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Abstract. Anthracycline-based chemotherapies for breast 
cancer are known to adversely affect patients' quality of life 
(QOL) and immune function. For that reason, adjuvants that 
improve those impairments are required. A randomized 
double-blind study was conducted to evaluate the effective-
ness of Lentinula edodes mycelia extract (LEM), which is 
an oral biological response modifier (BRM) medicine for 
cancer patients as such an adjuvant. A total of 47 breast cancer 
patients who were scheduled to receive postoperative adjuvant 
anthracycline‑based chemotherapy, i.e., 5‑fluorouracil (5‑FU) 
+ cyclophosphamide + epirubicin (FEC regimen), 5-FU + 
cyclophosphamide + doxorubicin/pirarubicin (FAC regimen), 
cyclophosphamide + doxorubicin/pirarubicin (AC regimen) 
and cyclophosphamide + epirubicin (EC regimen), were entered 
in the study. The patients were randomly divided into either an 
LEM or a placebo tablet group; the tablets were orally ingested 
daily over 2 courses of each therapy. In the placebo group, the 
total scores for QOL were lower on day 8 of the second course 
of chemotherapy compared with the baseline scores, whereas 
in the LEM group the scores had not decreased. In the placebo 
group, the QOL functional well-being score was lower on day 
8 after both the first and second courses of chemotherapy 
compared with the baseline score, but it had not decreased 
in the LEM group. Evaluation of immunological parameters 

indicated that an increase in the proportion of regulatory T 
cells to peripheral blood CD4+ cells tended to be inhibited in 
the LEM group compared with the placebo group. Oral LEM 
that was coadministered with anthracycline-based chemother-
apies was useful for maintaining patients' QOL and immune 
function. Thus, LEM appears to be a useful oral adjuvant for 
patients receiving anthracycline-based chemotherapy.

Introduction

An increasing proportion of patients with early-stage breast 
cancer are treated with taxanes as postoperative adjuvant 
chemotherapy. Anthracycline-based chemotherapies are 
effective and are also widely used as the main adjuvant 
chemotherapies (1-3); however, those treatments are associated 
with well-known adverse reactions, such as hematotoxicity, 
nausea, vomiting and hair loss (4,5). The use of 5HT3 receptor 
antagonists allows some degree of control of the symptoms 
of late-onset nausea and vomiting (6-8). However, patients 
on anthracycline-based chemotherapy experience fatigue 
and a decrease in their activity and daily quality of life 
(QOL), and these problems may be difficult to control (9-11). 
Moreover, although the host immune function of breast cancer 
patients on chemotherapy affects the recurrence rate (12), 
anthracycline-based chemotherapy is reported to adversely 
affect immune function (13). Accordingly, there is a need for 
treatments that can maintain and/or improve the QOL and 
immune function of breast cancer patients receiving anthracy-
cline-based chemotherapy.

Lentinula edodes mycelia extract (LEM) is a dried powder 
of a hot water extract of the mycelia of Lentinula edodes (14). 
Oral LEM demonstrated in vivo activity in promoting anti-
tumor effect and improving host immune function (14-19). In 
gastrointestinal cancer patients undergoing chemotherapy, oral 
LEM exerted an inhibitory effect on the incidence of adverse 
events (AEs), such as chemotherapy-induced nausea, and 
also improved immune function, by increasing natural killer 
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(NK) cell activity, resulting in improvement of the patients' 
QOL (20,21). LEM also improved the QOL and immune 
function of breast cancer patients undergoing postoperative 
adjuvant hormone therapy (22).

The results of a study on breast cancer patients who 
were administered 5-fluorouracil (5-FU) at 500 mg/m2, 
cyclophosphamide at 500 mg/m2 and epirubicin at 75 mg/m2 
(FEC75 regimen) every 3 weeks as postoperative adjuvant 
chemotherapy were previously reported (23). In that study, 
oral LEM was co-administered during the second course 
of chemotherapy and the QOL and immune function of the 
second course were compared to those of the first course. The 
results demonstrated that the decrease in QOL as estimated 
by the QOL Questionnaire for Cancer Patients Treated with 
Anticancer Drugs (QOL-ACD) (24) and the decrease in NK 
cell activity caused by the FEC75 regimen were improved 
by the co-administration of LEM in the second course of the 
chemotherapy compared with the first course, demonstrating 
the usefulness of LEM. However, that study was a single-group 
open trial, and administration of LEM was limited to the 
3 weeks of the second course of chemotherapy. Due to that 
design, the possibility that the improvement seen during the 
second course was due to the patients becoming accustomed 
to the chemotherapy cannot be ruled out. Moreover, at the 
time of that study, the use of 5HT3 receptor antagonists for 
nausea and vomiting was not yet commonplace, and they were 
not used in the study. Therefore, it is not clear whether the 
improving effect of LEM on the QOL could also be achieved 
with the currently widely used 5HT3 receptor antagonists. 
For those reasons, the present placebo-controlled random-
ized double-blind study was designed and conducted to 
evaluate the effectiveness of LEM in improving the QOL 
and the immune function and controlling the AEs caused by 
postoperative adjuvant anthracycline-based chemotherapy 
administered to early-stage breast cancer patients who were 
also administered 5HT3 receptor antagonists as supportive 
therapy.

Patients and methods

Patients. In the present study, patients who met the following 
criteria were enrolled: The patients were female, aged 
≥20 years, were diagnosed with breast cancer, and were 
scheduled for anthracycline-based adjuvant chemotherapy as 
postoperative adjuvant therapy. The patients had maintained 
principal organ function for chemotherapy, with a performance 
status of 0 or 1, and had a life expectancy of >3 months. Patients 
who were pregnant, were at risk of becoming pregnant, were 
breastfeeding or had received prior treatment within 4 weeks 
of the entry to this study, were excepted. All the patients were 
fully informed on the aims and methods of the trial prior to 
participation and provided written consent for participation in 
the trial.

Drug. The LEM used was manufactured by Kobayashi 
Pharmaceutical Co. Ltd. (Osaka, Japan). The manufac-
turing process was as previously reported (14). Briefly, 
Lentinula edodes mycelia (strain NITE SD 0043, registered at 
the National Institute of Technology and Evaluation in Japan) 
were first inoculated onto solid medium consisting mainly of 

bagasse of sugarcane and defatted rice polishings, and cultured 
until the mycelia had spread. The culture was then extracted 
using hot water. The dissolved component was dried to obtain 
a dry powder. This dry powder was used as the LEM in the 
present trial. The LEM group patients were dispensed 230-mg 
test tablets that contained 150 mg of LEM, and were instructed 
to ingest 6 tablets in the morning and another 6 in the evening. 
The placebo group patients were dispensed 230-mg placebo 
tablets that contained caramel color, dextrin and maltitol, and 
were instructed to ingest 6 tablets in the morning and 6 in the 
evening. Both the test and the placebo tablets were manufac-
tured by Kobayashi Pharmaceutical Co. Ltd.

Study design. This was a placebo-controlled randomized 
double-blind study that evaluated the effectiveness of LEM 
during the first 2 courses of adjuvant anthracycline‑based 
chemotherapy administered as postoperative adjuvant 
therapy (UMIN000004614). The trial protocol was approved 
by the Institutional Review Boards of Yamaguchi University, 
Shimonoseki Medical Center and Kinki University, and 
the trial was conducted based on the ethical principles 
established in the Declaration of Helsinki. The patients 
were allocated to an LEM group or a placebo group by a 
block randomization method with central randomiza-
tion. The anthracycline-based chemotherapy included any 
of the following: 5-FU, 500 mg/m2; cyclophosphamide, 
500 mg/m2; and epirubicin, 100 mg/m2 (FEC100 regimen), 
cyclophosphamide, 600 mg/m2 and epirubicin, 90 mg/m2 (EC 
regimen), 5-FU, 500 mg/m2; cyclophosphamide, 500 mg/m2; 
and doxorubicin/pirarubicin, 50 mg/m2 (FAC regimen), or 
cyclophosphamide, 600 mg/m2; and doxorubicin/pirarubicin, 
60 mg/m2 (AC regimen). The inclusion/non-inclusion of 5-FU 
in the regimens was used as an allocation factor. For each 
of these regimens, 3 weeks comprised a single course and 
patients received the chemotherapies on day 1 in each course. 
During the first 2 courses, LEM (daily dose of 1,800 mg) or 
placebo tablets were ingested daily over the 3 weeks of both 
courses, for a total of 6 weeks.

Measurement. In all the tests, measurements were made at 
five different time points: On day 1 (prior to administration of 
chemotherapy), day 8 (after administration of chemotherapy 
for 1 week) and day 22 (after administration of chemotherapy 
for 3 weeks and prior to administration of chemotherapy in 
the second course) in the first course, and on day 8 (after 
administration of chemotherapy for 1 week) and day 22 (after 
administration of chemotherapy for 3 weeks) in the second 
course.

A survey of QOL was measured by the Functional Assessment 
of Cancer Therapy (FACT) for patients receiving Biological 
Response Modifiers (BRM), version 4 (FACIT.org) (25), 
and was evaluated from scores on the basis of the Scoring 
& Interpretation Materials of the questionnaire provided by 
FACIT.org. AEs were measured by the Common Terminology 
Criteria for Adverse Events (CTCAE) v.4.0-Japan Clinical 
Oncology Group edition (http://ctep.cancer.gov/protocol 
Development/electronic_applications/ctc.htm#ctc_40).

Among immune parameters, the Th1/Th2 balance was 
measured by flow cytometric analysis of the proportion of 
interleukin (IL)-4-positive and interferon (IFN)-γ-positive 
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cells among CD4-positive lymphocytes in the peripheral 
blood. Cell surface CD4 was detected with anti-CD4 
PC-5-labeled antibody (dilution, 1:20; catalog no. 566004, 
BD Japan, Tokyo, Japan). Intracellular IL-4 and IFN-γ were 
detected with anti-IL-4 phycoerythrin (PE)-labeled antibody 
(dilution, 1:20; catalog no. 340451) and anti-IFN-γ fluorescein 
isothiocyanate (FITC)-labeled antibodies (dilution, 1:20; 
catalog no. 340449, BD Japan), respectively. Regulatory T 
cells (Tregs) were measured by flow cytometric analysis 
of the proportion of forkhead box p3 (FoxP3)-positive cells 
among CD4-positive lymphocytes in the peripheral blood. 
Cell surface CD4 and CD25 were detected using anti-CD4 
FITC-labeled and anti-CD25 PE-Cy5.5-labeled (dilution, 
1:20; catalog no. 560503, BD Japan) antibodies, respectively. 
In addition, intracellular FoxP3 was detected using anti-FoxP3 
PE-labeled antibody (dilution, 1:20; catalog no. 560046, BD 
Japan).

NK cell activity was measured using a 51Cr release assay. 
Peripheral blood mononuclear cells (PBMCs) were isolated 
using Ficoll solution. The isolated PBMCs were rinsed in 
RPMI-1640 medium containing 10% fetal bovine serum 
(FBS), adjusted to 1x106 cells/ml, and used as effector cells. 
K562 cells (DS Pharma Biomedical Co. Ltd., Osaka, Japan), 
a human immortalized myelogenous leukemia cell line, were 
used for adjusting the concentration of the target cells. A total 
of 100 µCi of 51Cr were added to the K562 cells and the cells 
were then cultured for 1 h at 37˚C. After rinsing twice with 
phosphate-buffered saline, the cell number was adjusted to 
1x106 cells/ml in RPMI-1640 medium containing 10% FBS, 
and these cells were used as the target cells. A mixed culture 
of effector and target cells was performed for 3.5 h at an 
effector/target (E/T) ratio of 20, after which time 51Cr released 
from dead target cells was measured using a γ-scintillation 
counter. In the maximum dissociation control, 1 N-HCl was 
added in the place of effector cells, and 51Cr released from 
dead target cells was measured with a γ-scintillation counter. 
In the spontaneous dissociation control, RPMI-1640 medium 
containing 10% FBS was added in the place of effector cells. 
The activity of NK cells was calculated as follows: Volume of 
released 51Cr at the time of effector cell addition minus that 
in the spontaneous dissociation control/volume of released 
51Cr in the maximum dissociation control minus that in the 
spontaneous dissociation control.

Statistical analysis. Measurements are shown as means ± stan-
dard error. Variation within each group was assayed by the 
Kruskal-Wallis test with the Steel test for QOL scores, and 
by repeated one-way analysis of variance with Bonferroni's 
correction for immune parameters.

Results

Patients. Between 2011 and 2014, 47 female breast cancer 
patients with a performance status of 0 or 1 (determined 
according to the Eastern Cooperative Oncology Group 
performance status in the Common Toxicity Criteria, v.2.0 
(http://ctep.cancer.gov/protocolDevelopment/electronic_
app-lications/docs/ctcv20_4-30-992.pdf) were enrolled in 
the present study by the Department of Digestive Surgery 
and Surgical Oncology at Yamaguchi University, the 

Shimonoseki Medical Center of Japan Community Health 
Care Organization, and the Departments of Surgery and 
Medical Oncology at Kinki University Hospital, and sched-
uled to receive postoperative adjuvant anthracycline-based 
chemotherapy. The patients were allocated to the LEM group 
(n=23) or the placebo group (n=24) by a block randomization 
method. The patient background information is summarized 
in Table I. The age of the patients in the LEM group ranged 
from 31 to 85 years (median, 62 years) and, although none of 
the patients had distant metastasis, 12 were positive for lymph 
node metastasis. The age of the patients in the placebo group 
ranged from 42 to 77 years (median, 57.5 years) and, although 
none of the cases had distant metastasis, 8 patients were posi-
tive for lymph node metastasis.

QOL. Patients with missing QOL score data for ≥2 time 
points were excluded, leaving 22 patients in the LEM group 
and 21 patients in the placebo group for analysis of the QOL 
values. The changes in the QOL scores of FACT-BRM, 
FACT-general (G), physical well-being (PWB) and func-
tional well-being (FWB) during the study in graphic form 

Table I. Patient characteristics.

 LEM, n Placebo, n

Entry 23 24
Age, years
  Mean (range) 62.0 (31-85) 57.5 (42-77)
Tumor stage
  0  0  0
  1  6  9
  2 14 12
  3  3  3
  4  0  0
T stage
  Tis  0  0
  T0  2  0
  T1 10 10
  T2 10 12
  T3  1  0
  T4  0  0
  Unknown  0  2
N stage
  N0 11 16
  N1 10  5
  N2  2  2
  N3  0  1
Treatments
  FEC/FAC therapy 10 12
  AC/EC therapy 13 12

LEM, Lentinula edodes mycelia extract; FEC, 5-FU + cyclo-
phosphamide + epirubicin; FAC, 5-FU + cyclophosphamide + 
doxorubicin/pirarubicin; AC, cyclophosphamide + doxorubicin/pira-
rubicin; EC, cyclophosphamide + epirubicin; 5‑FU, 5‑ fluorouracil.
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are shown in Fig. 1. The numerical changes in all the QOL 
scores tested are shown in Table II. The FACT-BRM total 
score and the FACT‑G total score had significantly decreased 
from the baseline scores in the placebo group on day 8 of the 
second course of chemotherapy, whereas the scores had not 
decreased in the LEM group. The FACT-BRM Trial Outcome 
Index had decreased from the baseline score in the placebo 
group on day 8 of both the first and the second courses of 
chemotherapy, whereas in the LEM group the score was only 
decreased on day 8 of the second course of chemotherapy. 
In the subscales, the PWB score had significantly decreased 
from the baseline value in both groups on day 8 of both 
courses of chemotherapy. In the LEM group, the decreased 
PWB score on day 8 of the first course of chemotherapy 
had recovered on day 22 of that course, while the score in 
the placebo group had not recovered. The FWB score had 
significantly decreased from the baseline value in the placebo 
group on day 8 of both courses of chemotherapy, whereas the 
score did not decrease in the LEM group during either of the 
chemotherapy courses. The BRM physical subscale (BRMP) 
score had significantly decreased from the baseline value in 
the placebo group on day 8 of both courses of chemotherapy, 
while the score was not decreased on day 8 of the first course 
of chemotherapy in the LEM group. No significant changes 

were observed in any of the other subscale scores during 
either of the two chemotherapy courses.

Toxicity. No AEs due to LEM occurred during this study. 
Table III summarizes the grade ≥3 AEs (CTCAE v.4) that 
occurred due to anthracycline-based chemotherapy. Of these 
AEs, the following occurred in the LEM group: Anorexia 
(n=1), nausea (n=1), febrile neutropenia (n=1) and decrease in 
neutrophil/lymphocyte ratio (n=5). The AEs in the placebo 
group were as follows: Febrile neutropenia (n=2), decrease 
in neutrophil/lymphocyte ratio (n=4), hand-foot skin reaction 
(n=1) and erythroderma (n=1). No differences in AEs were 
observed between the two groups. However, the 2 placebo 
group patients with febrile neutropenia were unable to 
complete the second course of treatment and dropped out of 
the study. There were no dropouts in the LEM group.

Immune parameters. Patients with missing immune parameter 
data for ≥2 time points were excluded, leaving 23 patients in the 
LEM group and 19 patients in the placebo group for analysis 
of the immune parameters. The data regarding the changes 
in immune parameters during the study are summarized in 
Table IV. NK cell activity significantly decreased from the base-
line value in both groups on day 8 of both the first and second 

Figure 1. QOL scores over the course of the study. QOL was measured by the Functional Assessment of Cancer Therapy for patients receiving Biological 
Response Modifiers (FACT‑BRM) version 4, and was evaluated from scores on the questionnaire. The measurement values shown are means ± standard 
error. Variation within each group was assayed by the Kruskal‑Wallis test with the Steel test vs. day 1 of the first course. *P<0.05; **P<0.01. (A) Total scores, 
(B) FACT-G total scores, (C) PWB scores, (D) FWB scores. QOL, quality of life; LEM, Lentinula edodes mycelia extract; PWB, physical well-being; FWB, 
functional well-being; FACT-G, Functional Assessment of Cancer Therapy general scale.
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courses of chemotherapy. In the LEM group, NK cell activity 
also decreased on day 22 of the second course. The proportion of 
Tregs in the peripheral blood CD4+ cells (FoxP3+ CD25+/CD4+) 
was significantly decreased in the LEM group on day 8 of the 
first chemotherapy course. In the placebo group, that proportion 
was significantly increased from the baseline value on day 22 of 
both chemotherapy courses. Even in the LEM group, the propor-
tion was significantly increased from the baseline value on day 
22 of the second chemotherapy course, but the degree of that 
increase tended to be lower compared with that in the placebo 
group (Fig. 2). The Th1/Th2 balance exhibited no significant 
changes in either the LEM or the placebo group.

Discussion

Anthracycline-based chemotherapies are effective and are 
widely used as the main postoperative adjuvant chemo-
therapy for patients with early-stage breast cancer (1-3). 
However, those treatments are accompanied by a high inci-
dence of nausea and vomiting (4,5), severely compromising 
the patients' QOL. The use of 5HT3 receptor antagonists has 
become commonplace in recent years, enabling a certain 
level of control of these symptoms. However, fatigue and 
decreased physical QOL remain challenging issues in breast 
cancer patients receiving postoperative adjuvant chemo-
therapy, and methods for alleviating these symptoms are 
needed (9). In our earlier single-group open study, in which 
LEM was coadministered to breast cancer patients who were 
treated with the FEC75 regimen, the QOL-ACD (24) was 
used to evaluate the effect of LEM on the patients' QOL. The 
results indicated that coadministration of LEM was effective 
in improving the patients' physical scale in response to the 
FEC75 regimen. LEM is a BRM agent; thus, in the present 
study, the QOL was evaluated using the FACT-BRM (25), 
which was developed for assessing the effects of BRM on the 
QOL of cancer patients.

The FACT‑BRM total score was significantly decreased 
from the baseline score in the placebo group on day 8 of the 
second course of chemotherapy, whereas in the LEM group 

Table II. Effect of LEM vs. placebo on QOL scores during the study course.

 First course Second course
 --------------------------------------------------------------------------- -----------------------------------------------
Scores Groups Subject no. Day 1 Day 8 Day 22 Day 8 Day 22

FACT-BRM total score LEM 21 119.5±5.1  107.0±4.9  112.9±5.5 103.9±5.7 112.6±4.6 
 Placebo 21 116.2±4.1  100.5±5.9  110.4±5.6  96.2±5.4a 107.4±5.9
FACT-G total score LEM 21 80.4±3.6  71.6±3.4  75.6±3.8  69.4±4.1 74.7±3.2
 Placebo 21 77.4±3.5  66.6±4.2  73.0±4.0  63.2±3.7a 71.1±4.2
FACT-BRM TOI LEM 21 81.4±3.7  69.4±3.9  75.9±4.0  67.7±4.1a 76.0±3.5
 Placebo 21 81.6±2.4  65.1±4.3b 74.8±3.8  61.8±3.8b 72.1±4.3
PWB LEM 22 23.9 ±0.8  18.6±1.3b 21.8±1.1 17.6±1.4b 20.5±1.0a

 Placebo 21 24.1±0.9  17.0±1.7b 20.7±1.2a 15.7±1.3b 20.0±1.3a

SWB LEM 21 20.8±1.1 20.6±1.3 20.5±1.3 20.1±1.3 19.6±1.3
 Placebo 21 19.4±1.6  20.2±1.5  19.0±1.7 19.6±1.5 19.0±1.6
EWB LEM 22 17.3±1.0 17.0±1.1 16.5±1.2 16.1±1.4 16.9±1.1
 Placebo 21 15.3±1.1 15.2±1.2 16.6±0.9 14.8±1.1 16.3±1.0
FWB LEM 22 18.5±1.7 15.4±1.5  16.8±1.4 15.6±1.4 17.7±1.4
 Placebo 21 18.6±1.4  14.2±1.7a 16.7±1.4 13.1±1.1b 15.8±1.6
BRMP LEM 21 22.5±1.0 20.4±0.7 20.8±0.9 18.7±1.1a 20.8±0.8
 Placebo 21 22.1±1.0 19.3±1.0a 21.5±0.8 18.8±1.0a 20.9±1.1
 BRMCE LEM 21 16.6±1.1 15.0±1.2 16.5±1.3 15.8±1.0 17.1±1.0
 Placebo 21 16.7±1.0  14.6±1.2 15.9±1.2  14.2±1.3 15.4±1.2

Measurement values are shown as mean ± standard error. Variation within each group was assayed by the Kruskal-Wallis test with the Steel 
test vs. day 1 of the first course. aP<0.05; bP<0.01. LEM, Lentinula edodes mycelia extract; QOL, quality of life; FACT, Functional Assessment 
of Cancer Therapy; G, general scale; TOI, Trial Outcome Index; PWB, physical well-being; SWB, social/family well-being; EWB, emotional 
well-being; FWB, functional well-being; BRMP, BRM physical subscale; BRMCE, BRM cognitive/emotional subscale; BRM, biological 
response modifier.

Table III. Adverse events with LEM vs. placebo treatment.

Adverse events, n LEM Placebo

Anorexia 1 0
Nausea  1 0
Febrile neutropenia 1 2
Neutrophil/lymphocyte decrease 5 4
Hand-foot skin reaction 0 1
Erythroderma 0 1

LEM, Lentinula edodes mycelia extract.
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this score was not decreased. The placebo group also exhibited 
significantly reduced scores for the PWB, BRMP and FWB 
subscales on day 8 of both the first and second courses of 
chemotherapy in comparison with the baseline scores, and 
the PWB had not recovered to the baseline score on day 22 
of both courses. The PWB questions include one regarding 
nausea and vomiting. In the present study, only 1 patient expe-
rienced grade ≥3 severe nausea and vomiting, and the nausea 
and vomiting were controlled to a certain extent by the use 
of 5HT3 receptor antagonists. However, the PWB scores had 
not recovered in either course on day 22 in the placebo group, 
suggesting that the patients' physical QOL must be improved. 
In the LEM group, the PWB scores were decreased on day 8 
of both chemotherapy courses compared with their baseline 
scores, as well as compared with the placebo group, but they 
had recovered by day 22 of the first course. Furthermore, unlike 

in the placebo group, the BRMP score, which includes ques-
tions regarding fatigue, was not decreased on day 8 of the first 
chemotherapy course in the LEM group. Moreover, the FWB 
score was not decreased in the LEM group. These results indi-
cate that coadministration of LEM with anthracycline-based 
chemotherapies was effective in alleviating decreases in the 
QOL, particularly regarding the patients' physical condition 
and functional activity.

An attempt to ameliorate the chemotherapy-induced 
fatigue and decrease in the physical QOL in breast cancer 
patients by means of resistance exercise was reported (26), but 
no reliable protocols have been established to date. LEM was 
also reported to improve the QOL in breast cancer patients 
who receive postoperative hormone therapy (22). Combined 
with the results of the present study, these data suggest that 
coadministration of LEM may be a useful method for better 
preserving the QOL of postoperative breast cancer patients 
undergoing a broad range of drug therapies.

The host immune function of breast cancer patients was 
reported to affect the prognosis of such patients receiving anti-
cancer chemotherapy (27). The present study investigated the 
mechanism through which anthracycline-based chemothera-
pies affect NK cell activity, Tregs and the Th1/Th2 balance, 
and evaluated the effect of coadministered LEM on these 
immune parameters (Table IV). In our earlier single-group 
open study on postoperative breast cancer patients who were 
treated with the FEC75 regimen, NK cell activity was found 
to be decreased after 1 week of chemotherapy, but coadmin-
istration of LEM inhibited that decrease. However, in the 
present study, NK cell activity was significantly reduced on 
day 8 of both the first and second chemotherapy courses in 
both the placebo and the LEM groups, and we were unable 
to demonstrate that coadministration of LEM prevented that 
decrease. Further investigation into the effect of coadministra-
tion of LEM on NK cell activity is required. In the present 
study, no significant change was observed in the Th1/Th2 
balance in either of the two groups, which is in agreement 
with the results of our earlier study. Th1/Th2 balance analysis 
is a T-cell subset analysis that evaluates the proportion of 
IFN-γ-producing and IL-4-producing cells among CD4+ 
lymphocytes. In recent years, it has become widely recognized 

Figure 2. Regulatory T cells (Tregs) in CD4-positive cells in periph-
eral blood over the course of the study. The proportion of CD25-positive 
FoxP3‑positive cells in CD4‑positive cells was measured using flow cytom-
etry. The figure shows the change in the value from the baseline (first course, 
day 1, prior to drug administration). The measurement values are shown as 
means ± standard error. Black bars, LEM group; white bars, placebo group. 
Variation within each group was assayed by repeated one-way analysis of 
variance with Bonferroni's correction vs. day 1 of the first course. *P<0.05; 
**P<0.01. Variation between the two groups was assayed by an unpaired t-test. 
LEM, Lentinula edodes mycelia extract; FoxP3, forkhead box p3.

Table IV. Effect of LEM vs. placebo on immunological parameters during the study course.

 First course Second course
 ------------------------------------------------------------------- ------------------------------------------
Parameters Groups Subject no. Day 1 Day 8 Day 22 Day 8 Day 22

NK cell activity (%) LEM 23 32.5±3.7  19.1±2.9b 23.4±2.4b 13.6±1.7b 25.2±2.7a

 Placebo 19 27.4±3.1  16.2±1.9b 20.4±1.8 10.8±2.2b 23.2±2.9
Treg (Foxp3+ CD25+/CD4+ LEM 23 6.2±0.3 5.2±0.3a 6.6±0.4 5.5±0.2 7.3±0.4b

cells) (%) Placebo 19 5.8±0.3 5.1±0.3 6.6±0.4a 5.6±0.4 7.6±0.4b

Th1/Th2 balance (IFN-γ+/IL-4+ LEM 23 10.1±1.5  8.7±1.3 9.2±1.1 7.7±0.9 8.1±1.0
in CD4+ cells) Placebo 19 10.3±1.4  9.5±1.2 10.1±1.1 8.7±1.1 10.5±1.3

Measurement values are shown as means ± standard error. Variation within each group was assayed by repeated one-way analysis of variance 
with Bonferroni's correction vs. day 1 of the first course. aP<0.05; bP<0.01. LEM, Lentinula edodes mycelia extract; NK, natural killer; Treg, 
regulatory T cells; IFN, interferon; IL, interleukin.
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that, for induction of anticancer immunity, the proportion of 
Tregs (FoxP3+/CD25+ cells) in CD4+ lymphocytes provides a 
more important index of the tumor immune status compared 
with the Th1/Th2 balance. That is, an increase in Tregs in the 
tumor-bearing state is known to result in a decrease in tumor 
immune function (28-30). In the present study, the proportion 
of Tregs was significantly increased over the baseline value 
in the placebo group on day 22 of both the first and second 
chemotherapy courses, while the lymphocyte count was found 
to be decreased on day 8 of both courses. Therefore, it may 
be surmised that the lymphocyte count decreased transiently 
due to the anthracycline-based chemotherapy, and then, during 
the ensuing recovery process, the immunosuppressive Tregs 
recovered earlier among the subsets of CD4+ cells. On the 
other hand, in the LEM group, the Treg proportion on day 
8 of course 1 was significantly reduced compared with the 
baseline value, and this reduction was maintained on day 
22 of course 1. In addition, on day 22 of course 2, as in the 
placebo group, the Treg proportion increased significantly 
compared with the baseline value, but the degree of that 
increase tended to be lower compared with the placebo group. 
In vivo, LEM mitigated the immunosuppression mediated by 
the tumor-bearing host's Tregs and induced antitumor immu-
nity (18,19). Moreover, in a study on patients receiving cancer 
immune-cell therapy, the increase in Tregs accompanying 
cancer progression was reported to be improved (31). It is 
known that certain chemotherapies may reduce Tregs (32), and 
low-dose cyclophosphamide, which is a drug used in anthra-
cycline-based regimens, is known to somewhat selectively 
reduce Tregs (33,34). In the present study, the dose of cyclo-
phosphamide was not as low as in the former reports (33,34), 
and it is perhaps for that reason that the total lymphocyte count 
appeared to be decreased non-selectively in both groups. In 
the LEM group, the data suggested that LEM may promote 
the reduction of Tregs on day 8 of course 1 and inhibit the 
increase in Tregs on day 22 of course 2 after the recovery 
process. With regard to the association between the prognosis 
of breast cancer patients and Tregs, a number of reports have 
verified the association between Tregs in the tumor‑infiltrating 
lymphocyte population and prognosis. However, the associa-
tion of Tregs with prognosis remains controversial, possibly 
due to variations in the tumor microenvironment (33,35,36). 
With regard to the Treg proportion among CD4+ cells in 
the peripheral blood of breast cancer patients administered 
postoperative adjuvant therapy who were evaluated in this 
study, it was reported that this proportion decreases tempo-
rarily after surgery, and then rebounds after postoperative 
adjuvant chemotherapy (37). It may be hypothesized that, in 
breast cancer patients, suppression of immune function occurs 
following postoperative adjuvant therapy, similar to that occur-
ring under tumor-bearing conditions. Based on the results of 
the present study, indicating that coadministration of LEM has 
the potential to improve the suppression of immune function 
that occurs following adjuvant chemotherapy, more detailed 
studies on this subject are anticipated in the future.

In conclusion, postoperative breast cancer patients who 
receive anthracycline-based chemotherapy experience 
decreased QOL and immune function. However, coadminis-
tration of LEM may ameliorate those decreases in QOL and 
immune function. Accordingly, oral LEM may prove to be 

a useful supportive care option for such postoperative breast 
cancer patients.
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