC therapy consisted of
doxorubicin (60 mg/m2 of body surface area, administered
intravenously) and cyclophosphamide (600 mg/m2 of body
surface area, administered by intravenous [IV] drip infusion), every 3 weeks for 4 cycles. For PTX therapy, paclitaxel
(80 mg/m2 administered by IV drip infusion for 1 h or more)
was given weekly for 12 weeks. For DTX therapy, 30 mg/m2
of docetaxel was administered in the same manner as the
weekly PTX therapy. Patients in the conventional PTX or
DTX groups received, every 3 weeks, for 4 doses, either
125 mg/m2 of PTX by IV drip infusion for 3 h or 100 mg/m2
of DTX by IV drip infusion for 1 h. Dexamethasone and 5HT3–receptor antagonists were administered to all patients
to prevent nausea and vomiting. Granulocyte colonystimulating factor (G-CSF) was administered if patients had
absolute neutrophil counts of < 1000/mm3 and fever, or if
they had an absolute neutrophil count of < 500/mm3.
Measurements and other observations
We measured aspartate aminotransferase (AST), alanine
aminotransferase (ALT), c-glutamyl transpeptidase (c-GTP),
total cholesterol (T-Chol), triglycerides (TG), white blood cell
(WBC) count, and neutrophil count during every course of
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chemotherapy. AST, ALT and c-GTP were employed as diagnostic markers for hepatotoxicity, T-Chol and TG for lipid
disorder, and WBC count and neutrophil count for bone
marrow suppression.
Using the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE),17 we then
evaluated adverse events according to AST increase, ALT
increase, GGT increase, TG increase, T-Chol increase, WBC
count decrease, and neutrophil count decrease. Under the
NCI-CTCAE standard, AST increase and ALT increase are
defined as: grade 1 ( > upper limit of normal [ULN]–
3.0 · ULN); grade 2 ( > 3.0–5.0 · ULN); grade 3 ( > 5.0–
20.0 · ULN); grade 4 ( > 20.0 · ULN). GGT increase is defined
as grade 1 ( > ULN–2.5 · ULN); grade 2 ( > 2.5–5.0 · ULN);
grade 3 ( > 5.0–20.0 · ULN); grade 4 ( > 20.0 · ULN). TG increase is defined as: grade 1 (150–300 mg/dl); grade 2 ( > 300–
500 mg/dl); grade 3 ( > 500–1000 mg/dl); grade 4
( > 1000 mg/dl); grade 5 (death). T-Chol increase is defined
as: grade 1 ( > ULN–300 mg/dl); grade 2 ( > 300– 400 mg/dl);
grade 3 ( > 400–500 mg/dl); grade 4 ( > 500 mg/dl). WBC
count decrease is defined as: grade 1 ( < lower limits of normal [LLN]–3000/mm3); grade 2 ( < 3000–2000/mm3); grade 3
( < 2000–1000 /mm3); grade 4 ( < 1000/mm3). Neutrophil
count decrease is defined as: grade 1 ( < LLN–1500/mm3);
grade 2 ( < 1500–000 /mm3); grade 3 ( < 1000–500/mm3);
grade 4 ( < 500 /mm3). We defined grade 2 or higher toxicities as clinically significant adverse events.
Generally, before the administration of chemotherapy
drugs, an adequate WBC count is required. To achieve this
count, G-CSF is widely used. Therefore, the CTCAE grade on
the day of chemotherapy administration may not reflect the
presence of leukocytopenia or neutropenia. To solve this
problem, we proposed that G-CSF usage act as a surrogate
marker of leukocytopenia and neutropenia. The use of GCSF during the course of weekly paclitaxel therapy was examined in both the AHCC group and the control group and
then compared.
Statistical analysis
The power-based sample size calculation was performed
using the results of the Spierings et al. clinical trial.8 Approximately 40 patients were necessary in order to detect a
40% difference in the recurrence of adverse events between
the AHCC group and the control group—that is, 15% in the
AHCC group and 55% in the control group—with a onesided significance level of 0.05 and 80% power.
For the measured parameters, we defined adverse events
of grade 2 or higher as clinically significant. We subsequently
compared the proportions of adverse events in the AHCC
group and the control group. For statistical analysis, we
defined the significance level as 95% and used Fisher’s exact
test to compare the worst-grade adverse events. Generalized
estimating equations (GEEs) were also used to analyze the
longitudinal changes in the occurrence of adverse events
(grades 2–4) between the AHCC group and the control
group. We applied logistic regression with adjustments for
age (below and above the age of 50) and BMI (below and
above a BMI of 25). Robust variances were used to account
for the correlation of outcomes for the same patient. We used
JMP, version 9 and R 2.10.1 (SAS Institute, Inc., Cary, NC),
for Fisher’s exact test and Student’s t-test. Sample size
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calculation and GEE analysis was performed using the SAS
software, version 9.3.
Ethical considerations
This study was performed in accordance with the Helsinki
Declaration.18 The study protocol was approved by the
ethical review board of Nagumo Clinic in Tokyo, which allowed us to analyze the data without obtaining patient
consent because the study involved no intervention and direct patient identifiers, such as name and medical record
number, were not collected from the computer database.
Results
Patient characteristics
We retrospectively analyzed 41 female patients, ages 31 to
61, who underwent adjuvant chemotherapy, including anthracyclines and taxanes, for breast cancer at the Nagumo
Clinic in Tokyo between October 2004 and March 2011. As
shown in Table 1, the patients’ characteristics in the AHCC
group and the control group were well balanced . The mean
age was 43.6 years (range, 33–52 years) in the AHCC group
and 45.1 years (range, 31–61 years) in the control group. The
mean tumor caliper measurement was 2.94 cm (range, 0.5–
8.5 cm) in the AHCC group and 2.86 cm (range, 0.3–10.0 cm)
in the control group. Most patients had stage I, IIA, or IIB
disease. More than 75% of the patients were estrogenreceptor positive. Of the 41 patients, 35 received weekly PTX
therapy, 4 received conventional PTX therapy, 1 received
weekly DTX therapy, and 1 received conventional DTX
therapy after AC therapy.
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test (Table 2). Although not statistically significant, patients
in the AHCC group had fewer adverse events associated
with TG than patients in the control group (5.5% in the
AHCC group and 34.6% in the control group, p = 0.054).
Patients in the AHCC group also had fewer adverse events
with T-Chol than patients in the control group (5.5% in the
AHCC group and 17.3% in the control group, p = 0.363), although this, too, was not statistically significant. The AHCC
group did have more adverse events associated with c-GTP
than the control group (28% in the AHCC group and 13% in
the control group, p = 0.267). Again, however, this was not
statistically significant.
Using the GEE method, we found that the AHCC group
experienced significantly fewer adverse neutrophil events
than the control group (odds ratio, 0.30; 95% confidence interval [CI], 0.1 –0.80; p = 0.016) (see Table 3). An analysis of
worst-grade adverse events showed that the AHCC group
had fewer events associated with TG (odds ratio, 0.23; 95%
CI, 0.03–1.86; p = 0.169) and T-Chol (odds ratio, 0.15; 95% CI,
0.02–1.25; p = 0.079), but more events associated with c-GTP
(odds ratio, 2.07; 95% CI, 0.31–14.06; p = 0.456), than the
control group, although these differences were not statistically significant.
Frequency of G-CSF usage
We calculated the number of G-CSF usages per taxane
infusion in the patients receiving weekly paclitaxel therapy.
According to Student’s t-test, the AHCC group had significantly lower usage of G-CSF per administration of taxane
therapy than did the control group (0.14 in the AHCC group
and 0.41 in the control group, p = 0.008) (see Fig. 1).

NCI-CTCAE grade
An analysis of comparisons of worst-grade adverse events
between the two groups was performed using Fisher’s exact
Table 1. Patient Characteristics
Characteristic

AHCCa
(n = 18)

Age
Mean
43.6
Range
33 – 52
Tumor size (cm)
Mean
2.94
Range
0.5 – 8.5
Clinical stage
I
3
II A
9
II B
4
III A
1
Unknown
1
Estrogen status
Positive
14
Negative
3
Unknown
1
Progesterone receptor status
Positive
13
Negative
4
Unknown
1
a

AHCC, active hexose-correlated compound.

Control
(n = 23)
45.1
31 – 61
2.86
0.3 – 10
6
8
7
2
0
18
5
0
17
6
0

Discussion
The present study explored the effects of AHCC on breast
cancer patients who were treated with adjuvant chemotherapy. Using GEE to analyze CTCAE-grade adverse events, we
found the AHCC group experienced significantly fewer adverse neutrophil events than the control group. Furthermore,
during weekly taxane therapy, a significantly lower usage of
G-CSF was observed in the AHCC group than in the control
group. These results are in agreement with those of Shigama
et al., who showed that AHCC improved bone marrow
suppression in mice treated with several anticancer drugs,
including adriamycin and cyclophosphamide.10 In an analysis of comparisons of worse-grade adverse neutrophil
events, however, we found no significant difference between
the AHCC group and the control group. One possible explanation is that GEE analysis uses data from individual,
repeated measures, and considers the longitudinal nature of
the data.
The mechanism by which AHCC improves bone marrow
suppression remains unclear. One previous study showed
that maitake b-glucans (MBG) promoted bone marrow cell
viability and protected the bone marrow stem cell colony
formation unit from adriamycin-induced hematopoietic
toxicity.19 It is speculated that the beneficial effects of
AHCC on bone marrow suppression may be mediated by a
mechanism similar to that of MBG, although the predominant component of AHCC is partially acetylated a-glucans,
and not b-glucans. Whatever the mechanism, these results
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1
1
0.267
0.054
0.363
1
1

Table 3. Comparisons of Occurrence
of Adverse Events During Chemotherapy
Odds ratioa (95% CI)
ASTb
ALTc
c-GTPd
TGe
T-Cholf
WBCg
Neutrophil

(5.5)
(22.2)

1.66
2.07
0.23
0.15
1.17
0.30

—
(0.19 –
(0.31 –
(0.03 –
(0.02 –
(0.47 –
(0.11 –

14.24)
14.06)
1.86)
1.25)
2.92)
0.80)

P-value
—
0.642
0.456
0.169
0.079
0.744
0.016

a

Odds ratio based on generalized estimating equations (GEE).
AST, aspartate aminotransferase.
c
ALT, alanine aminotransferase.
d
c-GTP, c-glutamyl transpeptidase.
e
TG, trigylcerides.
f
T-Chol, total cholesterol.
g
WBC, white blood cell.

(11.1)
(11.1)
(5.5)
(5.5)
(55.5)
(44.4)

3
—
—
3
—
—
1
4

b

2
—
2
2
1
1
10
8

suggest that AHCC has the potential to increase the neutrophil count during bone marrow suppression. Through
this beneficial effect, it may be possible to increase the intensity of chemotherapy and achieve a better clinical outcome.
We also found that the AHCC group had fewer adverse
events associated with TG and T-Chol, although this difference was not statistically significant. She-Fang Ye et al.
previously revealed that AHCC suppressed the increased
serum corticosterone level induced by oxidative stress.20 It
has been speculated that AHCC improves lipid abnormalities through modulation of the serum corticosterone level,
which is also affected by anticancer drugs.15 Although the

(13.0)
(25.0)
AHCC, active hexose-correlated compound.
P-values based on Fisher’s exact test.
c
AST, aspartate aminotransferase.
d
ALT, alanine aminotransferase.
e
GGT, c-glutamyl transpeptidase.
f
TG, triglycerides.
g
T-Chol, total cholesterol.
h
WBC, white blood cells.
b

a

Grade
ASTc increase
ALTd increase
GGTe increase
TGf increase
T-Cholg increase
WBCh decrease
Neutrophil decrease

0
10
6
15
7
7
5
2

(43.4)
(26.0)
(65.2)
(30.4)
(30.4)
(21.7)
(25.0)

1
12
15
5
8
12
5
0

(52.1)
(65.2)
(21.7)
(34.7)
(52.1)
(21.7)
(0.0)

2
1
1
1
6
4
10
4

(4.3)
(4.3)
(4.3)
(26.0)
(17.3)
(43.4)
(50.0)

3
—
1
2
2
—
3
2

(4.3)
(8.6)
(8.6)

4
—
—
—
—
—
—
—

5
—
—
—
—
—
—
—

0
9
8
8
5
6
2
2

(50)
(44.4)
(44.4)
(27.7)
(33.3)
(11.1)
(11.1)

1
9
8
5
12
11
5
3

(50.0)
(44.4)
(27.7)
(66.6)
(61.1)
(27.7)
(16.7)

AHCCa n(%)
Control n(%)

Table 2. Comparisons of Worst-Grade Adverse Events During Chemotherapy

(16.6)

4
—
—
—
—
—
—
1

(5.6)

5
—
—
—
—
—
—
—

P-valueb

4

FIG.1. The average number of G-CSF usages per administration of taxane infusion in patients receiving weekly paclitaxel therapy. AHCC, active hexose-correlated compound;
G-CSF, granulocyte colony-stimulating factor.
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true mechanism is still unclear, our data suggest that
AHCC might improve the lipid abnormalities seen in breast
cancer patients who are undergoing chemotherapy. Lipid
abnormalities during chemotherapy are thought to be induced by anticancer drugs and steroids, which are used as
antiemetic drugs. Steroids are widely used to treat chemotherapy-induced nausea and vomiting. Therefore, AHCC
may be effective for patients undergoing chemotherapy for
various cancers.
Previous studies have shown that AHCC improves ALT
abnormalities due to PTX, and AST and ALT abnormalities
due to 6-mercaptopurine + methotrexate, respectively, in
animals.10,12 Moreover, AHCC has been shown to improve
AST, c-GTP, and cholinesterase abnormalities in patients
with hepatocellular carcinoma after surgery.14 Our study did
not find any significant AHCC beneficial effect on liver
damage during chemotherapy. However, the AHCC group
in our study had fewer grade1 or higher ALT abnormalities
than the control group had (55.5% vs. 73.8%, p = 0.322). It is
possible that our small sample size prevented detection of
the beneficial effect of AHCC on liver function.
Although the difference was not statistically significant,
the AHCC group in our study did experience more adverse
events associated with c-GTP. In contrast, Matsui et al. found
that AHCC improved the c-GTP level in postsurgical patients with hepatocellular carcinoma.14 In our study, the
AHCC group had more patients with grade 2 or higher cGTP events at the beginning of chemotherapy than the
control group (10% vs. 4%). Further studies are needed to
fully examine whether AHCC has beneficial effects on cGTP.14
Our study results are valuable in clarifying the benefits of AHCC and determining an appropriate sample
size for prospective studies. Our sample size was small,
and the study was retrospective. Moreover, there was no
data on AHCC compliance. Therefore, it is possible that
the effect of AHCC was underestimated. Nevertheless,
our results show that AHCC has the potential to reduce
the adverse events associated with chemotherapy. At
present, there is no established prophylactic treatment
for hepatotoxicity, lipid disorder, and bone marrow
suppression. Our study raises the possibility that AHCC
may be a good candidate for such a purpose. Further
studies are needed to elucidate other beneficial effects.
Among other things, AHCC may improve HRQOL in
breast cancer patients through the reduction of adverse
events. Future studies will clarify the impact of AHCC
on HRQOL for these patients.
Conclusion
AHCC has the potential to improve neutropenia induced
by the use of chemotherapy in the treatment of breast cancer
and to reduce the use of G-CSF during such treatment. Although the AHCC group in our study experienced more
adverse events associated with c-GTP than the control group,
the overall data suggest that AHCC may reduce the toxicity
of chemotherapy and may then allow for intensification of
the chemotherapy dosage. A prospective trial is needed to
study the effects of AHCC further, particularly our finding of
a higher, although not significant, number of adverse events
associated with c-GTP in the AHCC group.
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