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Figure 3. Effecis of the BCAA and zinc-enriched supplenaent on prognostic factors: (A4) Platelet count, (B) serum aibumin fevel, (C) serum AFPlevel, (D) HOMA-IR
value, (E) serum BCA A-to-tyrosine ratio and (F) serum zinc level. The data are expressed as the mean = SD. The gray area is within the reference values of each
parameter. Differences between the placeboe and supplement groups were analyzed using the Mann-Whitney U test. P<0.05 was considered to indicate a statisti-
cally significant difference. AFP, o-fetoprotein; HOMA-IR, homeostasis model assessment for insulin resistance; BCA A, branched-chain amino acids.
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Figure 4. Stratification analysis according to the serum o-fetoprotein (AFP)
level at baseline. The patients in the placebo and supplement group were fur-
ther classified into two groups based on the serum AFP level at baseline: One
group with AFP levels within the reference value (<8.7 ng/ml) and another
group with elevated serum AFP levels (>8.7 ng/ml). Changes in the serum
AFP levels were expressed as AAFP (day 60 AFP level vs. day 0 AFP level)
and compared among the groups. Statistical comparisons between multiple
groups were performed using the Kruskal-Wallis test. P<0.05 was considered
to indicate a statistically significant difference.

the BCAA and zinc-enriched supplement. However, the
stratification analysis revealed a significant reduction in the
AAFP levels in the supplement group with elevated AFP
ievels at baseline compared with the other groups. Although

the reasons for the supplement-induced reductions in serum
AFP levels are unclear, our findings are supported by previ-
ously published studies. First, Hagiwara er al (22} reported
that BCAAs induce apoptosis in HCC cell lines by promoting
a negative feedback loop from the mammalian target of
rapamycin complex 1/56K1 to the PI3K/Akt pathway and by
suppressing the mammalian target of rapamycin complex 2
kinase activity towards Akt. Second, zinc stabilizes zinc
finger proteins, which bind to DNA, and Nakao ef ¢l, as well
as Xie ef al, reported that zinc fingers and homeocboxes 2 and
zinc finger and BTB domain-containing protein 20 repress
the postnatal expression of AFP by interacting with the AFP
gene promoter regions (23,24). Thus, BCAAs and zinc may
independently contribute to a reduction in serum AFP levels
by causing apoptosis of hepatoma cells and repressing AFP
expression.

In this study, the BCAA and zinc-enriched supplement
did not affect the platelet count, HOMA-IR value or HCV
RNA levels. Conversely, previous basic studies demonstrated
that valine, a BCAA, increased blood platelet counts in
carbon tetrachloride-treated cirrhotic rats (25). Leucine and
isolencine have been shown to improve insulin resistance
in mice fed a high-fat diet (26,27). Valine has been shown
to suppress HCV genome replication in 2 dose-dependent

— 775 —



2166 BAWAGUCHI ef al: BCAA AND ZINC-ENRICHED NUTRIENTS IMPROVE PROGMNOSTICATORS OF HCV-INFECTED PATIENTS

manner {28). Although the reason for the discrepancy
between these previouns studies and our study remains
unknown, BCA As may exert beneficial effects on the platelet
count, HOMA-IR value and serum HCV RNA levels only
under specific conditions. We also demonstrated that no
subjective symptoms were significantly improved by the
BCAA and zinc-enriched supplementation. BCAAs and zinc
have been previously reported to improve muscle cramps
and taste disorders (16,29,30), respectively. However, these
symptoms were mild in the study subjects at baseline. This
may explain why significant changes in muscle cramps and
taste disorders were not evident in this study.

In conclusion, we examined the effects of a BCAA and
zinc-enriched supplement on prognostic factors in HCV-infected
patients. There were no significant changes in platelet count,
serum albumin levels or HOMA-TR values. However, serum BTR
and zinc levels were significantly improved by the supplementa-
tion. In addition, a siratification analysis revealed a significant
reduction in AAFP levels in the supplement group, with an
increase in AFP levels compared with the other groups. In light
of these resulis, we conclude that the BCAA and zinc-enriched
supplement may improve prognosis in HCV-infected patients
by improving amino acid imbalance, reducing zinc deficiencies
and parily downregulating AFP expression.

Acknowledgements

The authors thank Dr Tatsuya Ide (Kurume University
School of Medicine), Dr Tatsuo Kanda (Chiba University)
and Dr Makoto Arai (Chiba University) for the collection of
data.

References

1. Kawaguchi T, Izumi N, Chariton MR and Sata M: Branched-chain
amino acids as pharmacological nutrients in chronic liver disease.
Hepatology 54: 1063-1070, 2011.

2. Kawaguchi T, Taniguchi E and Sata M: Effects of oral
branched-chain amino acids on hepatic encephalopathy and
outcome in patients with liver cirrhosis. Nutr Clin Pract 28:
580-588, 2013.

3. Ishikawa T, Kubota T, Horigome R, Kimura N, Honda H,
Iwanaga A, et al: Branched-chain amino acids to tyrosine ratio
(BTR) predicts intrahepatic distant recurrence and survival for
early hepatocellular carcinoma. Hepatogastroenterology 60: 2013.

4. Kawaguchi T, Shiraishi K, Ito T, Suzuki K, Koreeda C, Ohiake T,
et ol: Branched-chain amino acids prevent hepatocarcinogenesis
and prolong survival of patients with cirrhosis. Clin Gastroenterol
Hepatol in press, 2014.

5. Auld DS, Kawaguchi H, Livingston DM and Vallee BL:
RMNA-dependent DNA polymerase (reverse transcriptase) from
avian myeloblastosis virus: a zinc metalloenzyme. Proc Natl
Acad Sci USA 71: 2091-2095, 1974.

6. Kumar R, Maunning J, Spendlove HE, Kremmidiotis G,
McKirdy R, Lee I, er al: ZNF652, a novel zine finger protein,
interacts with the putative breast tumor suppressor CBFAZT3 to
repress transcription. Mol Cancer Res 4: 655-665, 2006.

7. Moriyama M, Matsumura H, Fukushima A, Ohkido K,
Arakawa Y, Nirei K, ef al: Clinical significance of evaluation of
serum zinc concentrations in C-viral chronic liver disease. Dig
Dis Sci 51: 1967-1977, 2006.

8. Katayama K, Sakakibara M, Imanaka K, Ohkawa K,
Matsunaga T, Naito M, ez al: Effect of zinc supplementation in
patients with type C liver cirrhosis. O J Gas 1: 22-28, 2011.

9. Matsumura H, Nirei K, Nakamura H, Arakawa Y, Higuchi T,
Hayashi J, ef al: Zinc supplementation therapy improves the
outcome of patients with chronic hepatitis C. J Clin Biochem
Nutr 51: 178-184, 2012.

10. Muito Y, Sato 8, Watanabe A, Moriwaki H, Suzuki K,
Kato A, er gl: Effects of oral branched-chain amino acid
granules on eveni-free survival in patients with liver cirrhosis.
Clin Gastroenterol Hepatol 3: 705-713, 2005.

11. Muto Y, Sato 5, Watanabe A, Moriwaki H, Suzuki K, Kaio A, eral:
Overweight and obesity increase the risk for liver cancer in patients
with liver cirrhosis and lfong-term oral supplementation with
branched-chain amino acid granules inhibits liver carcinogenesis in
heavier patients with liver cirrhosis. Hepatol Res 35: 204-214, 2006.

12. Kawaguchi T, Nagao Y, Matsuoka H, Ide T and Sata M:
Branched-chain amino acid-enriched supplementation improves
insulin resistance in patients with chronic liver disease. Ini J Mol
Med 22: 105-112, 2008.

13. Kawaguchi T, Taniguchi B, Itou M, Sumie S, Oriishi T,
Matsuoka H, er al: Branched-chain amino acids improve insulin
resistance in patients with hepatitis C virus-related liver disease:
report of two cases. Liver Int 27: 1287-1292, 2007.

14, NagaoV,Kawaguchi T, Ide T and Sata M: Effect of branched-chain
amino acid-enriched nutritional supplementation on interferon
therapy in Japanese patients with chronic hepatitis C virus
infection: a retrospective study. Virol J 9: 282, 2012.

13, Nagao Y, Kawaguchi T, Kakuma T, Ide T and Sata M:
Post-marketing surveillance study for efficacy and safety of
Aminofeel®, a branched chain amino acids-enriched supplement
including zinc. J New Rem & Clin 60: 198-215, 2011 (In Japanese)

16. Nagao Y, Matsuoka H, Kawaguchi T and Sata M: Aminofeel®
improves the sensitivity to taste in patients with HCV-infected
liver disease. Med Sci Monit 16: PI7-P12, 2010.

17. Kawaguchi T, Yoshida T, Harada M, Hisamoto T, Nagao ¥,
Ide T, er al: Hepatitis C virus down-regulates insulin receptor
substrates 1 and 2 through up-regulation of suppressor of
cytokine signaling 3. Am T Pathol 165: 1499-1508, 2004.

18. Dupont WD and Plummer WD Jr: Power and sample size calco-
lations. A review and computer program. Conirol Clin Trials 11:
116-128, 1990.

19. Suzuki K, Koizumi K, Ichimura H, Oka S, Takada H and
Kuwayama H: Measurement of serum branched-chain amino
acids to tyrosine ratio level is useful in a prediction of a change
of serum albumin level in chronic liver disease. Hepatol Res 38:
267-272,2008.

26. Riggio O, Merli M, Capocaccia L, Caschera M, Zullo A,
Pinto G, ez al: Zinc supplementation reduces blood ammonia
and increases liver ornithine transcarbamylase activity in experi-
mental cirrhosis. Hepatology 16: 785-789, 1992.

21. Chavez-Tapia NC, Cesar-Arce A, Barrientos-Guiierrez T,
Villegas-Lopez FA, Mendez-Sanchez N and Uribe M: A
systematic review and meta-analysis of the use of oral zinc in the
treatment of hepatic encephalopathy. Nutr J 12: 74, 2013.

22. Hagiwara A, Nishiyama M and Ishizaki 5: Branched-chain amino
acids prevent insulin-induced hepatic tumor cell proliferation by
inducing apoptosis through mTORC! and mTORC2-dependent
mechanisms. J Cell Physiol 227: 2097-2105, 2012.

23. Nakao K and Ichikawa T: Recent topics on alpha-fetoprotein.
Hepatol Res 43: 820-825, 2013.

24, Xie Z,Zhang H, Tsai W, Zhang Y, Du Y, Zhong J, e al: Zinc finger
protein ZBTB20 is a key repressor of alpha-fetoprotein gene tran-
scription in liver. Proc MNatl Acad Sci USA 105: 10859-10864, 2008.

25. Nakanishi C, Doi H, Katsura K and Satomi S: Treatment with
L-valine ameliorates liver fibrosis and restores thrombopoiesis
in rats exposed to carbon tetrachloride. Tohoku J Exp Med 221:
151-159, 2010.

26. Zhang Y, Guo K, LeBlanc RE, Loh D, Schwartz GJ and Yu YH:
Increasing dietary leucine intake reduces diet-induced obesity
and improves glucose and cholesterol metabolism in mice via
multimechanisms. Diabetes 56: 1647-1654, 2007.

27. Ikehara O, Kawasaki N, Maezono K, Komatsu M and Konishi A:
Acute and chronic treatment of L-isoleucine ameliorates glucose
metabolism in glucose-intolerant and diabetic mice. Biol Pharm
Bull 31: 469-472, 2008.

28. Ishida H, Kato T, Takehana K, Tatsumi T, Hosui A, Nawa T, er al:
Valine, the branched-chain amino acid, suppresses hepatitis C
virus RNA replication but promotes infectious particle formation.
Biochem Biophys Res Commun 437: 127-133, 2013.

29. Kugelmas M: Preliminary observation: oral zinc sulfate
replacement is effective in treating muscle cramps in cirrhotic
patients. J Am Coll Nutr 19: 13-15,2000.

30. Sako K, Tmamura Y, Nishimata H, Tahara K, Kubozono O and
Tsubouchi H: Branched-chain amino acids supplements in the
late evening decrease the frequency of muscle cramps with
advanced hepatic cirrhosis. Hepatol Res 26: 327-325, 2003.

— 776 —



J Gastroenterol
DOT 10.1007/s00535-014-0968-5

The Japanese Society
of Gastroenterology

The morbidity and associated risk factors of cancer in chronic
liver disease patients with diabetes mellitus: a multicenter field
survey

Takumi Kawaguchi - Motoyuki Kohjima - Tatsuki Ichikawa - Masataka Seike -
Yasushi Ide - Toshihiko Mizuta - Keichi Honda - Kazuhiko Nakao -

Makoto Nakamuta - Michio Sata

Received: 6 February 2014/ Accepted: 2 May 2014
© Springer Japan 2014

Abstract

Background and aims Diabetes mellitus is associated
with various cancers; however, little is known of the
relationship between cancer and diabetes in chronic liver
disease (CLD) patients. The aim of this study is to inves-
tigate the morbidity and associated factors of cancer,
including the use of anti-diabetics, in CLD patients with
diabetes.

Patients and methods We performed a multicenter survey
in 2012 and 478 CLD patients with diabetes were enrolled
(age 64.3 & 12.1 years, female/male 187/291). A

Electronic supplementary material The online version of this
article (doi:10.1007/500535-014-0968-5) contains supplementary
material, which is available to authorized users.

T. Kawaguchi (B<]) - M. Sata

Division of Gastroenterology, Department of Medicine and
Department of Digestive Disease Information & Research,
Kurume University School of Medicine, Kurume 830-0011,
Japan

e-mail: takumi @med kurume-u.ac.jp

M. Kohjima - M. Nakamuta
Department of Gastroenterology, Kyushu Medical Center,
Fukuoka, Japan

T. Ichikawa - K. Nakao

Department of Gastroenterology and Hepatology, Nagasaki
University Graduate School of Biomedical Sciences, Nagasaki,
Japan

M. Seike - K. Honda
Department of Gastroenterology, Faculty of Medicine, Oita
University, 1-1 Idaigaoka, Hasama-machi, Yuhu, Japan

Y. Ide - T. Mizuta

Division of Hepatology, Diabetes, Metabolism, and
Endocrinology, Department of Internal Medicine, Faculty of
Medicine, Saga Medical School, Saga University, Saga, Japan

Published online: 10 June 2014

frequency analysis of cancer and antidiabetic use was
performed. Independent factors for cancer were analyzed
using logistic regression and decision-tree analysis.
Results The morbidity of cancer was 33.3 %. Hepatocel-
Iular carcinoma (HCC) and extra-hepatic cancer were
diagnosed in 24.7 and 11.3 % of enrolled patients, respec-
tively. The frequency of antidiabetic use was 66.5 %. Of
prescribed antidiabetics, 39 % were dipeptidyl-peptidase 4
inhibitors; however, their use was not significantly associ-
ated with cancer. In contrast, the use of exogenous insulin
(OR 2.21; 95 % CI 1.16-4.21, P = 0.0165) and sulfonyl-
urea (OR 2.08; 95 % CI 1.05-3.97, P = 0.0353) were
independently associated with HCC and extra-hepatic
cancer, respectively. In decision-tree analysis, exogenous
insulin and sulfonylurea were also identified as a divergence
factor for HCC and extra-hepatic cancer, respectively.
Conclusions We found a high morbidity of not only HCC,
but also extra-hepatic cancer in CLD patients with diabetes.
We also showed a possible association between the use of
antidiabetics and the morbidity of cancer. Thus, a large-scale
cohort study is needed to establish a therapeutic strategy for
diabetes to suppress carcinogenesis in CLD patients.

Keywords Diabetes mellitus - Chronic liver disease -
Morbidity - Risk factor

Abbreviations

HCC Hepatocellular carcinoma

CLD Chronic liver disease

DPP-4  Dipeptidyl peptidase-4

AST Aspartate aminotransferase
APRL  AST to platelet ratio index
ALT Alanine aminotransferase

GGT Gamma-glutamyl transpeptidase
HbAlc Hemoglobin Alc
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HCV Hepatitis C virus

HBV Hepatitis B virus

MAPK Mitogen-activated protein kinase
IGF Insulin-like growth factor
Introduction

Diabetes mellitus is a known independent risk factor for a
number of different cancers [1]. Recently, population-
based studies and meta-analyses demonstrated that diabetes
mellitus is a potent risk factor for hepatocellular carcinoma
(HCC) [2, 3]. In addition, diabetes mellitus is a risk factor
for extra-hepatic cancers including pancreatic cancer, bile
duct cancer, and colon cancer [4-5], and is also known to
increase the risk of other extra-hepatic cancers, including
gynecologic cancers, respiratory tumors, and hematological
malignancies [7-9].

Diabetes mellitus consists of a number of diverse dis-
eases, including impaired insulin secretion and insulin
resistance. Patients with chronic liver disease (CLD) often
develop increased insulin resistance and pancreatic B cells
consequently secrete excess insulin in order to maintain
glucose homeostasis [10, 11]. Thus, hyperinsulinemia is a
feature of CLD patients with diabetes. Insulin is a potent
mitogen and promotes cell proliferation {12}, and hyper-
insulinemia is a risk factor for the development of cancer in
patients with diabetes mellitus [I, 13}. These previous
findings suggest a possible association between cancer and
diabetes in CLD patients; however, no practical data are
available for the morbidity of cancer in CLD patients with
diabetes.

Established risk factors for carcinogenesis include age,
sex, smoking, excessive alcohol intake, and chronic viral
infection [14]. In addition, we, along with others, have
reported a possible association between the use of anti-
diabetic agents and carcinogenesis [13, 1€]. The use of
sulfonylurea, an insulin secretagogue, and exogenous
insulin are associated with HCC and extra-hepatic can-
cers including pancreatic cancer, colon cancer, and
breast cancer [15-18]. Recently, dipeptidyl peptidase-4
(DPP-4) inhibitor has become widely used to treat dia-
betes mellitus because of its ability to lower glucose
levels with a low risk of hypoglycemia; however, a
possible association between the use of DPP-4 inhibitors
and cancer has never been investigated in CLD patients
with diabetes.

The aims of this study were to investigate the morbidity
of cancer and cancer-associated factors, including the use
of anti-diabetics, in CLD patients with diabetes.

@ Springer

Subjects and methods
Ethics

The study protocol conformed to the ethical guidelines of
the Declaration of Helsinki, as reflected in the prior
approval given by each institutional review board. None of
the subjects were institutionalized.

Study design

In 2012, we performed a multicenter cross-sectional study
to investigate the morbidity of cancer and cancer-associ-
ated factors, including the use of anti-diabetics, in CLD
patients with diabetes.

Subjects

Inclusion criteria were patients with (1) 20 years of age or
more, (2) CLD complicated with diabetes mellitus, and (3)
regular medical consultations with a hepatologist. Exclu-
sion criteria were (1) type 1 diabetes mellitus, juvenile
diabetes mellitus, or gestational diabetes mellitus, (2)
severe pancreatitis, (3) adrenal gland disease, (4) pituitary
disease, and (5) a gonadal disorder. We enrolled 478 CLD
patients with diabetes in this study from five medical
institutions in Japan.

Definition of CLD and its etiology

Regardless of the etiology of liver disease, chronic liver
disease was diagnosed on the basis of hepatic inflammation
that had lasted for more than 6 months, and findings of
histopathology, ultrasonography, computed tomography, or
magnetic resonance imaging.

The etiology of CLD was examined by biochemical
tests, imaging examinations, and/or liver biopsy as previ-
ously described [19-23]. Briefly, chronic hepatitis C was
diagnosed by positive results of anti-hepatitis C virus
(HCV) and/or HCV RNA [28]. Chronic hepatitis B was
diagnosed by positive results of hepatitis B surface antigen
and/or hepatitis B virus (HBV) DNA [20]. Autoimmune
hepatitis was diagnosed by the Diagnostic Criteria of the
International Autoimmune Hepatitis Group [21]. Primary
biliary cirrhosis was diagnosed based on the Clinical
Guideline of Primary Biliary Cirrhosis by the Intractable
Hepato-Biliary Disease Study Group [2Z]. Non-alcoholic
fatty liver disease was diagnosed based on the Practice
Guideline by the American Gastroenterological Associa-
tion, American Association for the Study of Liver Diseases,
and American College of Gastroenterology [12]. Alcoholic
liver disease was diagnosed according to the Diagnostic
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Criteria of Alcoholic Liver Disease by the Japanese Society

-

for Biomedical Research on Alcohol [Z3].
Definition of liver cirrhosis

Liver cirthosis was diagnosed by aspartate aminotransfer-
ase (AST) to platelet ratio index (APRI); serum AST level
(U/L)/upper limit of normal AST (33 U/L) x 100/platelet
count (x10%mL). APRI is a noninvasive index and can
predict liver cirrhosis. Patients with APRI values above 2
were diagnosed as with liver cirrhosis as previously
described [24].

Definition of diabetes mellitus

Diabetes mellitus was diagnosed on the basis of fasting
blood glucose levels >126 mg/dL or HbAlc levels >6.5 %
according to the Diagnostic Criteria for Diabetes Mellitus
[23], or by the use of anti-diabetic agents.

Definition of cancer

Cancer was defined as any type of malignant neoplasm
including epithelial and non-epithelial tumors. The diag-
nosis of cancer was based on finding(s) of histopathology
and/or by a combination of serum tumor makers and
imaging procedures such as ultrasonography, computed
tomography, magnetic resonance imaging, endoscopy, and/

or angiography.

Diagnosis of HCC

HCC was diagnosed by a combination of tests for serum
tumor makers such as alpha-fetoprotein and des-gamma-
carboxy prothrombin, and imaging procedures such as
ultrasonography, computed tomography, magnetic reso-
nance imaging, and/or angiography.

Definition of extra-hepatic cancer, digestive cancer,
and non-digestive cancer

Extra-hepatic cancer was defined as cancer in any organ
except for the liver, and was further classified as either
digestive cancer or non-digestive cancer. Digestive cancer
was defined as cancer in the oral cavity, esophagus,
stomach, colon, gallbladder, or pancreas. Cancer other than
digestive cancer was defined as non-digestive cancer. The
diagnosis of each cancer was based on finding(s) of his-
topathology and/or by a combination of serum tumor
makers and imaging procedures such as ultrasonography,
computed tomography, magnetic resonance imaging,
endoscopy, and/or angiography.

Definition of cardiovascular event

A cardiovascular event was defined as acute myocardial
infarction or stroke, the diagnosis of which was based on
clinical symptoms and findings of electrocardiogram
recordings, biochemical tests, echocardiography, coronary
angiography, computed tomography, or magnetic reso-
nance imaging as previously reported [2¢].

Diagnosis of diabetic retinopathy, diabetic
nephropathy, and diabetic neuropathy

Diagnosis of diabetic retinopathy, diabetic nephropathy,
and diabetic neuropathy was based on findings of urine and
biochemical tests, ophthalmoscopy, tendon reflex tests, and
vibration sense tests as previously described [27-29].

Database

Using on medical records, a database of 478 CLD patients
with diabetes was created on the basis of the following six
categories:

Category 1: age, sex, body mass index, and blood
pressure.

Category 2: any type of cancer, HCC, extra-hepatic
cancer, digestive cancer, and non-digestive cancer.
Category 3: cardiovascular disease, diabetic retinopathy,
diabetic nephropathy, and diabetic neuropathy.
Category 4: chronic hepatitis C, chronic hepatitis B, non-
alcoholic fatty liver disease, alcoholic liver disease,
autoimmune hepatitis, and primary biliary cirrhosis.
Category 5: platelet count, serum AST level, serum
alanine aminotransferase (ALT) level, serum gamma-
glutamyl transpeptidase (GGT) level, serum albumin
level, serum total bilirubin level, prothrombin activity,
serum total cholesterol level, and serum triglyceride
level.

Category 6: disease duration of diabetes mellitus, fasting
blood glucose level, blood hemoglobin Alc (HbAlc;
National Glycohemoglobin Standardization Program;
NGSP), and use of a DPP-4 inhibitor, sulfonylurea,
exogenous insulin, o-glucosidase inhibitor, biguanide,
glinide, thiazolidine, and glucagon-like peptide 1 agonist.

Statistical analysis

Data are expressed as the number or mean =+ standard
deviation (SD). Nonparametric comparisons were made
using the Wilcoxon signed-rank test, and categorical
comparisons were made using Fisher’s exact test. Inde-
pendent factors for cancer were analyzed using logistic
regression and decision-tree analysis as described
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previously [30, 21]. The level of statistical significance was
set at P < 0.05.

Results
Patient characteristics

The patient characteristics are summarized in Table 1. The
mean age was 64.3 years and the ratio of women to men
was 1:1.56. Chronic hepatitis C and non-alcoholic fatty
liver disease were the major etiologies of chronic liver
disease. Liver cirrhosis was seen in 14.9 % of enrolled
patients. APRI values were significantly higher in patients
with chronic hepatitis C, chromnic hepatitis B, and alcoholic

liver disease (Supplementary Table 1).

Table 1 Patient characteristics

Subjects
N 478
Age (years) 64.3 £ 12.1
Sex (female/male) 1871291
Body mass index (kg/m?) 24.5 4= 4.2
Systolic/diastolic blood pressure (mmlklg) 128.9 + 12.4/
74.6 & 123

Etiology of chronic liver disease
Chronic hepatitis C

Chronic hepatitis C with sustained virologic
response by interferon therapy

Chronic hepatitis B
Non-alcoholic fatty liver disease
Alcoholic liver disease
Autoimmune hepatitis
Primary biliary cirrhosis
Others

Biochemical examinations
Platelet count (3 10°/mm?)
AST (U/L)
ALT (TU/L)
GGT (IU/L)
Albumin (g/dL)
Prothrombin time (%)
Total bilirabin (mg/dL)
Total cholesterol (mg/dL)
Triglyceride (mg/dL)
Presence of liver cirrhosis
APRI

38.1 % (182/478)
8.6 % (41/478)

7.3 % (35/478)
29.5 % (141/478)
6.9 % (33/478)
5.4 % (26/478)
2.5 % (12/478)
1.7 % (8/4783)

16.1 =74
43.0 & 30.6
42.2 & 36.1
774 £ 122.8
3.93 £ 0.58
91.5 +20.2
0.88 & 042
1724 4= 38.4
129.2 £ 94.8
14.9 % (71/407)
111 +£1.18

The variables associated with diabetes mellitus are
summarized in Table 2. The mean HbAlc level was 6.5 %.
The morbidity of diabetic retinopathy, diabetic nephropa-
thy, and diabetic neuropathy were 10.4, 12.1, and 5.8 %,
respectively.

Overall, 66.5 % (318/478) patients were treated with an
antidiabetic agent. DPP-4 inhibitor was the most frequently
prescribed (39.0 %), followed by sulfonylurea (25.5 %)
and exogenous insulin (25.5 %) (Table 2).

The morbidity of cardiovascular disease

The morbidity of cardiovascular discase was 6.1 % (29/
478) and there were no etiological differences in the mor-
bidity of cardiovascular disease (Supplementary Table 2).

The morbidity of cancer

The morbidity of cancer was 33.3 % (159/478). Among the
patients with cancer, multiple primary tumors were found
in 10.0 % of cases (9.4 and 0.6 % for double and triple
cancer, respectively). The overall morbidity of HCC was
24.7 % (118/478) (Fig. ia) and patients with chronic
hepatitis C, chronic hepatitis B, and alcoholic liver disease
showed significantly higher morbidity of HCC (Supple-
mentary Table 2).

The morbidity of extra-hepatic cancer was 11.3 % (54/
478) (Fig. la). Amongst the patients with extra-hepatic
cancer, digestive cancer and non-digestive cancer

Table 2 Glucose metabolism, complications of diabetes, and use of
anti-diabetic medication

Subjects (n = 478)

Disease duration of diabetes mellitus (year) 54 +£56
Fasting blood glucose (mg/dL) 135.7 + 44.4
HbAlc (%) 6.5 + 0.9

10.4 % (48/478)
12.1 % (56/478)
5.8 % (27/478)
66.5 % (318/478)
39.0 % (124/318)
25.5 % (81/318)
25.5 % (81/318)
23.9 % (76/318)

Diabetic retinopathy
Diabetic nephropathy
Diabetic neuropathy

Use of anti-diabetic agent
DPP-4 inhibitor
Sulfonylurea

Exogenous insulin
o-Glucosidase inhibitors

Metformin 16.7 % (53/318)
Glinides 8.8 % (28/318)
Pioglitazone 6.6 % (21/318)

GLP-1 agonists 5.3 % (17/318)

Data are expressed as number or mean % SD

AST aspartate aminotransferase, ALT alanine aminotransferase, GGT

gamma-glutamyl transpeptidase, APRI AST to platelet ratio index

@ Springer

Data are expressed as number or mean + SD

HbAlc hemoglobin Alc, DPP-4 dipeptidyl-peptidase 4, GLP gluca-
gon-like peptide
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Fig. 1 a The morbidity of hepatocellular carcinoma and extra-
hepatic cancer. b The morbidity of digestive cancer and non-digestive
cancer
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Fig. 2 Decision-tree algorithm for hepatocellular carcinoma. The
subjects were classified according to the indicated cutoff value for
each variable. The pie graphs indicate the proportion of patients with
no hepatocellular carcinoma (white) and patients with hepatocellular
carcinoma (black) in each group. HCC hepatocellular carcinoma,
HCYV hepatitis C virus, HBV hepatitis B virus

accounted for 5.6 % (27/478) and 6.5 % (31/478) of cases,
respectively (Fig. 2b). There were no etiological differ-
ences in the morbidity of extra-hepatic cancer, digestive
cancer, and non-digestive cancer (Supplementary Table 2).

Logistic regression analysis for cancer

In this analysis, non-alcoholic fatty liver disease, alcoholic
liver disease, and APRI were not identified as independent
factors associated with HCC. Age, chronic hepatitis C,
chronic hepatitis B, and male gender were found to be
independent risk factors for HCC (Table 3). Although
HbAlc was not an independent risk factor, use of exoge-
nous insulin was identified as an independent risk factor for
the incidence of HCC (OR 2.21; 95 % CI 1.16-4.21;
P = 0.0165) (Table 3). The use of sulfonylurea was iden-
tified as an independent risk factor for extra-hepatic cancer
(OR 2.08; 95 % CI 1.05-3.97; P = 0.0353) (Table 3).
Even when patients with chronic hepatitis C and chronic
hepatitis B were excluded from the analysis subjects, use of
exogenous insulin or sulfonylurea was also identified as an
independent risk factor for the incidence of HCC or extra-
hepatic cancer, respectively (Supplementary Table 3 and 4).

Decision-tree algorithm for HCC

In order to clarify the profile of HCC patients, a decision-
tree algorithm was created using five divergence variables
to classify six groups of patients (Fig. 2). An age of
57 years was the cutoff value for the initial classification.
Among those patients aged >57 years, diagnosis of chronic
hepatitis C was the variable for the second division. Among
the patients with no hepatitis C virus (HCV) infection,
diagnosis of chronic hepatitis B was the third division, and

Table 3 Logistic regression analysis for the incidence of HCC and
extra-hepatic cancer

Event Factors Unit Logistic regression analysis
Odds 95 % P value
ratio  confidence

interval
HCC Age 1 1.12 1.08-1.15 <0.0001
Chronic N/A 520 2.88-9.81 <0.0001
hepatitis C
Chronic N/A 1026 3.98-27.6 <0.0001
hepatitis B
Male N/A 250  1.44-445 0.0010
Use of N/A 221 116421 0.0165
exogenous
insulin
HbAlc 1 0.82  0.60-1.11 0.2046
GGT 1 1.00  0.999-1.002 0.2009
Extra- Age 1 1.04  1.02-1.07 0.0008
hepatic Sulfonylurea N/A 2.08  1.05-3.97 0.0353
ACEE Chronic N/A 056  030-1.00 0.0532
hepatitis C

GGT gamma-glutamyl transpeptidase, HbAIc hemoglobin Alc
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among the patients with no hepatitis B virus (HBYV)
infection, gender was the fourth division. Then, among
male patients, the use of exogenous insulin was the fifth
division. Thus, 63.6 % of patients had HCC from among
those who were aged =57 years, had no HCV or HBV
infection, were male, and used exogenous insulin (Group 6;
Fig. 2). On the other hand, 16.1 % of the patients not
treated using exogenous insulin had HCC (Group 5;
Fig. 2). In this analysis, non-alcoholic fatty liver disease or
alcoholic liver disecase was not identified a divergence
variable for HCC.

Even when patients with chronic hepatitis C and chronic
hepatitis B were excluded from the analysis subjects, use of
exogenous insulin was also a divergence variable for the
incidence of HCC (Supplementary Figure 1A and B).

Decision-tree algorithm for extra-hepatic cancer

In order to clarify the profile of extra-hepatic cancer
patients, a decision-tree algorithm was created using two
divergence variables to classify three groups of patients
(Fig. 3). An age of 78 years was the cutoff value for the
initial classification. Among the patients who were aged
>78 years, the use of sulfonylurea was the second division.
Thus, 56.2 % of the patients aged >78 years and treated
with sulfonylurea had extra-hepatic cancer (Group 3;
Fig. 3). On the other hand, 21.3 % of the patients who were
not treated with sulfonylurea had extra-hepatic cancer
(Group 2; Fig. 3). Although it was not statistically signif-
icant, a tendency of high incidence of digestive cancer was
seen in the sulfonylurea group compared to the non-sul-
fonylurea group in patients with extra-hepatic cancer (68.8
vs. 42.1 % P = 0.0738).

Mode! building
n=478

11.3%@

<78 years old r—‘—-‘ 278 years old
Age
i [ Bsa | 1

n=415 n =63

8.4%
30.1%,
N

Group 1 o 2 Yes
Sulfonylurea

n=47 n=16
21.3%
@ 56.2% O

Group 2 Group 3

E Patients with exira-hepatic cancer

D Patients with no extra-hepatic cancer

Fig. 3 Decision-tree algorithm for extra-hepatic cancer. The subjects
were classified according to the indicated cutoff value for each
variable. The pie graphs indicate the proportion of patients with no
extra-hepatic cancer (white) or patients with extra-hepatic cancer
(black) in each group

A Springer

Even when patients with chronic hepatitis C and chronic
hepatitis B were excluded from the analysis subjects, use of
sulfonylurea was also a divergence variable for the inci-
dence of extra-hepatic cancer (Supplementary Figure 2A
and B).

Discussion

In this study, we found that there was a high morbidity of
both HCC and extra-hepatic cancer in CLD patients with
diabetes. Moreover, the use of sulfonylurea and exogenous
insulin was independently associated with the risk of HCC
and extra-hepatic cancer, respectively.

The morbidity of cardiovascular disease was 6.1 % in
this study. In contrast, Limori et al. reported that the
morbidity of cardiovascular disease was 26.8 % in diabetic
patients [32]. It is unclear why there is a difference in the
morbidity for cardiovascular disease between this previous
study and our study; however, a possible explanation is the
difference in etiology of diabetes mellitus. In this study, we
enrolled CLD patients with diabetes. Serum cholesterol
level is associated with atherosclerosis and subsequent
microvascular and macrovascular events [33]. Since cho-
lesterol synthesis is impaired in patients with chronic liver
disease, the morbidity of cardiovascular disease may be
relatively low in CLD patients with diabetes. In fact, the
average level of cholesterol was in the normal range in this
study and the morbidities of microvascular complications
such as diabetic retinopathy, nephropathy, and neuropathy
were lower than previously reported [34-36]. These find-
ings support our hypothesis and suggest that a low mor-
bidity of cardiovascular disease may be a feature of CLD
patients with diabetes.

In this study, the morbidity of HCC was 24.7 %. This
study was conducted in center hospitals for liver disease,
and therefore, institutional bias may partly explain this
finding. We also note that there was a high morbidity of
extra-hepatic cancer. There are generally more opportuni-
ties to coincidentally detect digestive cancer in patients
with chronic liver disease, as they are frequently examined
by abdominal computed tomography and upper gastroin-
testinal endoscopy. In addition, we revealed that the mor-
bidity of digestive cancer was similar to that of non-
digestive cancer, indicating that carcinogenic potential may
be higher in CLD patients with diabetes. An increased
insulin resistance and subsequent hyperinsulinemia is a
hallmark of CLD patients with diabetes [10, 11]. Insulin
binds to the insulin receptor and activates the insulin
receptor  substrate/mitogen-activated  protein  kinase
(MAPK)/extracellular signal-regulated kinase cascade
[13]. Insulin can also bind to the insulin-like growth factor
(IGF)-1 receptor and subsequently activate the Raf/MAPK
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kinase/MAPK pathway [37]. Moreover, excess insulin
competes with IGF-1 binding to the IGF-binding protein,
resulting in an increase in the serum level of IGF-1, which
is a potent stimulator of carcinogenesis [13]. Taken toge-
ther, hyperinsulinemia may be one of the causes of the high
morbidity of cancer in CLD patients with diabetes.

The possible relationship between the use of antidiabetic
agents and carcinogenesis remains a controversial issue. In
this study, we found that DPP-4 inhibitor was the most
frequently prescribed agent, accounting for 39.0 % of all
prescribed antidiabetic agents. Although we could not
evaluate the period of antidiabetic mediation and this study
was not designed to investigate a relationship between use
of anti-diabetic agents and carcinogenesis, Kissow et al.

[38] reported that DPP-4 inhibition did not accelerate .

neoplasia in carcinogen-treated mice, and White et al. [3%]
reported that the incidence of cancer was similar with DPP-
4 inhibitor and placebo in diabetic patients with acute
coronary syndrome. Likewise, in this study, we found that
the use of DPP-4 inhibitor was not an independent risk
factor for cancer in CLD patients with diabetes. However,
logistic regression analysis revealed that the use of exog-
enous insulin and sulfonylurea was an independent risk
factor for HCC and extra-hepatic cancer, respectively.
Similar findings were also seen, even when patients with
chronic hepatitis C and chronic hepatitis B were excluded
from the analysis subjects. Both exogenous insulin and
sulfonylurea increase the serum insulin level, which in turn
could up-regulate mitosis and cell growth [iZ]. We and
other groups have previously demonstrated that the use of
exogenous insulin is a risk factor for HCC [15, 40], and
sulfonylurea has been shown to be a risk factor for extra-
hepatic cancers such as colon cancer [41] and pancreatic
cancer [17]. Thus, the results of this study concur with
those of previous reports.

Finally, we performed a decision-tree analysis, reveal-
ing that age was the first divergence factor for the inci-
dence of both HCC and non-hepatic cancer. These
findings indicate that aging is the most significant car-
cinogenic factor for cancer. In the decision-tree analysis,
liver function tests and APRI were not divergence vari-
ables for the incidence of HCC. Since only 14.9 % of the
enrolled patients were liver cirrhosis in this study, liver
cirrhosis might not be selected as a factor associated with
the incidence of HCC because of insufficient mumber of
cirrhotic patients. In the algorithm for HCC, the use of
exogenous insulin was not a significant risk factor in
HCV-infected or HBV-infected patients, suggesting that
HCV or HBV infection may dilute the impact of exoge-
nous insulin on HCC. However, the use of exogenous
insulin was a significant risk factor for male patients.
Similarly, the use of exogenous insulin was a divergence
variable for male patients, even when patients with

chronic hepatitis C and chronic hepatitis B were excluded
from the analysis subjects. IGF-1 is known to stimulate
androgen receptor activity, through a  integrin-dependent
mechanism, which also plays an important role in cancer
progression [4Z] and might explain this gender-specific
component of cancer risk.

For extra-hepatic cancer, sulfonylurea rather than
exogenous insulin was found to be the second most sig-
nificant risk factor. Similarly, the use of sulfonylurea was
the second most significant risk factor for extra-hepatic
cancer, even when patients with chronic hepatitis C and
chronic hepatitis B were excluded from the analysis sub-
jects. Sulfonylurea administration results in the increased
expression of ATP-sensitive potassium channels, which in
turn promotes insulin secretion from pancreatic beta cells
as well as proliferation of various types of cancer cells in
culture [43, 44]. Thus, in addition to a hyperinsulinemia-
dependent mechanism, sulfonylurea may also directly
increase the carcinogenic potential in very elderly patients.
The association of anti-diabetic agents with cancer may
therefore differ with the presence of other carcinogenic
factor(s).

A limitation of this study is that we could not evaluate
the precise duration of anti-diabetic medication. To
investigate causal relationship between the use of anti-
diabetic agents and carcinogenesis, further study will be
focused on the duration of anti-diabetic medication.

In conclusion, in this study, we found that there is a high
morbidity of both HCC and extra-hepatic cancer in CLD
patients with diabetes. This study also revealed that the use
of sulfonylurea and exogenous insulin were risk factors for
HCC and extra-hepatic cancer, respectively, in CLD
patients with diabetes. Thus, a large-scale cohort study is
needed to identify therapeutic strategies for diabetes to
suppress carcinogenesis in CLD patients.
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Interleukin 28B polymorphism predicts interferon plus
ribavirin treatment outcome in patients with hepatitis C

virus-related liver cirrhosis: A mult
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Aim: This study evaluated the efficacy of interferon plus
ribavirin and examined whether interleukin 28B (IL28B)} poly-
morphism influenced treatment outcome in Japanese patients
with hepatitis C virus (HCV)-related liver cirrhosis (LC).

Methods: Fourteen collaborating centers provided details
of 261 patients with HCV-related LC undergoing treatment
with interferon plus ribavirin. Univariate and multivariate
analyses were used to establish which factors predicted treat-
ment ouicome.

Results: Eighty-four patients {32.2%) achieved a sustained
virplogical response (SVR). SVR rates were 21.6% (41/190) in
patients with HCV genotype 1 with high viral load (G1H) and
60.6% {43/71) in patients with non-GTH. In patients with non-
G1H, treatment outcome was effective irrespective of 1L288
polymorphism. In those with G1H, 5VR was achieved in 27.1%
of patients with the IL28B rs8099917 TT allele compared with
8.8% of those with the TGIGG alleles (P = 0.004). in patients

with G1H having TT allele, ireatmenis longer than 48 weeks
achieved significantly higher SVR rates than treatments less
than 48 weeks (34.6% vs 16.4%, P = 0.042). in patients with
G1H having TG/GG alleles, treatments longer than 72 weeks
achieved significantly higher SVR rates than treatments less
than 72 weeks (37.5% vs 4.1%, P = 0.010).

Conclusion: Interferon plus ribavirin treatment in Japanese
patients with non-G1H HCV-related LC was more effective
than those with G1H and not influenced by IL28B palymaor-
phism. In those with G1H, IL28B polymorphism may predict
SVR and guide treatment duration: 5VYR rates were higher in
those with the TT allele ireated for more than 48 weeks and
those with the TG/GG alleles treated for more than 72 weeks.

Key words: cirrhosis, hepatitis C virus, interferon,
interleukin 28B, ribavirin
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INTRODUCTION

HRONIC HEPATITIS C virus (HCV) infection is a
leading cause of liver cirthosis worldwide,  Patients
with HCV-related liver cirrthosis (LC) are at increased
risk of hepatic decompensation and hepatocellular
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carcinoma (HCC).>™* The therapeutic goal in these
patients should be the prevention of liver-related mor-
tality. A randomized trial conducted in Japan was the
first to suggest that interferon (IFN) may reduce the risk
of HCC in patients with HCV-related LC.” Recent studies
have shown that patients with HCV-related LC who
achieved a sustained virological response {SVR) with
antiviral therapy had a significant reduction in liver-
related mortality.®” However, patients with HCV-related
LC show a lower SVR rate than non-cirthotic patients, as
well as a reduced tolerance to the therapy.®® A previous
meta-analysis revealed that the overall SVR rate in
paiienis with cirrhosis was 33.3%, and was significantly
higher in patients with HCV genotypes 2 and 3 (55.4%)
than in those with HCV genotypes 1 and 4 (21.7%)."°

Genome-wide association studies have recently
shown that single nucleotide polymorphisms (SNP)
near the interleukin 28B (IL28B) region (rs8099917,
13512979860} are the most powerful predictors of SVR
to pegylated (PEG) IFN plus ribavirin in patients with
HCV genotype 1 infection.’'”"” However, it is not clear
whether IL28B polymorphism can be used to predict the
virological response to treatment of HCV-related LC.
This study evaludted the efficacy of IFN plus ribavirin,
and the association between IL28B pelymorphism and
the treatment efficacy in Japanese patients with HCV-
related LC.

METHODS

HIS WAS A multicenter retrospeciive study of

patients with HCV-related LC who had received
treatment with IFN plus ribavirin in 14 hospitals in
Japan.

Patient selection

Data were collected from 290 patients with HCV-related
LC receiving treatment with [FN plus ribavirin in 14
academic and-community hospitals. All patients had
compensated HCV-related LC with clinical or histologi-
cal data available. The diagnosis of cirrhosis met at least
one of the following criteria: liver biopsy specimens
with cirrhosis, diffuse formation of the nodules on the
liver surface in peritoneoscopy, over 12.5 kPa in liver
stiffiness values on transient elastography, signs of portal
hypertension on ultrasound scan (splenomegaly, portal
vein enlargement, re-permeabilization of the umbilical
vein; or presence of portal-systemic shunts), presence
of esophageal wvarices on endoscopy or positive
values using the following discriminant by Tkeda
and colleagues: z=10.124 x (y-globulin [%]) + 0.001 x

© 2013 The Japan Society of Hepatology
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{(hyaluronate) {ug L™y - 0.075 x (platelet count
[x10* counts/mm’®}} - 0.413 xsex (male, 1; female,
2) ~2.005.1%'% Principal investigators in 14 hospitals
identified eligible patients and entered data in a pre-
defined database.

Combination therapy

Of the 290 patients identified, 29 were not genotyped
for IL28B SNP, thus the data of 261 patients were ana-
lyzed. A total of 190 patients were infected with HCV
genotype 1 with high viral load (>100 KIU/mL) (G1H)
(72.8%) and the remaining 71 {27.2%) were classified
as non-G1H. Twenty-two patienis were HCV genotype 1
with low viral load, 46 were genotype 2a-or 2b, and
three were of unknown genotype. Two hundred and
twenty-four (85.8%) patients were treated with PEG
IPN-0-2b (1.5-1.0 pg/kg bodyweight per week), 20
(7.7%) patients were treated with PEG IFN-0-2a (45-
180 pg/week) and the remaining 17 (6.5%) patients
were treated with TFN-c-2b or IEN-8. IPN-0-2b and
IFN-B were administrated at a median dose of 6 million
units each day {seven times per week for the initial 2 or
4 weeks, followed by three times per week thereafter).
All patients also received oral ribavitin {600-1000 mg/
day). Median treatment duration was 48 and 28 weeks
in GIH and non-G1H, respectively. The individual
attending physician determined the treatment regimes
and their duration.

Virological response during therapy

and definitions -

The efficacy end-point was SVR, defined as undetectable
serum HCV RNA 24 weeks after treatment. Relapse was
defined as undetectable serum HCV RNA at the last
treatment visit but detectable serum HCV RNA again at
the last follow-up visit. Brealthrough was defined as
reappearance of serum HCV RNA duting treatment. A
non-responder was defined as serum HCV RNA never
undetectable during treatment. A rapid virological
response (RVR} was defined as undetectable serum HCV
RNA at treatment week 4, and a complete early virologi-
cal response (cEVR) was defined as undetectable serum
HCY RNA at treatment week 12. A late virological
response (LVR) was defined as detectable serum HCV
RNA at 12 weeks that became undetectable within 36
weeks of the start of treatment.

Determination of 1L28B genotype

{nterleukin 28B (rs8099917) was genotyped in each of
the 14 hospitals by Invader assay, TagMan assay or by
direct sequencing, as previously described.!”!*
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Statistical analysis

Results were analyzed on the intention-to-treat prin-
ciple. Mean differences were tested using Student’s -test.
The difference in the frequency distribution was ana-
tyzed with Fisher's exact test. Univariate and multivari-
ate logistic regression analyses were used to identify
faciors independently associated with SVR. The odds
ratios {OR) and 95% confidence intervals (95% CI)
were also calculated. The parameters that achieved sta-
iistical significance on univariate analysis were entered
into multivariate logistic regression analysis to identify
significant independent factors. Data were analyzed
with JMP version 9.0 for Maciniosh (8AS institute, Cary,
NC, USA). All siatistical analyses were two sided, and
P < 0.05 was considered significant.

RESULTS

% FTHE 261 patients included in our analysis, 84
./ patients (32.2%) achieved SVR (Fig. 1). The rate
of relapse and breakthrough was 24.9% and the
non-responder rate was 33.3%. There were 25 patienis
(9.6%) who required early discontinuation of treatment
because of adverse events. Baseline demographic and
clinical features are summmarized in Table 1. The age of
the patients was 60.7 + 8.9 years and 50.6% were male.
Of the patients studied, 125 patients {47.9%) had been
treated with IFN previously, and 75 {28.7%) had not
responded to previous treatment. One hundred and six
patients {40.6%) had been treated for HCC before.
There were 85 patients with esophageal varices {32.6%).

1L28% genotype and treatment ouicome in cirthosis

9585

There were 190 patients with G1H and 133 (70%) of
these had the TT allele a1 IL28B 138099917, There were
71 patients in the non-G1H group, 51 (71.8%) of whom
were found 0 have the TT allele at IL28B 138099917.

Virological response rates in patients with
G1H and non-G1H HCV-related LC

The SYR rates were 21.6% (41/190) in patients with
GLIH and 60.6% (43/71) in patients with non-G1H
(Table 2). There were no statistically significant differ-
ences between the G1H and non-GIH groups with
regard to dose reduction rates of IFN or ribavirin. Dose
reduction of IFN was required in 51.3% of patients
and dose reduction of ribavirin in 53.6% of paiients.
Treatment duration in patients in the G1H group was
significantly longer than those in the non-G1H group
(P=0.010).

Association between L28B rs8099917
genotype and treatment response

Sustained virological response was achieved in 37.0% of
patients with the 158099917 TT allele and 20.8% in
those with the TG or GG allele. Virological responses,
including SVE, relapse and breakthrough, in patients
with the 158099917 1T allele were significantly
higher than in those with 158099917 TG or GG allele
{P=0.013 and 0.012, respectively; Table 3). The pro-
portion of non-responders among patients with the
158099917 TG or GG allele was significanily higher than
in those with the TT allele (P=0.002). There was no

| No. bpratievr»ﬁsb

N=200
|
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Table 1 Summary of demographic and baseline characteristics (1= 261}

G1H, n=190 Other than G, n=71 All patients, n= 261
Sex (M F} 95:95 37:34 132:129
Age {years) 60.5+£9.3 61.2+7.8 60.7 £8.9
BMI {kg/m?) 238%3.5 23.4+32 23.7+3.4

IFN treatment history
HCC treatment history
Presence of EV

Total bilirubin (mg/dl}
AST (1U/L)

ALT (1U/L)

GGT (1U/L)

Albumin (g/dL}
Prothrombin {%)
WEC (/L)
Hemoglobin (g/dL}
Platelets (10%/mm?®)
AFP [ng/mL)

DCP (mAU/mL)
11288 (TT: TG + GG)

91 (47.5%)
75 (39.5%)
60 (31.6%)
11209
79.1%44.2
824%56.4
83.8+107.8
3.7+05
86.2+14.4
4407 + 1592
13.2+18
11.8%6.7
48.9+2247
66843723
133:57

34 (47.9%)
31 (43.7%)
25 (35.2%)
1.1+1.4
75.8+57.7
81.5+75.4
87.0+140.1
3.8+£04
83.7£16.7
4190+ 1930
13.1£18
118463
24.0+293
155.3 +620.4
51:20

125 (47.9%)
106 {40.6%)
85 {32.6%)
11212
79.9+52.7
83.3+£66.2
84.6+115.8
3705
855+ 15.1
4348 £ 1667
13.1+1.8
118+ 6.6
45.4+193.9
92.4 +450.8
184:77

All values are expressed as mean * standard deviation,
AFP, a-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; DCP, des-y-catboxy

prothrombin; EV, esophageal varices; G1H, genotype 1 with high viral load; GCT, y-glutamyltrausferase; HCC, hepatocellular
carcinoma; 1FN, interferon; 1IL28B, interleukin 28B rs8099917 genotype; WBC, white blood cell,

significant association between the IL28B genotype and
the incidence of adverse events.

Among patients in the G1H group, SVR was achieved
in 27.1% (36/133) of those with the TT allele and 8.8%

Table 2 Summary of treatment and sustained virological response rates {n =261}

(5/57) of those with the TG or GG allele {Table 4)}.
There was no statistically significant difference between
IL28B genotype and viral response in patients with
non-G1H.

G1H, n=190

Other than G1H, n=71

All patients, nn =261

Dose reduction of IFN
Dose reduction of RBV

Treatment duration {weeks)

Mean = 8D
Median
SYR

n=98 (51.6%)
n=107 {56.3%])

453+21.6
48
n=41 (21.6%)

n=36 (50.7%)
n=33 (46.5%)

37.7419.6
28
n=43 (60.6%)

n=134 (51.3%)
n=140 (53.6%)

432+21.4
48
n =84 (32.2%)

G1H, genotype 1 with high viral load; 1EN, interferon; RBY, ribavirin; SD, standard deviation: SVR, sustained virological response,

Table 3 Association between 1L28B 158099917 polymorphism and treatment response in 261 hepatitis C virus-related liver

cirrhotic patients

1L28B T (n=184) TG+ GG (n=77]) P-value
SVR 68 (37.0%) 16 (20.8%) 0.013
Relapse and breakthrough 54 {29.3%]) 11 {14.3%;) 0.012
Non-responder 44 (23.9%) 43 {55.8%) 0.002
Discontinuation 18 {9.8%) 7 {9.1%} 1.000

1L28B, interleukin 28B 158099917 genoiype; SVR, sustained virological response,

©® 2013 The Japan Society of Hepatology
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Table 4 Sustained virological response associated between 11288 158099917 polymorphism and G1H in hepatitis C virus-related

liver cirrhosls patients

iL28B TT (n=184)

G111 36/133 (27.1%)

Other than GIH 32/51 {62.7%)

TC+GC (n=77) P-value
5/57 (8.8%) 0.004
11/20 (55.0%) 0.596

C1H, genotype 1 with high viral load; 1L28E, interleuldn 288 rs8099917 polymorphism.

Predictive factors associated with SVR

Differences in the characteristics of patients with SVR
and those in whom SYR was not achieved are summa-
rized in Table 5. Neither age, sex, alanine transaminase,
aspariaie  aminotransferase, prothrombin  activity,
hemoglobin nor platelet counts appeared to signifi-
cantly influence the chance of achieving SVR. The
patients who achieved SVR had a lower body mass
index, higher white blood cell count and higher serurn
albumin than those who did not, and were more likely
to have non-G1H and the TT allele of 11283 188099917,
Multivariate analysis identified that possession of the
IL28B 158099917 TT allele {OR=2.85; 95% (I, 1.01~
9.15; P=0.047) and non-G1H {OR=6.459; 95% (],
1.77-26.43; P=0.005) as significant determinants of
SVR.

Treatment duration and efficacy in patients
with G1H

Of the patients with G1H, 79 {41.6%) received less than
48 weeks of treatment. The number receiving 48-52
weeks, 53-72 weeks, over 72 weeks and unknown dura-
ton of treatment were 54 (28.4%), 41 (21.6%), 14
(7.4%) and two (1.1%), respectively. The median dura-
tdon of treatment in patients who achieved RVR and
cEVR was 48 weeks, but was significantly longer (66
weeks) in those with an LVR (P < 0.001). Table 6 shows
the SVR tates of those with different IL28B genotypes

and on-treatment viral response. The SVR rate in
patients who achieved LVR was significantly lower than
those who achieved RVR and ¢BVR (P =0.002). Of the
patients with G1H found to have the 1L28B TG or GG
genotype, none achieved RVR and only two achieved
CEVR.

Predictors of SVR in patients with G1H and
the TT allele

Patients with G1H and the TT allele who achieved SVR
had higher platelet counts, higher seram albumin and
had undergone over 48 weeks of treatment. Multivariate
analysis identified platelet count (OR=1.08; 35% CI,
1.01-1.18; P=0.047}, serum albumin {OR=2.78;
95% CI, 1.14-7.42; P=0.031) and over 48 weeks of
treatment duration (OR=2.53; 95% CI, 1.07-6.49;
P=0.042) as significant determinants of SVR {Table 7).

Predictors of SVR in patients with G1H and
the TG or GG allele

Patients who had G1H and the TG or GG allele who
achieved SVR had a higher total dose of ribavirin
{P=0.011} and more than 72 weeks of treatment dura-
tion (P=0.010).

Treatment tolerability and adverse events

Table 8 illusirates details of the patients who experi-
enced adverse events higher than grade 2. There were

Table 5 Faciors associated with sustained virological response in hepatitis C virus-related liver cirrhosis patients

Factors SVR (+), (n =284} SVR (=), (n=177) P-value Multivariate analyses

Odds ratio 95% CI P-value
BMI (kg/m?) 229%35 240433 0.019
WBC (/uL) 4727 £2096 4168 + 1376 0.013
Albumin (g/dL) 3.8340.48 3.68 +0.46 0.018
Other than G1H =143 (51.2%) =28 {15.8%) <0.001 56.49 1.77-26.43 3.005
1L28BTT n=68 (81.0%) n=116 {65.5%) 0.012 2.85 1.01-9.15

0.047

P-values were obtained by logistic regression model,

BMI, body mass index; Cl, confidence interval; G1H, genotype 1 with high viral load; 12288, inierleukin 28B 158099917 polymorphism;

SVR, sustained virological response; WBC, white blood cell.

® 2013 The Japan Society of Hepatology
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Table 6 Sustained viral response rates between IL28B geno-
type and on-treatinent viral response in the patients with G1H

1L28B TT 1L28B TG/GG All patients
RVR 7/7 /0 7/7
100% 0% 100%
CBVR 15/26 1/2 16/28
57.7% 50% 57.1%
LVR 14/44 4/11 18/55
31.8% 36.4% 32.7%

cEVR, complete early virological response {defined as serum
HCV RNA negative at treatment week 12}; G1H, genotype 1 with
high viral load; HCV, hepatitis C virus; IL28B, interleukin 288
1s8099917; LVR, late virological response (defined as serum HCV
RNA detectable at 12 weeks and undetectable at 36 weeks after
the start of treatment); RVR, rapid virological response (defined
as serum HCV RNA negative at treatment week 4}.

iwo cases of liver decompensation, two cases of intersti-
tial pneumnonia, one case of cerebral hemorrhage and
one case of cerebral infarction. The cause of death in two
patients was decompensation of LC. In one patient,
treatment was stopped after 4 weeks, and in another,
treatment was stopped afier 32 weeks because of hepatic
failure. The IFN dose was reduced in 134 patients
{51.3%), and the ribavirin dose was reduced in 140
patients (53.6%) and discontinued in 60 patients
(23.0%). Among patients who had treatment discontin-
ued, 27 patients {10.3%) had treatment withdrawn
because of no virological response and 33 patients
{12.6%) because of severe adverse events. In patients in
whom treatment was discontinued, three patients had
SVR and five had a relapse.

IL28B alleles predicting SVR in G1H group

The influence of IL28B 158099917 genotype on SVR
in G1H is shown in Figure 2. Overall, there were 84
patients (32.2%) who achieved SVR with IFN plus
ribavirin in HCV-related LC. The SVR was 60.6% in those
with non-G1H, and was not significantly influenced by

Hepatology Research 2014; 44: 983-992

Table § Adverse events higher than grade 2

No. of
patients (%)

Anemia

63 (24.1%)
Thrombocytopenia 31{11.9%)
Leukopenia 19 (7.3%)
Rash and itching 17 (6.5%)
Fatigue and general malaise 15 (5.7%)
Gastrointestinal disorders 5 (1.9%}
Depression 5 (1.9%)
Development of hepatocellular carcinoma 3(1.1%)
Respiratory disorders 3 (1.1%)
Liver decompensation 2 {0.8%)
Malignant neoplasm 2 {0.8%)
Interstitial pneumonia 2 (0.8%)
Cerebral hemorrhage 1 {0.4%)
Cerebral infarction 1 (0.4%)
Cholangitis 1 (0.4%)
Retinal hemorrhage 1 {0.4%)
Diabetes decompensation 1 (0.4%)
Palpitation 1(0.4%)

I1.28B rs8099917 genotype (the SVR in TT patients was
62.7% compared with 55.0% in TG or GG patients). In
contrast, in patients with G1H, the SVR of patients with
1L28B 158099917 genotype TT was significantly higher
than those with 188099917 TG or GG (27.1% vs 8.8%,
P=0.004). In patients with G1H and IL28B TT, the SVR
of those treated for over 48 weeks was significantly
higher than those treated for less than 48 weeks (34.6%
vs 16.4%, P=10.042). In patients with G1H and IL28B
TG/GG, the SVR of those treated for over 72 weeks was
significantly higher than those treated for less than 72
weeks (37.5% vs 4.1%, P=0.010).

DISCUSSION

E FOUND THAT in Japanese patients with G1H
HCV-related LC, the likelihood of achieving SVR
with IFN plus ribavirin combination therapy was influ-

Table 7 Factors associated with sustained virological response in the patients with G1H and TT allele of TL28B 158099917 (n = 133)

Factors SVR (+} (n=36) SVR(-)(n=97) P-value Multivariate analyses

Odds ratio  95% CI P-value
Platelets (10*/mm?} 145x115 10.6+4.2 0.024 1.08 1.01-1.18 0.047
Albumin (g/dL) 3.92%£0.50 3.69+0.46 0.018 278 1.14-7 .42 0.031
Treatment duration, over 48 weeks  n=27 (75%) n=>51 {52.6%) 0.023 253 1.07-6.49  0.042

P-values were obtained by logistic regression model.

Cl, confidence interval; G1H, genotype 1 with high viral load; IL28B, interleukin 28B; SVR, sustained virological response.

© 2013 The Japan Society of Hepatology

— 791 —



Hepatology Research 2014, 44: 983-992

[L28B genotype and treatment ouicome in cirrhosis 989
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Figure 2 SVR in HCV-related liver cirrhosis patients treated with interferon plus ribavirin. In patients with G1H and the TL288TT
allele, the SVR rate of those who were treated for over 48 weeks was significantly higher than those ireated for less than 48 weels
(P=0.042), In patients with G1H and [L28B TG/GG, the SVR rate of patients treated for over 72 weeks was significantly higher than
those treated for less than 72 weeks {(P=0.010). G1H, genotype 1 with high viral load; HICV, hepaitis C virus ; IL288, interleukin

28B rs8099917; SVR, sustained virological response.

enced by a polymorphism at IL28B 158099917, In con-
trast, SVR rates in non-G1H were higher than those in
G1H, irrespective of 1L28B genotype. This is the first
report to demonstrate that an [L28B polymorphism can
influence SVR rate in patienis treated with IFN plus
ribavirin combination therapy for G1H HCV-related LC.
These results suggest that HCV genotypes, viral load and
11.28B polymorphism should be taken into when deter-
mining antiviral therapy for HCV-related LC. In patients
with HCV-related LG, [L28B genotyping may be a useful
tool to determine the best antiviral therapy.

Recently, host genetic variation near the 11288 on
chromosome 19, which encodes IEN-A-3, have been
shown to be associated with SVR to PEG IEN plus
ribavirin in patients infecied with HCV genotype 1.V
Although some investigators have shown that IL28B

polymorpliisms are associated with a favorable response
to treatment in patients with non-1 genotype infec-
tion, the association between the variants in IL28B
and SVR in non-1 genotype-infected patients remains
controversial.** IL28B polymorphisms are alse a
strong predictive factor for spontanecus HCV clear-
ance.”™ However, the precise mechanism associated
with the action of IL28B polymorphisms has not been
fully elucidated.

Pegylated IFN plus ribavirin combination therapy has
become the standard of care treatment for chronic HCV
infection. The SVR rates range 42-46% in patients with
HCV genotype 1 or 4 infection and 76-82% in patients
with HCV genotype 2 or 3 infection, respectively.”?*
However, in patients with HCV-related LC the SVR rate
is even lower than in non-LC patients, reflecting reduced

© 2013 The Japan Society of Hepatology

— 792 —



990 S. Shakado et al.

tolerance to the therapy.®'? Although patients with
HCV-related LC are difficult to treat, patients who
achieved SVR showed a lower iate of liver-related
adverse outcomes and improved survival **® Moreover,
a randomized controlled trial showed that patients with
HCV-related LC who received long-term PEG IEN treat-
ment had a lower risk of HCC than controls.” Thus, IFN
treatment for HCV-related LC is an effective means
of preventing HCC, irrespective of whether SVR is
achieved. In this study, the SVR was very low in patients
with G1H and the TG or GG allele. Therefore, for these
patients, long-term administration of maintenance IFN
should be considered to reduce the risk of developing of
HCC even if SVR is unlikely to be achieved.

Patients with advanced liver disease have a higher rate
of adverse events when taking IFN and ribavirin combi-
nation therapy than patients with mild disease. Adverse
events, such as neutropenia, thrombocytopenia and
anemia, often require dose reduction of [FN or ribavirin.
Previous studies have demonstrated that in patients
with HCV-related LC, the rate of dose reductions in
TFN and ribavirin range 6.9-20.6% and 16.7-27.1%,
respectively.™* In our study, IEN and rvibavirin dose
reductions were needed in 51.3% and 53.6% of
patients, respectively. These are higher than those
reported in other studies, but the discontinuation rate
was slightly lower (12.6%).”> Many patients required
reductions in the doses of IFN and/or ribavirin early in
the treatment period because of adverse events, but uld-
mately were able to tolerate long-term administration. It
might be safer to start low-dose antiviral therapy with
{FN plus ribavirin in HCV-related LC and titrating the
dose upward as tolerated with the aim of long-term
treatment, rather than beginning with the full dose
and risking adverse events that would curtail antiviral
therapy.

In patients infected with HCV genotype 1, previous
studies have demonstrated that SVR rates of late viro-
logical responders {HCV RNA detectable at 12 weeks
and undetectable at 24 weeks after the start of treat-
ment) could be improved when treatment was extended
to 72 weeks, compared with the standard treatment
duration of 48 weeks, largely as a result of reducing
post-treatment relapse rates.** In this study, the SVR
rate in patients who had an LVR was significantly lower
than those who achieved RVR or ¢cEVR. However, the
duration of treatment in the patients with a LVR was
significantly longer than those who achieved cEVR or
RVR. Individual physicians determined the duration of
treatment based on the time at which serum HCV RNA
became undetectable, accounting for the improved SVR

© 2013 The lapan Society of Hepatology
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rates in those teceiving extended courses. Nevertheless,
the safety and effectiveness of more than 48 weeks of
antiviral therapy in patients with HCV-related LC has
not been examined. We found that patients with the
1L28B 138099917 genotype TT, treatment of more than
48 weeks achieved a higher SVR tate than treatment of
less than 48 weeks, and in those with the TG or GG
alleles SVR rates were greater in those who received
more than 72 weeks of treatment. The response o treat-
ment is a very important guide of treatment duration in
HCV-related LC. Further prospective studies using larger
numbers of patients maiched for race, HCV genotype,
viral load and treatment durations would be required to
explore the relationships between IL28B polymorphism
and the treatment response to combination therapy in
patients with HCV-related LC.

Recently, new trials of IFN-free combination therapy
with direct-acting antivirals (DAA) such as protease-
inhibitor, non-structural (NS)5A inhibitor or NS5B
polymerase inhibitor nucleotide analog have shown a
strong antiviral activity against HCV.>™* A previous
study reported that the 1L28B genotype can affect the
response to an [FN-free regimen, but this result has been
unclear in other regimens** In a study of Japanese
patients with HCV genotype 1b infection, dual oral DAA
therapy (NS5A inhibitor and NS3 protease inhibitor)
without IFN achieved an SVR rate of 90.5% of 21
patients with no response to previous therapy and in
63.6% of 22 patients who had been ineligible for weat-
ment with PEG IFN.*! However, lack of a virological
response 1o DAA was also seen in patients with no
response ot partial response to previous therapy. In
these patients with viral resistance to DAA, the combi-
nation therapy with IEN and DAA may be a means of
eliminating HCV, and IL28B genotyping may be a useful
tool in determining the best antiviral therapy and dura-
tion of treatment.

This study had certain limitations. Selection bias
cannot be excluded, considering the retrospective nature
of the work. However, all patients had well-established
cirrhosis and had received IFN plus ribavirin in hepatitis
centers throughout Japan. QOur patients received a
variety of IEN treatments {(IFN-¢, IFN-B and PEG IFN),
several different doses of IFN and ribavirin, and several
treatinent durations. In the intention-to-treat analysis,
the overall SVR rate was 32.2%; in patients with G1H it
was 21.6% but was 60.6% in those with non-G1H.
Interestingly, the overall SYR rate in this study was
similar to that found in previcus studies of patients with
advanced fibrosis or cirthosis treated with IFN or PEG
TEN plus ribavirin.®'? Thus, although there were some
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limitations, our findings contribute to providing valu-
able information to guide clinical decisions.

In conclusion, the combination therapy with 1FN plus
ribavirin in Japanese patients with non-G1H HCV-
related LC was more effective than those with G1H and
not influenced by ILZ88 polymorphism. However, in
patients with G1H, TL28B polymorphism may be a
strong predictive factor for SYR. Extending treatment
may provide a better outcome in those with the IL28B
TT allele treated for more than 48 weeks and in those
with the TG/GG alleles treated for more than 72 weeks.
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