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Purpose: Anthracycline-based chemotherapies for breast cancer are well known to have adverse
effects and can also negatively affect host immune function. There is therefore a necessity for
an adjuvant that maintains the quality of life (QOL) and immune function of cancer patients
receiving anthracycline-based chemotherapies.

Patients and methods: The present study investigated the effectiveness of the concomi-
tant use of Lentinula edodes mycelia extract (LEM), an oral immunomodulator, with FEC75
(5-fluorouracil + epirubicin + cyclophosphamide) therapy on host QOL and immune function
in breast cancer patients with nodal metastases. Ten breast cancer patients with nodal metasta-
ses receiving surgery were enrolled in this study. Treatment with 5-fluorouracil (500 mg/m?),
epirubicin (75 mg/m?), and cyclophosphamide (500 mg/m?) was performed every 21 days for
two courses, and LEM (1800 mg/day by mouth) was administered during the second course.
Results: In the first course, hematological toxicity was observed and host QOL and immune
function were exacerbated. In the second course, however, the number of white blood cells and
lymphocytes did not decrease and host QOL was maintained. Furthermore, the cytotoxic activi-
ties of natural killer (NK) and lymphokine-activated killer cells and the proportion of activated
NK and NK T-cells in lymphocytes were maintained in the second course.

Conclusion: It has been suggested that the concomitant use of LEM with FEC75 therapy can
maintain host QOL and immune function, and offer important implications for an application
of LEM as a useful oral adjuvant to anthracycline-based chemotherapies.

Keywords: clinical study, breast cancer, anthracycline, Lentinula edodes, immunity, quality
of life

Introduction

In breast cancer patients with nodal metastases following radical surgery, anthracycline-
based chemotherapies are efficacious,'? and widely used, but are well known to have
adverse effects, including hematotoxicity, nausea and vomiting, and hair loss,** which
are potentially associated with an impaired quality of life (QOL).>¢ Furthermore, host
immune function of breast cancer patients receiving anticancer chemotherapy has been
reported to influence the relapse rate,” and anthracycline-based chemotherapies can
negatively affect immune function.® A widely applicable treatment that maintains the
host QOL and immune system of patients treated with anthracycline-based chemo-
therapies would therefore be of great benefit.
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Lentinula edodes mycelia extract (LEM) is a dried pow-
der of a hot water extract of the mycelia of L. edodes.’ Oral
administration of LEM has been shown to result in antitumor
and immunomodulatory actions both in vitro and in vivo.’ ¢
LEM administered orally to patients with gastrointestinal
cancers who were receiving chemotherapy was reported to
reduce the adverse effects of chemotherapy, improve QOL,
and enhance immunity.'>'® Moreover, a study of patients
receiving postoperative chemotherapy for breast cancer
indicated improvement in QOL after the use of LEM.'
Thus, LEM has the potential to be a useful oral adjuvant
for anthracycline-based chemotherapies. In the above men-
tioned studies, however, the baseline characteristics of the
patients were not uniform,'>!¢ so further investigation under
appropriately controlled conditions is essential to verify the
effectiveness of LEM in patients receiving anthracycline-
based chemotherapies. For this reason, we performed this
study to verify the effectiveness of oral LEM intake for the
QOL and immunity of patients receiving postoperative breast
cancer chemotherapy with the 5-fluorouracil + epirubicin +
cyclophosphamide (FEC75) regimen.

Patients and methods

Subjects comprised ten breast cancer patients positive for
lymph node metastasis who underwent surgical resection
in the Department of Surgery II at Yamaguchi University,
Ube City, Yamaguchi, Japan between 2003 and 2004.
All were women, aged between 37 years and 63 years
(mean, 53.0 years), and all had a performance status of 0.
Performance status was determined in conformity with the
Eastern Cooperative Oncology Group performance status
given in the Common Toxicity Criteria,'” Version 2.0. Tumor
stage was IIA in four patients, IIB in four patients, and IITA
in two patients. The trial protocol was approved by the insti-
tutional review board of Yamaguchi University Graduate
School of Medicine, and the trial was conducted based on the
ethical principles established in the Helsinki Agreement. All
subjects received full information on the aims and methods of
the trial before participation. Written consent for participation
in the trial was obtained from all subjects.

Drug

The LEM used was manufactured as previously reported,’
and supplied by Kobayashi Pharmaceutical Co, Ltd (Osaka,
Japan). In brief, L. edodes mycelia were first inoculated onto
solid medium consisting mainly of bagasse of sugar-cane and
defatted rice polishings, and cultured until the mycelia spread.
The culture was then extracted by hot water. The dissolved

component was dehydrated to obtain a dry powder. This dry
powder was used as the LEM in this trial.

Study design

This trial was an open-label trial with a single group. Subjects
were treated with two courses of FEC75 chemotherapy
(5-fluorouracil [5-FU], 500 mg/m?; cyclophosphamide,
500 mg/m?; epirubicin, 75 mg/m?) for 3 weeks as one course.
The first course comprised FEC75 chemotherapy alone,
whereas the second course used LEM in combination with
FEC. In the second course, subjects took 1800 mg/day of
LEM every day for the 3 weeks.

Measurement

In all tests, measurements were made five times: at week 0
(before administration of FEC in the first course); week 1
(after administration of FEC for 1 week in the first course);
week 3 (after administration of FEC for 3 weeks in the first
course and before administration of FEC in the second
course); week 4 (after administration of FEC for 1 week in
the second course); and week 6 (after administration of FEC
for 3 weeks in the second course). A survey of quality of life
(QOL) was measured by the QOL Questionnaire for Cancer
Patients Treated with Anticancer Drugs (QOL-ACD),"® and
was evaluated from scores on the questionnaire. Among
immune indices, immunosuppressive acidic protein in serum
was measured by using enzyme-linked immunosorbent
assay. The proportion of interleukin (IL)-4-positive and
interferon-y-positive cells among cluster of differentiation
(CD)4-positive lymphocytes and the proportion of perforin-
secreting cells among CD161- and CD8-positive lymphocytes
were measured with flow cytometry as peripheral blood
lymphocyte subsets. Anti-CD4 PC-5-labeled antibody, anti-
CD161 fluorescein isothiocyanate-labeled antibody, and anti-
CDS8 allophycocyanin-labeled antibody (BD Japan, Tokyo,
Japan) were used as cell surface antigen markers. In addition,
anti-IL-4 phycoerythrin-labeled antibody, anti-interferon-y
fluorescein isothiocyanate-labeled antibody, and antiperforin
phycoerythrin Cy5-labeled antibody (BD Japan) were used
as intracellular protein markers. The activity of natural killer
(NK) cells was measured using a 3'Cr-release assay. Periph-
eral blood mononuclear cells (PBMCs) were isolated by using
Ficoll solution® (GE Healthcare, Tokyo, Japan). The isolated
PBMCs were rinsed in RPMI1640 medium(Sigma-Aldrich,
Tokyo, Japan) containing 10% fetal bovine serum, adjusted
to 1 x 10° 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 in
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Notes: The measurement values were presented as mean + SE. Variation within each course was assayed by a Student’s paired t-test.

Abbreviations: LAK, lymphokine-activated killer; IL-2, interleukin 2; NK, natural killer; PHA, phytohemagglutinin; per, perforin; IAP, immunosuppressive acidic protein; w, week; SE, standard error; NS, not significant;

cpm, counts per minute.
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Figure 2 Immunological parameters.

Notes: The activity of NK-cells and LAK-cells was measured by usinga *'Cr-release assay.
Theproportionof CD3eCD | 6 | (NK) cellsand CD3"#CD | 6 | <™ perforinposiive
(activated NK) cells in lymph cells was measured with flow cytometry. The measurement
values were presented as mean + SE. The variation within each course was assayed by a
Student’s paired t-test. *P < 0.05; **P < 0.01.

Abbreviations: LAK, lymphokine-activated killer; NK, natural killer; SE, standard
error.

Follow-up at 5 years

Table 4 shows the status of patients at a 5-year follow-up.
All patients were treated with four more courses of FEC75
therapy regimen following the completion of the present
study. Of the ten patients, nine patients could be followed up
at 5 years. Of these, six patients were confirmed alive with
no relapses, and two patients were alive with relapses. One
patient was confirmed to have died of liver metastases.

Discussion

In breast cancer patients with positive nodes following radical
surgery, anthracycline-based chemotherapies such as FEC
therapy are widely performed.'? Such chemotherapies are
often given as outpatient treatment in 21-day cycles, but clini-
cally involve adverse effects such as hematotoxicity, nausea,
and vomiting, which can impose substantial burden on the
patients.>* Similarly, in the present study, hematotoxicity was
observed 1 week following the first course of chemotherapy
without LEM. Furthermore, 3 weeks after treatment, there

Table 4 Five-year follow-up

Recurrence-free 6
Recurrence 2
Death |
Lost to follow-up |
Five-year survival rate 88.9%
Recurrence-free survival rate 66.7%

Notes: The status of patients at a 5-year follow-up was shown. All patients were
treated with four courses of FEC (5-fluorouracil + epirubicin + cyclophosphamide)
therapy regimen following the completion of the present study.
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was insufficient recovery of lymphocytes and hemoglobin
values. On the other hand, 1 week following the second course
of chemotherapy with concomitant use of LEM, no decreases
were observed in white blood cells, neutrophils, or hemoglo-
bin; and subsequently all hematological parameters showed
recovery at 3 weeks following treatment. QOL, assessed by
the QOL-ACD questionnaire, showed decreases in the total
score and the subscale score for physical condition including
nausea and vomiting after the first course of chemotherapy
without LEM, but showed no decreases in these scores fol-
lowing the second course of chemotherapy with concomitant
use of LEM. These findings indicate that LEM can reduce the
averse effects of FEC75 therapy, including hematotoxicity
as well as nausea and vomiting, and help maintain the QOL
of the patients.

Host immune function of breast cancer patients taken with
anticancer chemotherapy can influence the relapse rate.” In
the present study, NK- and LAK-cell activity as well as the
percentages of NK-cells (CD3"#tCD1617*it) and activated
NK-cells (CD3metveCD161rsive perforinP*ie) decreased 1
week after the first course of FEC therapy without LEM, indi-
cating that FEC therapy leads to decreased cytotoxic activity
of lymphocytes. Conversely, no decreases were observed in
these parameters after the second course of FEC therapy with
concomitant use of LEM, and, in comparison with the first
course, NK T cells (CD3PiCD161P*"¢) were increased 1
week after the second course, thereby indicating that the oral
ingestion of LEM can reduce immune depression associated
with FEC75 therapy. Although the mechanism by which LEM
reduces immune depression by chemotherapy is not known,
LEM has been reported to mitigate regulatory T-cell (Treg)-
mediated immunosuppression in the tumor host.'*!* In cancer
patients, Treg was shown to release soluble IL-2 receptors
(sIL-2R)," which are involved in immunosuppression, par-
ticularly in decreasing NK cytotoxicity.?’ In addition, Archili
et al’! reported that FEC therapy increased the ratio of sIL-
2R/lymphocytes, suggesting that, in the present study, FEC
therapy might cause a decrease in the activity of NK-cells
by increasing the ratio of sIL-2R/lymphocytes. Subsequently,
LEM might decrease the ratio of sIL-2R/lymphocytes and
contribute to the conservation of NK-cell activity or other
immune functions during the second course of treatment.
The present study also demonstrated an increased percent-
age of CD8+ T-cells among other lymphocyte subsets at 3
weeks following the treatment of chemotherapy. It has been
reported that B-cells decrease to a greater extent than T-cells
in anthracycline-based chemotherapies,?? suggesting that, in
the present study, B-cells may have been largely decreased

whereas the percentage of CD8+ T-cells was relatively
increased.

Among nine subjects who could be followed in the pres-
ent study, the 5-year postoperative survival rate was 88.9%,
and the 5-year relapse-free survival rate was 66.7%. These
survival rates are comparable to the treatment effect for posi-
tive nodes after surgery for breast cancer of FEC100 therapy
(a regimen in which the dose of epirubicin is increased from
75 mg/m? to 100 mg/m? compared with FEC75; the regimen
consists of 5-FU [500 mg/m?], epirubicin [100 mg/m?*], and
cyclophosphamide [500 mg/m?]), and a higher effect may be
expected than with FEC75.2 However, because the period of
LEM intake was limited to 3 weeks in this study, the effect of
LEM on the 5-year relapse-free survival rate is unknown. To
verify the effect of LEM in FEC therapy on the 5-year relapse-
free survival rate, it will be necessary to conduct a large-scale,
controlled trial with longer-term LEM intake.

Although advances in chemotherapy are being made today
for many types of malignant disease other than breast cancer,
a therapeutic approach that also emphasizes maintenance of
patient QOL during the course of chemotherapy is generally
sought. In postoperative adjuvant chemotherapy especially, the
maintenance of QOL is a matter that should be given priority.
Attempts are being made to maintain QOL in various types
of cancer, including pancreatic cancer,” colon cancer,** and
lung cancer,” but as yet there is no reliable method. Further
investigation of the possibility that LEM is an adjuvant that will
improve QOL and immune function in postoperative adjuvant
chemotherapy for these cancers is therefore warranted.

In conclusion, FEC therapy in breast cancer patients with
lymph node metastases after surgery can exacerbate QOL and
immunity of the patients. Concomitant use of oral LEM is
expected to reduce FEC therapy-related impairment of QOL
and immune depression. LEM may therefore be a useful oral
adjuvant to anthracycline-based chemotherapies. In addition,
a larger-scale controlled study is required.
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