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Prognostic Improvement of Patients
with Advanced Liver Cancer after
Active Hexose Correlated Compound
(AHCC) Treatment

Suwanna Cowawintaweewat', Suphon Manoromana?®, Hutcha Sriplung®, Thiravud Khuhaprema?,
Pongsri Tongtawe®, Pramuan Tapchaisri* and Wanpen Chaicumpa®

SUMMARY Most patients with liver cancer are diagnosed when they are not suitable for resection. Although
some palliative approaches can be applied to these patients, the overall survival rate remains unsatisfactory. Active
hexose correlated compound (AHCC), a newly developed functional food, has been shown to act as a potent bio-
logical response modifier in in vitro experiments. Recently, AHCC was found to improve the prognosis of hepatocel-
lular carcinoma patients following surgical treatment. We investigated whether AHCC could prolong survival and
improve the prognosis of patients with advanced liver cancer. A prospective cohort study was performed with 44
patients with histologically confirmed liver cancer. All of the patients underwent supportive care. Survival time, qual-
ity of life, clinical and immunological parameters related to liver function, cellular immunity, and patient status were
determined. Of the 44 patients, 34 and 10 received AHCC and placebo (control) orally, respectively. Patients in the
AHCC treated-group had a significantly prolonged survival when compared to the control group by Mann-Whitney
test (95% CI, p = 0.000). Quality of life in terms of mental stability, general physical health status, and ability to
have normal activities were significantly improved after 3 months of AHCC treatment when tested using the Wil-
coxon signed-rank test (on one-sided test, p = 0.028, 0.037, and 0.040, respectively). The apparent different clinical
parameters between the two groups were the levels of albumin and percentage of lymphocytes with p-values of
0.000 and 0.026 at 1 and 2 months after treatment, respectively. Unlike the control patients, AHCC treated-patients
with longer survival time had the tendency of better outcomes since the levels of AST and ALT had not increased
rapidly from their baselines at follow-up. In addition, the levels of total IL-12 and neopterin were slightly increased in
AHCC treated-patients. This study suggests that AHCC intake could prolong the survival and improve the progno-
sis of patients with advanced liver cancer and delay the gradual decline of their physiological status.

Liver cancer is the sixth most common can-
cer worldwide with widely varying incidences over
different geographical areas. It is the third most
common cause of cancer mortality.® Survival rates
of primary liver cancer are uniformly poor in both
high-rate and low-rate areas. The comparable mor-
tality rates indicate very little difference in survival
in the contrasting areas.* There are two main his-
tologic types of primary liver cancer: hepatocellular
carcinoma (HCC), a frequently occurring tumor ac-

counting for 75-90% of liver cancers® and cholan-
giocarcinoma (CCA), a less common type, compris-
ing 10-25% of all liver cancers, except for some re-
gions which include areas endemic for liver flukes,
e.g. Thailand.**®
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Most patients with liver cancer are diag-
nosed at a late or advanced stage.”® A significant
proportion of patients is not offered any other ther-
apy than the best supportive care. Moreover, many
others are given treatments that cannot be considered
more than suboptimal since they barely improve sur-
vival.”® There have been many attempts to treat the
cancer. One of these approaches aims to stimulate
the patient’s immune system by using biological re-
sponse modifiers (BRMSs).'*** Several investigators
have isolated and purified immunomodulatory poly-
saccharides as BRMs from mushrooms because of
their attraction as food and as source material for the
development of drugs.** Recently, lentinan, schizo-
phyllan and krestin have been accepted as immuno-
ceuticals in several oriental countries.”*®

Active hexose correlated compound (AHCC)
is a functional food developed by the Amino Up
Chemical Co. Ltd (Sapporo, Japan) in 1989.101>
AHCC is an extract of Basidiomycotina, which is ob-
tained through the hybridization of several types of
mushrooms.”” Up to 74% of AHCC components are
oligosaccharides. Nearly 20% of the oligosaccha-
rides have acetylated o-1,4-glucan structures and
some esterized hydroxyl groups with a low molecu-
lar weight of approximately 5,000, which is orally
bioavailable. AHCC also contains other polysaccha-
rides including B-glucans. Both a- and B-glucans are
thought to be responsible for the biological activi-
ties.’*'"® A wide range of biological, pharmacologi-
cal and clinical potentials of AHCC has been inves-
tigated so far. As an immunoceutical included in the
general category of nutraceuticals or dietary supple-
ments, AHCC is well tolerated and largely free of
adverse effects."®** AHCC has been reported to sup-
press thymic apoptosis induced by dexamethasone,*
and to decrease ferric nitrilotriacetate (Fe-NTA)-
mediated excretion of 8-hydroxy-2'-deoxyguanoside
(8-OHdG) in rat urine.? AHCC is considered as a
potent BRM that enhances NK cell activity,” as well
as the immune responses in cancer patients, i.e., en-
hancement of IL-12 and IFNy production, including
enhancement of NK activity to normal levels.®
More recently, AHCC treatment after surgical opera-
tion has been shown to improve the quality of life
(QOL) and prognosis of patients with hepatocellular
carcinoma.’’ AHCC can act as a potent antioxidant
which protects against disorders induced by oxida-
tive stress.’® These results suggest that AHCC acts
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as a promising BRM, antioxidant, antimutagenic
and/or anticarcinogenic agent. However, the precise
mechanisms by which AHCC exerts its beneficial ef-
fects remain to be elucidated.

This study was initiated to evaluate the ef-
fects of AHCC, as an orally administered BRM, on
the prognosis of patients with advanced liver cancer
focusing on the time course effects of AHCC on cell-
mediated immunity in terms of Th-1 cytokine pro-
duction compared to other relevant clinical parame-
ters.

MATERIALS AND METHODS
Patients and follow-up

To determine whether AHCC can improve
the prognosis of patients with advanced liver cancer
by oral administration, a prospective cohort study
was performed. Forty-four patients with advanced
liver cancer who registered at the National Cancer
Institute, Bangkok, Thailand, from August 2002 to
July 2004, were included in the study by the follow-
ing criteria: (1) histologically proven advanced liver
cancer, (2) the tumor was unresectable and unsuit-
able for chemoembolization, (3) the performance
status grade following ECOG was not more than 2,
(4) no brain metastases nor psychiatric illness, (5)
the hemato-, hepato-, and renal functions were still
adequate, and (6) there was at least a one-month
treatment-free period after previous conventional
therapy. Thirty four and 10 patients were randomized
into AHCC-treated and placebo (control) groups, re-
spectively. All enrolled patients received supportive
treatment and signed an informed consent. The pa-
tients were trusted with the self-administration of
AHCC or placebo by ingesting 6 grams daily until
the end of their life.

Clinical parameters were examined monthly or
as specified to evaluate the patients’ status and to
compare between the AHCC treated- and control
groups. The clinical parameters included: (1) quality
of life (QOL), (2) hematological parameters in
EDTA blood: hemoglobin, lymphocyte and white
blood cell counts, and platelet counts, (3) biochemi-
cal parameters in serum: albumin, bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase
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(ALT), and alkaline phosphatase (ALP), and (4) im-
munological parameters in citrated plasma: Th-1 cy-
tokines, i.e., gamma-interferon (IFNy) and inter-
leukin-12 (IL-12), and a marker of macrophage acti-
vation, neopterin. Magnetic resonance imaging
(MRI) was also performed on patients who survived
for more than one year.

The study protocol conformed to ethical
guidelines and was approved by the Scientific Com-
mittee of the National Cancer Institute and the Min-
istry of Public Health, Thailand.

Measurement of clinical parameters in blood
samples

All hematological and biochemical parame-
ters in the study were analyzed on the CELLDYN
3500 automated analyzer (ABBOTT laboratories, IL,
USA) and on the Hitachi 917 automated analyzer
(Roche Diagnostics Gmbh, Mannheim, Germany),
respectively. IFNy and total IL-12 were measured
using ELISA kits from Pierce Biotechnology, IL,
USA. Neopterin was analysed using the Neopterin
ELISA kit (IBL, Harnburg, Germany). The absorb-
ances of ELISA products were read on the BEP Il
(Dade Boehring, USA).

Measurement of QOL

Quality of life was evaluated using a QOL
questionnaire containing 28 items with 5 rating an-
swer choices to investigate the patients’ appraisals of
their current levels of functioning and satisfaction.
Patients were invited to attend an interview session
of the researcher explaining the purpose of the sur-
vey, encouraged to ask questions in order to aid their
understanding, and were then asked to complete all
questions on their own. The appraisals were per-
formed before and after 3 months of treatment.

Statistical analysis

In order to evaluate the homogeneity of the
AHCC treatment versus the control group with re-
spect to pretreatment clinical factors, data were ana-
lyzed using the chi-square or Mann-Whitney test to
compare differences between the two groups. The
primary hypothesis of improved survival time in pa-
tients with advanced liver cancer after treatment was

tested with the Kaplan-Meier survival curve. The
ninety-five percent confidence intervals were calcu-
lated by Mann-Whitney test for the absolute differ-
ence in median survival time between AHCC
treated- and control groups. Differences in the clini-
cal parameters during follow-up between the two
groups and at different time points were statistically
tested with the Mann-Whitney test. The QOL ques-
tionnaire was extracted by the factor analysis method
and statistically tested for sufficiency with the chi-
square test. The differences of medians of the scores
for the extracted factors between before and after
AHCC treatment were analyzed by paired Wilcoxon
signed-rank test. A value of p < 0.05 was considered
statistically significant.

RESULTS

Oral AHCC showed no side effects since
none of the patients in the AHCC group refused to
continue the use of AHCC during the study. The
clinical background of the patients in the AHCC
treated- and control groups is shown in Table 1. The
homogeneity of genders and types of liver cancer
(HCC/CCA) between the two groups were tested us-
ing the chi-square test with p values of 0.561 and
0.826, respectively. Before treatment, there were no
significant differences in the clinical background be-
tween the two groups confirmed by Mann-Whitney
statistics except for total bilirubin of which the me-
dian level in the control group was significantly
higher than in the AHCC group. However, the levels
of alkaline phosphatase in both groups were similar
as well as the raised bilirubin in both conjugated-
and unconjugated-forms.

Overall survival

All patients with advanced liver cancer in
the AHCC group were still alive by 1.5 months,
whereas 5 (50%) patients in the control group had
died. The follow-up period ranged from 1.5 to more
than 24 months in the AHCC group, and from 0.5 to
3.5 months in the control group. In the AHCC
treated-group, the interquartile interval of survival
was 2.9-5.3 months whereas in the control it was 1.4-
2.6 months. Patient survival was significantly higher
(p = 0.000, Mann-Whitney test) in the AHCC group
than in the control group with a median survival time
of 3.5 months and 1.5 months, respectively (Fig. 1).
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Table 1 Clinical background of patients in the AHCC treated- and control groups
AHCC group Control group p-value
Patient characteristics (N=34) (N =10)
Age (years) 48.5 (34-72) 51.5 (37-71) 0.716
Gender (male/female) 28/6 9/1 0.561
HCC/CCA 25/9 713 0.826
HBsAg (positive) 14 of 27 6 of 9 -
Biochemical parameters

Albumin (g/dl) 3.7 (3.4-4.0) 3.5(2.9-3.8) 0.194

Total bilirubin (mg/dl) 0.8 (0.6-2.0) 2.7 (1.0-6.7) 0.027

Aspartate transaminase (U/l) 79 (48-173) 108 (57-154) 0.516

Alamine transaminase (U/l) 51 (30-117) 39 (29-53) 0.384

Alkaline phosphatase (U/l) 194 (126-340) 223 (167-303) 0.327

Hematological parameters

Hemoglobin (g/dl) 12.5(11.0-13.4) 11.6 (10.1-13.4) 0.385

Platelet counts (X103/;,1I) 242 (208-340) 214 (153-318) 0.449

WBC counts (x10%/pl) 8.7 (6.4-10.8) 6.4 (4.8-9.8) 0.145

Lymphocytes (x10*/ul) 1.86 (1.43-2.27) 1.42 (0.79-1.90) 0.101

Lymphocytes (%) 22 (17-30) 20(17-24) 0.401

Immunological parameters (N=24) (N=16)
Total IL-12 (pg/ml) 27 (9-81) 40 (24-76) 0.432
(N=29) (N=7)
Neopterin (nmol/l) 9 (5-14) 12 (8-31) 0.270
1.0
g - —— Control (n =10)
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Fig. 1 Kaplan-Meier estimates of overall survival of patients. The solid line indicates
survival in the control group, and the dashed line represents the AHCC treated-
group. There was a significant difference in overall survival between the two
groups (p = 0.000).
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Quality of life (QOL)

Because of the mortality in the control group
before the second QOL appraisal at 3 months of
treatment, only QOL data from the 33 patients in the
AHCC group could be analyzed. From the twenty-
eight items of the QOL questionnaire, five factors
were extracted by the factor analysis method. The
hypothesis that five factors were sufficient was
proven by chi-square statistics with a p-value of
0.0002. These five factors included: (1) acceptance
of disease, (2) mental stability, (3) ability to help
him/herself (defecation and urination), (4) general
physical health status, and (5) ability to have normal
activities. Table 2 demonstrates means, SD and me-
dian of the scores of these five factors before and af-
ter AHCC treatment. The means of factors 1, 2, 3
and 4 seemed to increase slightly from before to after
treatment. However there was no significant differ-
ence when using the paired Wilcoxon signed-rank
test except for factor 2 (mental stability), factor 4
(general physical health status), and factor 5 (ability
to have normal activities) which were significantly
different by the one-sided test with p-values of
0.028, 0.037, and 0.040, respectively. A paired t-test
was not used for analysis since the scores of the five
factors did not conform to normal distribution
(Shapiro-Wilk normality test).

Clinical parameters

Ten biochemical and hematological parame-
ters were investigated in the two groups. As half of
the patients in the control group had died within 1.5
months, the median of these parameters of the two

groups were compared at 0, 1, and 2 months as dem-
onstrated in Figs. 2 and 3, and summarized in Tables
3 and 4, respectively. Of the ten parameters, two pa-
rameters including serum level of albumin, and per-
centage of lymphocytes in blood, were significantly
higher in the AHCC treated-group than in the control
group. The significant differences of these two pa-
rameters between the two groups could be noticed
after one and two months of treatment with p-values
of 0.000 and 0.026, respectively (Figs. 2A, 3E). The
serum level of total bilirubin seemed to be lower in
the AHCC treated-group, but this was not conclusive
because a difference in total bilirubin was detected
since the study had started. For other clinical pa-
rameters, however, there was a tendency of better re-
sults in the AHCC treated-group since the level of
these parameters seemed not to increase as rapidly as
in the control group. These parameters included se-
rum levels of AST and ALT (Figs. 2C, 2D).

For immunological parameters, the levels of
gamma-interferon (IFNy) both in the AHCC treated-
and control groups were lower than the test Kit’s
minimum level of detection (< 2 pg/ml). The ex-
pected values from apparently healthy individuals as
described in the manufacturer’s instructions are only
0 to 2.6 pg/ml (n = 45). The plasma levels of inter-
leukin-12 (IL-12) and neopterin before treatment
were similar in both groups as shown in Table 1.
Later on, there were not enough data of IL-12 and
neopterin from the control group (n = 1) to be com-
pared to those of the AHCC treated-group, so only
the median IL-12 and neopterin levels from the
AHCC treated-group were investigated until 3
months of treatment (Fig. 4 and Table 5). The me-

AHCC treatment

Table 2 Means, SD, and medians of the five factors analyzed from QOL questionnaires before and after

Before

After Two-sided One-sided

Variable

Obs® NA® Mean SD Median Range  Obs® NA® Mean  SD  Median Range  Pvalue  pvalue
Factorl 27 6 354 098 38 15 28 3 377 078 393 1575 0350 0.175
Factor2 30 3 354 094 375 15 28 3 367 069 375 15475 0057 0.028
Factor3 32 1 302 119 300 15 31 0 327 095 300 1255  0.305 0.153
Factor4 32 1 347 130 367 15 30 1 382 126 433 15 0.073 0.037
Factor5 32 1 417 106 45 1335 29 2 406 117 467 1335  0.080 0.040

Factor 1, acceptance of disease; Factor 2, mental stability; Factor 3, ability to help him/herself; Factor 4, general physical health status;
Factor 5, ability to have normal activities; Obs? number of patients in observation; NA®, number of patients with no answer
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Fig. 2 The median profiles of biochemical parameters of patients. The open circles indicate the levels of the ap-
propriate parameters in the control group, and the open triangles represent the levels in the AHCC treated-
group. The medians of these parameters are: (A) albumin, (B) total bilirubin, (C) aspartate aminotransferase
(AST), (D) alanine aminotransferase (ALT), and (E) alkaline phosphatase (ALP).

2

dian IL-12 level in AHCC treated-patients seemed to
rise from 27 to 38 pg/ml during 3 months of follow-
up. Expected values from apparently healthy indi-
viduals in our study ranged from 11 to 56 pg/ml (n =
24) with median and interquartile intervals of 33 and
22-44 pg/ml, respectively. The median neopterin
level seemed not to change significantly ranging
from 9 to 13 nmol/l. However, the expected value is
less than 10 nmol/I.

Follow-up in long survival patients
Follow-up values of 6 interesting clinical
parameters in 6 (18%) AHCC treated-patients with a

survival time of more than 7 months (2 times of me-
dian survival) are shown in Fig. 5. These parameters
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included albumin, AST, ALT, lymphocytes (%), IL-
12 and neopterin. The parameters of the individual
profiles seemed not to change (decrease or increase)
significantly compared to the median profiles of the
control group. These results suggested that AHCC
treated-patients with a longer survival could maintain
their physiological parameters until the last 1 or 2
months of their life as seen in the albumin, lympho-
cytes (%), and neopterin parameters. In the patient
who survived more than 24 months (AR4), all 6 pa-
rameters seemed not to change vitally, showing a
good prognosis which correlated with the survival.

Fig. 6 shows photographs of erythematous
skin (spider naevi) on the patient AR4’s chest and
back before and after one and two years of AHCC



AHCC TREATMENT FOR LIVER CANCER

39

A
14 A —O— Control
—v— AHCC
5 12
=
£
S 10 A
[=2]
o
6 -
0 1 2 3
15
—O— Control
m’; —v— AHCC
£10 1
: N
™
o
—
< g ]
8]
@
=
0 T T T T

oe)

400 —O— Control
e —v— AHCC
£
£300 4
8
) VQZ\V
S
5200 R
8
£ 100 -
o
0 T T T T
0 1 2 3
D
3.0
m’g —o— Control
£ 251 —v— AHCC
)
8 2.0 -
o
S
X 154
3
510
2
g 51
>
-
0.0 T T T T
0 1 2 3

Percentage of lymphocytes

—O— Control
—v— AHCC

o

Fig. 3

Time (months)

The median profiles of hematological parameters of patients. The open circles indicate the lev-
els of the appropriate parameters in the control group, and the open triangles represent the
levels in the AHCC treated-group. The medians of these parameters are: (A) hemoglobin, (B)
platelet counts, (C) white blood cell counts, (D) total lymphocytes, and (E) lymphocytes (%).

T T

2

w

treatment. The spider naevi disappeared after three
months of treatment with no new occurrence until
two years of follow-up. Pictures of his liver mass
using magnetic resonance imaging from the year of
2002 (the start of treatment) to 2005 showed that
there was no change in tumor size and no new lesion
appeared (Fig. 7). These images were also consistent
with his good prognosis and longer survival time.

DISCUSSION

The natural course of the hepatocellular car-
cinoma is by rapid progression with a median sur-
vival of 4.1 months.>?® Early detection of liver can-

cer has recently become possible because of the pro-
gress in diagnostic imaging. This led to an increased
incidence of resection of early-stage liver cancer dur-
ing the last decade.”® Although hepatic resection is
the most effective treatment of liver cancer, most pa-
tients are not eligible as they still are diagnosed at a
late stage.”® To prolong survival in these patients,
the most widely used options are adjuvant chemo-
therapies,”” even though there is no clear evidence
that their administration results in improved sur-
vival.®® Thus, the search for other potentially useful
therapeutic approaches is still necessary. Recently,
there have been many attempts to treat the cancer by
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Table 3 Biochemical parameter results of patients from AHCC treated- and control groups
AHCC Control p-value
Albumin (g/dl)
MO (N =33) (N =10)
Median (IQR) 3.7 (3.4-4.9) 3.5(2.9-3.8) 0.194
M1 (N=132) (N=7)
Median (IQR) 3.4 (3.0-4.0) 2.9 (2.4-2.9) 0.000
M2 (N =25) (N=2)
Median (IQR) 3.5(3.0-4.0) 2.6 0.023
Total bilirubin (mg/dl)
MO (N=33) (N =10)
Median (IQR) 0.8 (0.6-2.0) 2.7 (1.0-6.7) 0.027
M1 (N=32) (N=7)
Median (IQR) 1.1(0.8-1.7) 7.3 (2.3-15.3) 0.003
M2 (N = 26) (N=2)
Median (IQR) 1.4 (0.7-3.1) 10.6 0.153
AST (U/)
MO (N =34) (N =10)
Median (IQR) 79 (48-173) 108 (57-154) 0.516
M1 (N=33) (N=7)
Median (IQR) 81 (48-166) 177 (72-256) 0.180
M2 (N = 25) (N=2)
Median (IQR) 87 (70-180) 432 0.063
ALT (U/l)
MO (N =34) (N =10)
Median (IQR) 51 (30-117) 39 (29-53) 0.384
M1 (N=133) (N=7)
Median (IQR) 60 (32-102) 50 (28-63) 0.344
M2 (N =26) (N=2)
Median (IQR) 64 (36-116) 123 0.222
Alkaline phosphatase (U/l)
MO (N=34) (N=10)
Median (IQR) 194 (126-340) 223 (167-303) 0.327
M1 (N =33) (N =10)
Median (IQR) 200 (114-325) 250 (150-407) 0.328
M2 (N = 26) (N=2)
Median (IQR) 198 (111-424) 196 0.592
M, month; N, number of patients; IQR, interquartile range

stimulating the patient’s immune system. Several
biological response modifiers (BRMs) have been de-
veloped such as BCG, Picibanil, PS-K, interferon,
and interleukin-12;%" however, the clinical efficacy
of these substances remains uncertain.

The interest in the administration of func-
tional food such as AHCC as a BRM has been eluci-
dated in many studies. In vitro experiments have
shown that AHCC restored NK cell activity that was
depressed by an anti-cancer drug, and also stimulated
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peritoneal macrophage cytotoxicity, NO production,
and cytokine production. Both NK cells and macro-
phages have been found to be involved in the inhibi-
tion of tumor metastasis following activation by
BRMs.}” AHCC induced enhancement of the im-
mune response in cancer patients via enhancement of
IL-12 and IFNy production, and NK activity.?*
Therefore, the AHCC effect may be mediated by the
natural host immunity which is restored or activated
by AHCC. These findings suggest that AHCC may
induce its therapeutic effect on the survival of the
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Table 4 Hematological parameter results of patients from AHCC treated- and control groups
AHCC Control p-value
Hemoglobin (g/dl)
MO (N =34) (N =10)
Median (IQR) 12.5 (11.0-13.4) 11.6(10.1-13.4) 0.385
M1 (N=132) (N=7)
Median (IQR) 11.3 (10.1-13.9) 9.9 (9.0-11.5) 0.088
M2 (N = 26) (N=2)
Median (IQR) 11.3 (10-13.1) 8.9 0.090
WBC (x10°/ul)
MO (N = 34) (N =10)
Median (IQR) 8.7 (6.4-10.8) 6.4 (4.8-9.3) 0.145
M1 (N=32) (N =10)
Median (IQR) 9.0 (6.3-10.9) 8.6 (6.0-14.3) 0.783
M2 (N =26) (N=2)
Median (IQR) 8.7 (7.3-9.7) 6.4 0.532
Platelet (x10%pl)
MO (N =34) (N =10)
Median (IQR) 242 (208-340) 214 (152-318) 0.449
M1 (N=32) (N=7)
Median (IQR) 249 (181-365) 241 (168-300) 0.770
M2 (N = 26) (N=2)
Median (IQR) 255 (203-317) 213 0.562
Total lymphocyte (x10%/pl)
MO (N =34) (N =10) 0.101
Median (IQR) 1.9 (1.4-2.3) 1.4 (0.8-1.9)
M1 (N=132) (N=7)
Median (IQR) 1.7 (1.2-2.1) 0.8 (0.7-2.1) 0.323
M2 (N = 26) (N=2)
Median (IQR) 1.3 (0.8-2.2) 1.2 0.532
Lymphocyte (%)
MO (N = 34) (N =10)
Median (IQR) 21.8 (16.8-30.0) 20.3 (16.7-24.4) 0.401
M1 (N=32) (N=7)
Median (IQR) 20.0 (12.4-25.8) 12.0 (6.0-22.0) 0.103
M2 (N =26) (N=2)
Median (IQR) 14.5 (10.2-25.3) 4.0 0.026
M, month; N, number of patients; IQR, interquartile range

cancer patients as a result of NK cell and macro-
phage activation mediated through host immuno-
modulation. Recently, AHCC has been reported to
improve prognosis of postoperative hepatocellular
patients with significantly longer remission periods,
an increased overall survival rate and improvement
of liver function.*

In this study, the patients with advanced liver
cancer were randomized into AHCC treated- and

placebo (control) groups. The preliminary results
from 23 patients (13 patients in the AHCC treated-
and 10 patients in the control groups) showed that all
10 (100%) patients in the control group died within
3.5 months whereas 8 (61.5%) patients in the AHCC
group were still alive after that period. The signifi-
cant difference in overall survival was determined by
comparing median survival time of 4 and 1.5 months
in the AHCC treated- and the control groups, respec-
tively (p = 0.002, Mann-Whitney test). From this
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Table 5
control groups

Immunological parameter results of patients from AHCC treated- and

AHCC Control p-value

Interleukin-12 (pg/ml)

MO (N =24) (N=6)

Median (IQR) 27 (9-81) 40 (24-76) 0.432

M1 (N =16) (N=1)

Median (IQR) 26 (14-78) 46 NA

M2 (N=11)

Median (IQR) 35 (19-102) NA
Neopterin (nmol/l)

MO (N =29) (N=7)

Median (IQR) 9 (5-14) 12 (8-31) 0.270

M1 (N =16) (N=1)

Median (IQR) 11 (8-16) 24 NA

M2 (N=12)

Median (IQR) 13 (8-18) NA

M, month; N, number of patients; IQR, interquartile range; NA, no analysis

interim analysis, it seemed unethical to randomize
more patients into the control group; so after this all
newly enrolled patients were treated with AHCC.

Our results from 44 patients (34 AHCC
treated and 10 controls) suggested that the use of
AHCC increased the probability of prolonged sur-
vival and of a higher quality of life. Furthermore, it
was observed that the follow-up levels of albumin,
AST and ALT activity, and percentage of lympho-
cytes, did not deteriorate as rapidly after AHCC
treatment as in the controls. This suggested that
AHCC intake had some beneficial effects on main-
taining the physiological status of these patients until
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the last 2 months of their life. The parameters that
showed an apparent difference between the two
groups within 1-2 months were albumin and percent-
age of lymphocytes. Thus, a follow-up of these two
parameters might indicate an early prognosis during
treatment in terms of better or worse outcome.

The immunological parameters consisted of
Th-1 cytokines: IFNy and IL-12 representing cell-
mediated immunity via NK and macrophage activity.
In addition, neopterin, a marker for macrophage ac-
tivation, was determined. Elevated levels of neop-
terin have been reported causing a stimulation of cel-
lular immunity including malignancies,*** and are



AHCC TREATMENT FOR LIVER CANCER

43

>

Albumin (g/dl)

AR1 (11)
AR4 (>24)
ARG (7.5)
ARS (13)
AR13 (11)
AR14 (11)

ond

I

Percentage of lymphocytes o©

AR1 (11)
AR4 (>24)
ARG (7.5)
ARS (13)
AR13 (11)
AR14 (11)

cie

13

m
-

Total IL-12 (pg/ml)
Neopterin (nmol/I)

ARI (11)
ARA4 (>24)
ARG (7.5)
ARS (13)
ARI13 (11)
AR14 (11)

oLl

PR

Fig. 5 The follow-up of clinical parameters in six AHCC-treated patients having longer survival (> 7 months):
AR1, AR4, AR6, ARS8, AR13 and AR14. The numbers in parentheses indicate patients’ survival time in
months. The parameters are: (A) albumin, (B) aspartate aminotransferase (AST), (C) alanine ami-
notransferase (ALT), (D) percentage of lymphocytes, (E) total IL-12 (IL-12), and (F) neopterin. Each
dashed line was drawn to join the discontinuous data from particular months during follow-up.

also an indicator for conditions related to impaired
cellular immunity. In our study, the plasma levels of
IFNy both in the AHCC treated- and control patients
were lower than the detection limit of the ELISA as-
say. This might be because IFNy acts locally and has
a short half-life. Thus it might be necessary to meas-
ure at mMRNA expression level by real-time RT-PCR
because of its higher sensitivity.>* This method might
reveal possible differences between the two groups if
there were any. During follow-up the plasma levels
of total IL-12 in AHCC treated-patients showed a
slight increase, but remained within the expected
value, and the levels of neopterin were fairly stable
responding to AHCC until the last 1-2 months of the
patient’s life. Although our results could not prove
that AHCC resulted in an increase of IL-12 and sta-
ble neopterin levels because we could not compare to
the controls, they showed a tendency which was con-
sistent with the patients’ prognosis and survival.

Our study suggests that AHCC helps to pro-
long the survival of patients with advanced liver can-
cer. AHCC might improve the prognosis and also
delay the gradual decline of the physiological status
especially of patients with longer survival compared
to the controls. However, the effects of AHCC and
the mechanisms responsible for its effects on the
survival of patients with advanced liver cancer were
not clearly explained and required more detailed
studies.
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Fig. 6 Photographs of spider naevi on patient (AR4)’s chest (upper) and back (lower). Arrow indicates the
spider naevi from (A) October 2002; (B) January 2003; and (C) May 2004. During period of follow—
up, the spider naevi disappeared and no new lesion occurred.

Fig. 7 Magnetic resonance imaging of liver mass of a patient (AR4) during September 2002 to
July 2005. Arrow indicates lesion of the tumor. During period of follow-up, there was no
change in size of tumor and no occurring of new lesion.

REFERENCES 3. Srivatanakul P, Sriplung H, Deerasamee S. Epidemiology of
liver cancer: an overview. Asian Pacific J Cancer Prev 2004;
1. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statis- 5: 116-23.
tics, 2002. CA Cancer J Clin 2005; 55: 74-108. 4. Ferlay J, Bray J, Pisani P, Parkin DM. Cancer incidence,
2. Parkin DM. Global cancer statistics in the year 2000. Lancet mortailty and prevalence worldwide. Globacon 2000. Lyon:
Oncol 2001; 2: 533-43. IRAC Press; 2001.

44



AHCC TREATMENT FOR LIVER CANCER

45

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Okuda K, Nakanuma Y, Miyazaki M. Cholangiocarcinoma:
recent progress. Part I: epidemiology and etiology. J Gastro-
enterol Hepatol 2002; 17: 1049-55.

Nakanuma Y, Sripa B, Vatanasapt V, et al. Intrahepatic
cholangiocarcinoma. In: Hamilton SR, Aaltonen LA, eds.
Pathology and Genetics of Tumours of the Digestive Sys-
tem, International Agency for Research on Cancer, Lyon,
1999; pp. 173-80.

Sangro B. Refined tools for the treatment of hepatocellular
carcinoma. J Hepatol 2005; 42: 629-31.

Goldberg MJ. Cholangiocarcinoma. Dis Mon 2004; 50: 540-
4.

Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.
Lancet 2003; 362: 1907-17.

Matsui Y, Uhara J, Satoi S, Kaibori M, Yamada H, Kitade
H, et al. Improved prognosis of post-operative hepatocellu-
lar carcinoma patients when treated with functional foods: a
prospective cohort study. J Hepatol 2002; 37: 78-86.

Zheng R, Jie S, Hanchuan D, Moucheng W. Characteriza-
tion and immunomodulating activities of polysaccharide
from Lentinus endodes. Int Immunopharmacol 2005; 5: 811-
20.

Chen YY, Chang HM. Anti-proliferative and differentiating
effects of polysaccharide fraction from fu-ling (Poria cocos)
on human leukemic U937 and HL-60 cells. Food Chem
Toxicol 2004; 42: 759-69.

Stuelp-Campelo PMa, Oliveira MBM, Carneiro-Leao AMA,
Carbonero ER, Gorin PAJ, lacomini M. Effect of a soluble
a-D-glucan from the lichenized fungus Ramalina celastri on
macrophage activity. Int J Immunopharmacol 2002; 2: 691-
8.

Mizuno M, Shiomi Y, Minato K, Kawakami S, Ashida H,
Tsuchida H. Fuco-galactan isolated from Sarcodon aspratus
elicits release of tumor necrosis factor- o and nitric oxide
from murine macrophages. Immunopharmacology 2000;
46: 113-21.

Milner JA. Functional foods: the US perspective. Am J Clin
Nutr 2000; 71 (suppl): 1654S-9S.

Roberfroid MB. Concepts and strategy of functional food
science: the European perspective. Am J Clin Nutr 2000;
71(suppl): 1660S-4S.

Matsushita K, Kuramitsu Y, Ohiro Y, et al. Combination
therapy of active hexose correlated compound plus UFT
significantly reduces the metastasis of rat mammary adeno-
carcinoma. Anti-Cancer Drugs 1998; 9: 343-50.

Ye SF, Ichimura K, Wakame K, Ohe M. Suppressive effects
of active hexose correlated compound on the increased ac-
tivity of hepatic and renal ornithine decarboxylase induced
by oxidative stress. Life Sci 2003; 74: 593-602.

Kidd PM. The use of mushroom glucans and proteoglycans
in cancer treatment Altern Med Rev 2000; 5: 4-27.

Sosin AE. Winning the battle against cancer therapy side ef-
fects. Whole Food Magazine 2002; pp. 1-4.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

Burikhanov RB, Wakame K, lgarashi Y, Wang S, Matsuzaki
S. Suppressive effect of active hexose correlated compound
(AHCC) on thymic apoptosis induced by dexamethasone in
the rat. Endocrine Regulations 2000; 34: 181-8.

Wang SY, Ichimura K, Wakame K. Preventive effects of
Active Hexose Correlated Compound (AHCC) on oxidative
stress induced by ferric nitrilotriacetate in the rat. Dokkyo J
Med Sci 2001; 28: 745-52.

Ghoneum M, Ninomiya Y, Torabi M, Gill G, Wojdani A.
Active hemicellulose compound (AHCC) enhances NK cell
activity of aged mice in vivo. FASEB J 1992; 6: A1213
(Abstract).

Uno K, Kosuna K, Sun B, et al. Active hexose correlated
compound (AHCC) improves immunological parameters
and performance status of patients with solid tumors. Bio-
therapy 2000; 14(3): 303-9.

Okuda K, Ohtsuki T, Obata H, et al. Natural history of hepa-
tocellular carcinoma and prognosis in relation to treatment:
study of 850 patients. Cancer (Phila.) 1985; 56: 918-28.
Nerenstone SR, Ihde DC, Friedman MA. Clinical trials in
primary hepatocellular carcinoma: current status and future
directions. Cancer Treat Rev 1988; 15: 1-31.

Raoul JL, Guyader D, Bretagne JF, Heautot JF, Duvauferrier
R, Bourguet P, et al. Prospective randomized trial of
chemoembolization versus intra-arterial injection of -
labeled-iodized oil in the treatment of hepatocellular carci-
noma. Hepatology 1997; 26: 1156-61.

Simonetti RG, Liberati A, Angiolini C, Pagliaro L. Review.
Treatment of hepatocellular carcinoma: a systemic review of
randomized control trials. Ann Oncol 1997; 8: 117-36.
Mizushima Y, Yuhki N, Hosokawa M, Kobayashi H. Dimi-
nution of cyclophosphamide-induced suppression of antitu-
mor immunity by an immunomodulator PS-K and combined
therapeutic effects of PS-K and cyclophosphamide on trans-
planted tumor in rats. Cancer Res 1982; 42: 5176-80.
Nishioka Y, Hirao M, Robbins PD, Lotze MT, Tahara H.
Induction of systemic and therapeutic antitumor immunity
using intratumoral injection of dendritic cells genetically
modified to express interleukin-12. Cancer Res 1999; 59:
4035-41.

Nakazato H, Koike A, Saji S, Ogawa N, Sakamoto J. Effi-
cacy of immunochemotherapy as adjuvant treatment after
curative resection of gastric cancer. Lancet 1994; 343: 1122-6.
Kalkan A, Ozden M, Akbulut H. Serum neopterin level in
patients with chronic hepatitis B. Jpn J Infect Dis 2005; 58:
107-9.

Hoffman G, Wirleitner B, Fuchs D. Potential role of im-
mune system activation-associated production of neopterin
derivatives in humans. Inflam Res 2003; 52: 313-21.
Giulietti A, Overbergh L, Valckx D, Decallonne B, Bouillon
R, Mathieu C. An overview of real-time quantitative PCR:
application to quantify cytokine gene expression. Methods
2001; 25: 386-401.

45



