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a b s t r a c t

This study aims to provide a strategy for personalized cancer therapy that results in increased survival
time with better and more stable quality of life (QOL).
Methods and patients: Active hexose correlated compound (AHCC) and genistein concentrated poly-
saccharide (GCP) were administered to patients diagnosed with stage IV non-small cell lung cancer
(NSCLC) with distant metastasis (M1). AHCC and GCP were consumed orally by concurrent or sequential
use. Long-term follow-up study was conducted from January 1996 to January 2012 using the individu-
alized evidence-based medicine (EBM) approach. Forty-two cases of NSCLC were enrolled in this study.
Results: The cumulative survival rate after 1, 2, 3, 4, and 5 years of treatment were 80.6%, 56.8%, 24.3%,
8.1%, and 5.4%, respectively. Median survival time (MST) was relatively longer at 28.26 months, as
compared to that of current cancer therapies that solely involve chemotherapy. Evaluation of QOL
showed that 40% of the 42 M1 cases achieved excellent (Class A) and good (Class B) QOL according to our
5-level QOL scoring.
Conclusions: AHCC and GCP resulted in increased patient survival time, better QOL, and reduced adverse
effects related to cancer chemotherapy.
Copyright � 2012, International Society of Personalized Medicine. Published by Elsevier B.V. All rights

reserved.
1. Introduction

Lung cancer is a leading cause of cancer-related mortality
worldwide [1,2]. In 2008, more than 161,000 men and womenwere
estimated to die from lung cancer in the USA, although the
mortality rates have been slowly declining for a decade in men and
appear to be stabilizing inwomen [3]. On the other hand, according
to the domestic statistics [4] for cancer-related death, 67,583
patients died of lung cancer in Japan in 2009, the highest mortality
rate reported for this specific type of cancer in this country. Despite
the advances in cancer chemotherapy, the rate of mortality due to
lung cancer continues to increase in Japan.

With the latest advances in medical science, evidence-based
medicine (EBM) has become the prime basis for multidisciplinary
therapy. New anti-cancer agents have been developed for current
cancer therapy, and clinical practice guidelines [5e8] based on
standard EBM have been recommended. However, there remain
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the impending problems on the benefits and adverse side effects of
using cytotoxic agents in chemotherapy.

High-quality evidence-based guidelines for the treatment of
advanced non-small cell lung cancer (NSCLC) are available, but
their application to chemotherapy are limited due to the concerns
regarding the risks and benefits for patients undergoing their first-
line of systemic treatment. Improvement of survival and quality of
life (QOL), symptom control, and cost-effectiveness are the inevi-
table issues that need to be addressed before implementing these
guidelines for therapy [9].

Repeat trials of chemotherapy have often resulted in multiple
adverse effects [10,11] including (a) gastrointestinal (GI) disorders
such as nausea, vomiting, diarrhea, stomatitis, and anorexia;
(b) neurogenic and mental disorders such as numbness, fatigue,
instability, and depression; (c) other physical disorders such as
fever, hair loss, skin and nail damage; and (d) high risk disorders
such as bone marrow depression, interstitial pneumonitis,
pulmonary bleeding or GI perforation, infusion reaction, and other
life-threatening adverse effects. There are gaps between the risks
and benefits of cancer chemotherapy. For increasing survival
through cancer and achieving a better QOL, combined
Medicine. Published by Elsevier B.V. All rights reserved.
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Table 1
Immunochemotherapy administered for stage IV (M1) NSCLC.

AHCC: 3.0e6.0 g/day
GCP: 1.0e1.3 g/day
Gefitinib (Iressa) 250 mg/day q.2we4w

þUFT or TS �1 p.o.Paclitaxel (PTX) 90e120 mg
Docetaxel (TXT/DOC) 40e60 mg
Carboplatin (CBDCA） 100e150 mg
Vinorelbine (VNR) 10e20 mg
Gemcitabine （GEM） 600e800 mg

NSCLC: Non-small cell lung cancer.
AHCC is taken before meals and GCP is taken after meals. Whenever chemotherapy
is indicated, lower dosed chemotherapy is essential with selected 1 or 2 drugs of the
regimen.
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immunotherapy should be considered as an alternative to cytotoxic
chemotherapy [12].

With regard to personalized/integrative medicine, active hexose
correlated compound (AHCC) [13e15] and genistein concentrated
polysaccharide (GCP) [16e18] have been used as immune support
in individualized EBM. AHCC is a fermented mushroom extract
(mycelium of edible Basidiomycete fungi). GCP is a soybean product
containing the isoflavone aglycone, with genistein as most impor-
tant component, and has been reported to have anti-angiogenic
and anti-tumor effects that are enhanced when administered in
combination with AHCC. Since 1996, AHCC has been administered
to more than 300 cancer patients [19,20] who showed no clinical
improvement after standard EBM. Since 2000, GCP has been
administered along with AHCC for treating advanced or recurrent
cancer.

2. Methods

2.1. Patients and their background

Forty-two patients with NSCLC were enrolled in this study. The
patients were in stage IV with distant metastasis (M1) and showed
no improvement after standard EBM. All patients provided
informed consent for the combined immunotherapy based on
individual EBM. Follow-up monitoring was performed for 16 years
from January 1996 to January 2012. The study population consisted
of 21 male and 21 female patients.

The age range of the study population was 46e101 years, with
a median age of 70 years.

Patients were evaluated for advanced lung cancer on the basis of
the following indicators:

1. Performance status (PS) was evaluated as 0, 1, 2, 3, and 4
according to Eastern Cooperative Oncology Group (ECOG),

2. Progress of therapeutic effects were assessed as per the
Response Evaluation Criteria in Solid Tumors (RECIST) [22] as
complete response (CR), partial response (PR), stable disease
(SD), and progressive disease (PD).

QOL was assessed on the basis of the following indicators:

1. Physical
2. Medical (e.g., postoperative complications, chemotherapy, and

Narcotics for pain),
3. Basic lifestyle (e.g., appetite, sleep, behavior, and social

activities)
4. Fatigue
5. Mental, emotional, and spiritual, and
6. Financial status

During the assessment of PS and QOL, respiratory function was
considered to be the most important. Dyspnea often develops due
to about by respiratory/cardiac disorders. For dyspnea, specific
descriptors were evaluated. The 5-rank rating scales used are
shown below.

1. Cancer dyspnea scale (CDS) [23] with ranks 1, 2, 3, 4, and 5;
2. STAS-J 2 [23] with ranks 0, 1, 2, 3, and 4; and
3. Modified Therapeutic New York Heart Association (NYHA)

classification [24,25] system that has the following ranks
NYHA-I: No respiratory episode under extraordinary activity
NYHA-II s: Slightly limited activity for usual life, no respira-
tory episode at rest
NYHA-II m: Moderately limited activity due to exertional
dyspnea
NYHA-III: Highly limited activity due to exertional activity
NYHA-IV: Critical status in terminal phase with respiratory
insufficiency

The MD Anderson Symptom Inventory (MDASI) [26] and NCCN
Cancer-Related Fatigue Guidelines [27] were employed for QOL
evaluation. These guidelines corresponded well with our 5-ranking
QOL scores, the OOL was assessed as excellent (A), good (B), fair (C),
not improved (D), and worse (E).
2.2. Maintenance therapy

Basic fluid therapy including intravenous alimentation was
needed for early recovery of oral intake until bowel function
improved. Upon recovery of appetite, AHCC was administered
before meals. GCP was administered after meals, and the previous
chemotherapy was canceled. GCP was given sequentially or
concurrently with AHCC. Once the condition of the patient
improved, combined chemotherapy was considered depending on
the risks and benefits of the treatment. Standard chemotherapy is
not indicated for stage IV patients because of the high risk of
toxicity and unconfirmed evidence of benefits on patient survival.
Individual EBM can prolong survival with better QOL and was the
main strategy in maintenance therapy.

Table 1 shows the design of immunochemotherapeutic regimen
for the stage IV NSCLC patients at the outpatient department.
Selected chemotherapeutic regimens (1 or 2 anti-cancer drugs)
with low-doses (60e80% of the standard dose) were employed. In
addition, gefitinib, which targets the epidermal growth factor
receptor (EGFR), was administered for adenocarcinoma due to the
better response rate associated with gefitinib. The daily dosages for
AHCC and GCP were 3e6 g and 1.0e1.3 g, respectively.

The actual survival time and survival rate after 1, 2, 3, 4, and 5
years of treatment were calculated. The KaplaneMeier method was
employed for statistical analysis of these actual data and for
calculating the cumulative survival rate/overall survival with
median survival time (MST). Overall survival (OS) is defined as the
time from the date of the first distant metastasis to the date of
death.
3. Results

Table 2 shows the clinical characteristics of the 42 patients with
M1 lung cancer who were treated with AHCC and GCP. The patient
number, age, sex, site of M1 organs, outcome, survival time, and
QOL are also shown.

The actual survival time and percentage of patients surviving for
1e5 years after treatment are presented in Table 3. 1- and 2-year
survivals were 80.1% and 54.7%, respectively. However, because of
progression of M1, the survival rate markedly declined to 28.5%,



Table 2
Clinical characteristics of 42 patients with stage IV (M1) NSCLC (January
1996eJanuary 2012).

Case
No.

Age / Sex M1 organs Outcome Survival
time

QOL

1* 73 / M M1: Lt. L., bone, Med. ✝ 2Y 6M B
2 78 / M M1: Lt. L., bone, Med. ✝ 2Y 6M B
3* 74 / M M1: brain ✝ 6M D
4 76 / F M1: Rt. > Lt. L., P.E. ✝ 1Y 6M C
5* 66 / M M1: Lt. L., P.E. ✝ 3Y C
6* 49 / F M1: Lt. > Rt. L.,

brain, P.E.
✝ 7M C

7* 67 / M M1: Lt. > L., Med.,
chest wall

✝ 3Y B

8 63 / M M1: Lt. > Rt. L. ✝ 1Y 6M B
9* 76 / F M1: Rt. > Lt. L., brain,

bone
✝ 11M B

10 70 / M M1: liver, MAH ✝ 1Y 1M A
11 71 / M M1: bone ✝ 1Y 6M D
12 71 / M M1: bone, brain ✝ 3Y 10M D
13* 69 / F M1: both L. ✝ 2Y 4M E
14 58 / M M1: both L., liver, bone,

brain
✝ 3Y 3M A

15 59 / F M1: brain, bone ✝ 3Y 4M A
16 69 / M M1: Med. ✝ 2Y 11M B
17* 54 / F M1: Med., bone ✝ 1Y 9M C
18* 83 / F M1: Med., P.E. ✝ 1Y 7M C
19* 73 / M M1: Med., P.E. ✝ 5M E
20* 87 / F M1: liver ✝ 11M C
21* 94 / F M1: P.E. ✝ 2Y C
22* 101 / F M1: liver ✝ 1Y B
23* 94 / F M1: Med., liver ✝ 2Y 10M B
24* 64 / F M1: P.E., Med ✝ 2Y 6M C
25* 46 / M M1: brain ✝ 11M D
26* 73 / M M1: Med., bone ✝ 3Y 1M A
27* 63 / F M1: both lungs. Med.,

bone
✝ 3Y 1M C

28* 76 / F M1: Med., P.E. ✝ 2Y 11M C
29* 70 / M M1: Med., P.E.,

liver, P.C.
✝ 1Y 2M C

30* 79 / M M1: bone ✝ 3Y 3M B
31 54 / F M1: bone, lung, brain ✝ 3Y C
32 57 / F M1: Med., P.E. ✝ 4Y 3M C
33 53 / M M1: brain, lung, Med. ✝ 2Y 2M A
34 70 / M M1: P.E., bone, P.C. ✝ 2Y 6M D
35 66 / M M1: bone, liver, skin ✝ 11M C
36 81 / M M1: brain ✝ 2Y C
37 68 / F M1: Med., bone Alive 4Y 7M C
38 65 / M M1: bone Alive 10M A
39 74 / F M1: P.E. Alive 1Y 2M C
40 56 / F M1: M1 L.N., skin Alive 1Y 2M A
41 59 / M M1: bone, lung Alive 5Y 4M A
42 73 / F M1: Med. Alive 1Y 3M C

*: No operation, M1: distant metastasis, NSCLC: non-small cell lung cancer, M1 LN:
M1 lymph node, ✝: dead, L.: lung, Med.: mediastinum, P.E: pleural effusion, P.C:
peritonitis carcinomatosa, MAH: malignancy-associated hypercalcemia.

Table 3
Actual survival of 42 cases of stage IV (M1) NSCLC. (January 1996eJanuary 2012).

Survival
time

Case % Dead Alive RECIST Survival (%)

<1Y 8 19.0 7 1
1Yw <2Y 11 26.2 8 3 1 SD, 2 PD 1Y-S 80.1
2Yw <3Y 11 26.2 11 0 2Y-S 54.7
3Yw <4Y 9 21.4 9 0 3Y-S 28.5
4Yw <5Y 2 4.8 1 1 PD 4Y-S 7.1
5Yw 1 2.4 0 1 5Y-S 2.3

42 36 6
Mean survival time ¼ 25.95 months

M1: distant metastasis, RECIST: Response Evaluation Criteria in Solid Tumors, SD:
stable disease, PD: progressive disease in progress of therapeutic effect.
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7.1%, and 2.3% after 3, 4, and 5 years of treatment, respectively. Of
the 42 patients, 6 were alive, whereas 36 had expired. The mean
survival time was 25.95 months. The result for statistical analysis
using the KaplaneMeier method is shown in Fig. 1; the cumulative
survival rate for 1-, 2-, 3-, 4-, and 5-year survival were 80.6%, 56.8%,
24.3%, 8.1% and 5.4%, respectively. Only 1 patient was alive after 5
years of treatment. The median survival time (MST) was 28.26
months.

The percentage of patients having QOL scores of A, B, C, D, and E
were 19%, 21%, 43%, 12%, and 5%, respectively. The higher levels of
QOL (A and B) were observed for 40% of all patients. In summary,
estimations of MST, cumulative survival rate/OS, and QOL showed
the combined immunotherapy with individualized EBM was
effective for stage IV (M1) NSCLC.
4. Discussion

AHCC [13,14] is a functional food developed by Amino Up
Chemical Co., Ltd., Sapporo, Japan in 1989. AHCC is a fermented
mushroom extract (mycelium of edible Basidiomycete fungi) used
as a dietary supplement and has been accepted worldwide as
a component of chemotherapy and alternative medicine. The key
function of AHCC is immunomodulation; immunomodulatory
agents are widely utilized in cancer therapy [13,15,19,20] to reduce
the adverse effects of chemotherapy. Furthermore, recent studies
[14] have shown that AHCC is effective in reducing inflammation
and preventing infection.

GCP [16e18] is a soybean product containing isoflavone agly-
cone, and genistein is the most important component of GCP. GCP
has anti-angiogenic and anti-tumor effects that are enhanced when
GCP is administered along with AHCC.

Attempts have been focused on determining the effect of AHCC
and GCP on survival time after recurrence and OS of stage IV NSCLC
patients.

For patients with advanced or recurrent NSCLC who show no
improvement after first-line chemotherapy, a second-line of
chemotherapy is administered. Randomized trials have reported
multiple clinical practice guidelines for obtaining benefits on
survival, symptom control, and QOL [11,38].

The availability of new active drugs allows symptom control and
significant improvement in survival without any major detrimental
effects on the QOL of patients. On the other hand, evidence showing
that combinations of new drugs are superior to those of old drugs in
terms of survival as seen in benefit-to-risk profiles after second-line
treatment is lacking [9].
Fig. 1. Cumulative survival rate and median survival time (MST) of the 42 cases of
stage IV (M1) non-small cell lung cancer. (January 1996eJanuary 2012).



Table 4
Selected references on median survival time (MST) and survival rates of advanced NSCLC in stage (IV > III).

References Year MST* 1-year survival 2-year survival Regimen

a) Chemotherapy alone
*MST ¼ Median survival time
NSCLC Collaborative Group [28] 1995 5.5 m (4 m þ[1.5 m) 25% (15% þ[10%) CDDP
Schiller JH et al. [29] 2002 7.3 me8.5 m 33% (30e36%) 11% (8e12%) CDDP, CBDCA,

PAC, DOC, Gem
Treat J et al. [30] 2005 7.59 me8.15 m 32.1%e33% 9.8%e11.1% Gem, CBDCA, PAC
Kosmidis PA et al. [31] 2005 10 me10.5 m 42%e44% 14%e16% Gem, CBDCA, PAC
Yamamoto N et al. [32] 2006 385 de432 d 53.3%e57.6% 22.4%e38.3% Gem, CBDCA, VNR
Ohe Y et al. (FACS) [33] 2007 11.4 me14.8 m 48%e60% CDDP, CBDCA,

VNR, Gem, CPT-11
European Med. agency [41] 2008 9.3 m vs. 8 m Pem, DOC
Scagliotti GV et al. [42] 2008 10.3 me12.6 m (OS) Pem, CDDP
Belani CP et al. [43] 2009 14.5 m (OS) vs. 10.3 m (OS) Pem, DOC

References Year MST* Survival Regimen

b) EGFR-tyrosine kinase inhibitor (EGFR-TKI) alone or combined chemotherapy
Sutani A et al. [34] 2006 15.4 m Gefitinib alone
Morita S et al. [35] 2008 24.3 m (Stage IV 60%, Rec. 26%, IIIb 13%) Gefitinib alone
Kobayashi K et al. [36] 2008 17.8 m 1-Y. Survival 73%, PS[: 79% Gefitinib alone
Takano T et al. [37] 2008 13.6 me27.2 m (Stage IV & III) Gefitinib, PAC, DOC
Mok et al. [38] 2009 17.3 me18.6 m (Stage IV & III, QOL[: 48%) Gefitinib, PAC, CBDCA
Niho S et al. [39] 2007 14 m vs. 11.5 m (MST) Gefitinib, DOC
Hida T et al. [40] 2008 15.4 m (OS) Gefitinib, CDDP
Sandler A et al. [44] 2006 12.3 m (OS) Bevacizumab, PAC, CBDCA
Pilker R et al. [46] 2009 11.3 m vs. 10.1 m (MST) Cetuximab, CBDCA, VNR

CDDP: cisplatin, CBDCA: carboplatin, PAC: paclitaxel, DOC: docetaxel, Gem: gemcitabine, CPT-11: irinotecan, Pem: pemetrexed, VNR: vinorelbine.
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Table 4 shows the selected interesting references on MST and
survival rates for advanced NSCLC. These references are divided
into the 2 groups according to the therapeutic drugs used in these
studies: group (a), chemotherapy alone [28e33,41e43] and group
(b), molecular-targeted therapy (EGFR-tyrosine kinase inhibitor
[TKI]/vascular endothelial growth factor [VEGF]-targeted antibody)
alone or in combination with chemotherapy [34e40,44,46].

Group (a): According to a report by the NSCLC group [28] in
1965, cisplatin-based chemotherapy provided only a 10% advantage
of survival after 1 year of treatment, and survival time was
extended up to 4e5 months only. The vast majority of chemo-
therapy guidelines [5,43] recommend docetaxel or pemetrexed for
stage IIIeIV NSCLC patients who fail to respond to first-line
chemotherapy [9]. When properly used, docetaxel yields better
results than pemetrexed in terms of the response rate and QOL. The
frequency of adverse effects with pemetrexed is lower than that
with docetaxel. Pemetrexed is often used during maintenance
therapy because of its low toxicity and is especially effective for
patients with non-squamous histology for whomOS of 14.5months
[43] was achieved by pemetrexed administration. With the use of
new third-line chemotherapeutic agents such as taxane, gemcita-
bine, and vinorelbine, MST improved by 8e10 months [28e30] in
2005 and reached 12 [33] to 14.8months [42] by 2009. However, OS
of M1 cases did not show much improvement after chemotherapy
and could be extended up to 15 months.

Group (b): Molecular-targeted therapy with EGFR-TKI-targeted
agents alone or in combination with chemotherapy

1) Gefitinib

Since 2002, gefitinib has been approved in Japan for treatment
of NSCLC patients with EGFR gene mutations. Gefitinib mono-
therapy or in combination with chemotherapy for EGFR-mutant
patients has resulted in a 75% [34,36] response rate. Further, an
improved MST ranging from 13.6 to 27.2 months [37] when gefiti-
nibwas administered in combinationwith taxane. However, overall
response rate of NSCLC patients to gefitinib with chemotherapy is
below 30% [37], possibly because of negative EGFR mutation or
resistance. When MST obtained in studies belonging to both the
group since 2002 are compared, marked increment in survival of
over 18 [3], 24.3 [36], and 27.2 months [37] were obtained in 3
independent studies belonging to Group (b). However, as the study
populations of these studies included NSCLC patients at stages IV
and III, the actual survival of stage IV patients might be lower than
that shown in the table.

In our previous paper [50] published in 2010, we reported an
improved MST for stage IV (M1) NSCLC using integrative cancer
therapy with a 12-year follow-up. The MST was determined as 28
months with better QOL.

2) Cetuximab

Cetuximab is an EGFR-TKI that was investigated in a Flex study
[46]. This clinical trial reported an improvement in the OS of
patients who received cetuximab and chemotherapy compared
with patients who received chemotherapy alone (11.3 months vs.
10.1 months). The combination therapy showed no demonstrable
extension of survival but might be useful for patients who are not
identified as candidates for bevacizumab-based chemotherapy.

3) Bevacizumab

Bevacizumab is a monoclonal antibody that binds to VEGF,
resulting in the inhibition of angiogenesis. In a phase 3 study (ECOG
4599) [44], the MSTs for patients who received chemotherapy and
bevacizumab was 12.3 months, whereas that for patients who
received chemotherapy alone was 10.3 months. Unlike cetuximab
or gefitinib, bevacizumab has not been confirmed to be beneficial
for improving MST due to risk of pulmonary bleeding associated
with high-doses [44,45] of bevacizumab.

In regard to M1 (Distant metastasis present) descriptor on the
new (7th) edition of the stage classification for lung cancer
provided by the International Association for the Study of Lung
Cancer (IASLC) [47] has proposed new subdivisions within M1,
namely, subclasses [48] M1a and M1b. M1a includes 2 subgroups:
separate tumor nodule(s) in a contralateral lobe and tumors with
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malignant pleural involvement (effusion or nodule[s]) or malignant
pericardial effusion. M1b includes distant metastasis outside the
lungs/pleura.

In an IASLC analysis on clinical M1a patients, MST and 1- and 5-
year survival rates of this subdivision were 8e10 months, 36e45%,
and 2e3%, respectively, with worse prognosis for the subgroup
with pleural effusion.

Compared to M1a patients, M1b patients showed worse
outcomes with MST and 1- and 5-year survival rates of 6 months,
22%, and 1% respectively [21,48].

According to the updated and highlighted paper published in
Chest [49] 2009, which was retrieved from the Surveillance,
Epidemiology, and End Results (SEER) database, the most
comprehensive analysis was performed for stage III B and IV NSCLC.
In this study for stage IV tumors, M1 was grouped into 3 subtypes,
namely, M1 ipsilateral, M1 contralateral, and M1 distant.

The 5-year overall survival rate as analyzed by the
KaplaneMeier survival curve was 8%, 4%, and 1% for patients with
M1 ipsilateral, M1 contralateral, and M1 distant types of tumors,
respectively.

A review of many selected papers on MST showed that current
studies reports an MST of at the most 18 months in cases of
advanced NSCLC. In our study involving a 16-year follow-up for
stage IV (M1) NSCLC patients, an improved MST of 28.26 months
was observed, with better QOL.

Further clinical trials are currently being conducted around the
world using new molecular targeted agents. Since 2010, echino-
derm microtubule-associated protein-like 4-anaplastic lymphoma
kinase (EML4-ALK) [51,52] has been discussed at the American
Society of Clinical Oncology for treatment of NSCLC with EML4-ALK
mutations. The clinical role of ALK inhibitors for the treatment of
advanced NSCLC cases needs to be further investigated.

In this study, immunotherapy with AHCC and GCP reduced
adverse effects of chemotherapy and contributed to increasing
survival time and improving QOL; therefore, these agents can be
potentially used in personalized/integrative medicine.

5. Conclusion

AHCC and GCP administration increased the survival time and
improved QOL by reducing the adverse effects of cancer
chemotherapy.
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