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blinded to patient clinical and biochemical data. Diag-
nosis of each case was independently and histologically
confirmed by liver pathologists according to the
Japanese chronic hepatitis classification (New Inuyama
classification). Furthermore, we scored the degree of fat
deposition in the liver. Histological characteristics of the
patients are also shown in Table 1.

Methods

RNA isolation

Total RNA containing miRNA was isolated from
formalin-fixed paraffin-embedded (FFPE) liver biopsy
specimens using the RecoverAll Total Nucleic Acid Iso-
lation Kit for FFPE (Ambion, Austin, TX, USA) in accor-
dance with the manufacturer’s protocol.

Quantitative reverse transcription polymerase
chain reaction (PCR)

miR-122 expression was quantified using TagMan
MicroRNA assays (Applied Biosystems, Foster City, CA,
USA) in accordance with the manufacturer’s protocols.
Reverse transcription was performed using 10 pg of RNA
isolated from the liver FFPE specimens. Quantitative
PCR was performed using the Light Cycler 480 system
(Roche Diagnostics, Basel, Switzerland). miR-122
expression was calculated by the relative standard curve
method and normalized to RNUGB expression. The
IL28B SNP rs8099917 was also examined. SNP were
detected by pyrosequencing analysis. The sense, anti-
sense and pyrosequencing primers used were
B-TCCTCCTTTTGTTITCCITICTG, = AAAAAGCCAGC
TACCAAACTGT, and TGGITCCAATITGGG, respec-
tively, where “B” indicates a biotin-labeled sequence.

Statistical analysis

Data were processed on a personal computer and ana-
lyzed using StatFlex (Artech, Tokyo, Japan). Differences
in each laboratory parameter were analyzed using the
Mann~Whitney U-test. P < 0.05 was considered statisti-
cally significant.

RESULTS

Correlation of miR-122 expression with
virological response to IFN therapy
E COMPARED MIR-122 expression between
IL28B 158099917 TT and TG/GG. No significant
difference was observed in hepatic miR-122 expression
between IL28B SNP TT and TG/GG (Fig. 1a). We also
compared miR-122 expression and stage of fibrosis.
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Although there was a tendency toward a decrease in
miR-122 expression as fibrosis progressed, no statisti-
cally significant difference was detected (Fig. 1b). In
terms of virological response to IEN therapy, a signifi-
cant difference was observed in the extent of miR-122
expression and the number of patients who were classi-
fied as achieving an SVR or not (P < 0.05, Fig. 1c). We
also investigated the correlation of miR-122 expression
with SVR, transient response (TVR) and no response
(NVR). Significant differences were observed between
SVR and TVR (P <0.05) and between SVR and NVR
(P<0.05) (Fig. 1d). As stated above, decrease of miR-
122 was associated with progression of fibrosis. There-
fore, we thought to compare the correlation of miR-122
expression to viral response to INF in patients matched
for stage of fibrosis. Although we found that patients
achieving SVR were likely to have higher expression of
miR-122 than those who failed to achieve SVR, statisti-
cal difference was not observed due to limited patient
numbers.

Correlation of miR-122 expression with
rapid/early virological response

miR-122 expression was significantly higher in patients
with a strong response to IFN and undetectable HCV
RNA at week 4 (i.e. those with a rapid virological
response [RVR]) than in patients who did not achieve
RVR (Fig. 2a, P < 0.05). Patients who responded to IEN
therapy and who had undetectable HCV RNA at week 12
were regarded as achieving an early virological response
(EVR). miR-122 expression showed the same tendency
in these patients, namely, it was higher among those
with EVR than among those without such a response
(Fig. 2b, P<0.05). No significant correlation was
observed between miR-122 expression and several other
clinical parameters including white blood cell count,
red blood cell count, platelets, aspartate aminotrans-
ferase, alanine aminotransferase, y-glutamyltransferase,
albumin, pre-albumin, ferritin, type IV collagen and
hyaluronic acid (Table 2).

Fat deposition in the liver was associated
with miR-122 expression

In addition, we scored the degree of fat deposition in
liver biopsy specimens and examined its correlation
with miR-122 expression. miR-122 expression signifi-
cantly decreased as the extent of fat deposition in the
liver increased (Fig. 3a, P < 0.05). We then divided the
patient’s biopsy specimens into groups based on
the extent of fat deposition (0-5% and >5%) and deter-
mined their association with non-alcoholic fatty liver
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Figure 1 Association between hepatic miRNA-122(miR-122) expression of serotype 1 hepatitis C virus (HCV)-infected liver and
I1L28B single nucleotide polymorphisms (SNP). There is no correlation with miR-122 expression between IL28B SNP TT and TG/GG
(a). Also, we compared with the fibrotic stage. Although there is a tendency for miR-122 expression to decrease if fibrosis
progressed, there is no significant difference (b). According to viral response to interferon (IFN) therapy, there is a significant
difference between sustained virological response (SVR) and non-SVR (P < 0.05, c). Furthermore, we investigate the correlation
miR-122 expression between SVR and TVR and undetectable HCV DNA (NR). There are significant difference between SVR and TVR
(P<0.05), and SVR and NR (P < 0.05) (Fig. 1d).
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Figure 2 Correlation between miR-122 expression and rapid (RVR)/early virological response (EVR). RVR was defined as patients
who respond to interferon (IFN) therapy with a decrease in viral load at week 4. EVR was defined as patients who respond to IEN
therapy with a decrease in viral load at week 12. According to the virological response, patients who achieved RVR had significantly
higher miR-122 expression level than those that did not achieve RVR (a, P < 0.05). The same tendency can be said between patients
who achieved and did not achieve EVR (Fig. 2b, P < 0.05). We examined the relationship between miR-122 expression and several
clinical parameters (white blood cell count, red blood cell count, platelets, aspartate aminotransferase, alanine aminotransferase,
Y-glutamyltransferase, albumin, pre-albumin, ferritin, type IV collagen and hyaluronic acid), there are no significant differences.
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Table 2 Relation with miR-122 expression level in liver and
clinical items

Items Relation P
Age (year) 0.01 NS
BMI (kg/m2) 0.105 NS
BTR (ratio) 0.175 NS
WBC (cells/uL) 0.102 NS
RBC (cells/uL) 0.219 NS
PLT (x10* platelets/uL) 0.090 NS
AST (IU/L) 0.045 NS
ALT (TU/L) 0.020 NS
¥-GT (IU/L) 0.004 NS
Albumin (g/dL) 0.059 NS
PreAlb (mg/dL) 0.138 NS
Ferritin (ng/mL) 0.191 NS
Type IV collagen (ng/mL) 0.214 NS
Hyaluronic acid (ng/mL) 0.178 NS
FPG (mg/dL) 0.284 <0.05
FFA (mEq/L) 0.190 NS
HOMA-R 0.08 NS
HbAlc (%) 0.167 NS
TC (mg/dL) 0.124 NS
HDL (mg/dL) 0.044 NS
LDL (mg/dL) 0.128 NS
TG (mg/dL) 0.146 NS
REE 0.352 <0.05
RQ 0.550 <0.05
IFN adherence, >80% 0.222 NS
RBV adherence, >60% 0.038 NS
HCV RNA (logIU/mL) 0.088 NS

Analyzed using the Mann-Whitney U-test. P < 0.05 was
considered statistically significant.

Normal values in laboratory tests: body mass index (BMI)
calculated as bodyweight (kg)/height (m}?% white blood cell
count (WBC, cells/uL), 3500-9000; platelets (PLT, x10*
platelets/uL), 12-33; aspartate aminotransferase (AST, IU/L),
10-40; alanine aminotransferase (ALT, IU/L), 5-40;
v-glutamyltransferase (y-GT, IU/L), <70 in males, <30 in females;
albumin (Alb, g/dL), 4.0-5.0; total cholesterol (TC, mg/dL),
128-220; triglyceride (TG, mg/dL), 38~150; low-density
lipoprotein cholesterol (LDL-C, mg/dL), 70-139; high-density
lipoprotein cholesterol (HDL-C, mg/dL), 40-80; free fatty acid
(FFA, mEq/L), 100-800; pre-albumin (preAlb), 22-40;
hemoglobin Alc (HbA1lc), <5.8%.

BTR, branched-chain amino acids to tyrosine ratio; FPG, fasting
plasma glucose; HCV, hepatitis C virus; HOMA-IR, Homeostasis
Model of Assessment -~ Insulin Resistance; IFN, interferon; NR,
undetectable IICV RNA; NS, not significant; RBV, ribavirin; REE,
resting energy expenditure; RQ, respiratory quotient; SD,
standard deviation; SVR, sustained virological response.

disease activity score (NAS). There was a significant dif-
ference in NAS among patients in the 0-5% and more
than 5% groups (Fig. 3b, P< 0.05). Furthermore, we
determined whether a viral or host factor was respon-
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sible for miR-122 expression by examining the correla-
tion of miR-122 expression with several clinical
parameters, namely, the presence of hypertension and
diabetes mellitus, obesity (body mass index, >25}, total
cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, triglycerides, fasting
plasma glucose, free fatty acids, Homeostasis Model
of Assessment - Insulin Resistance, hemoglobin Alc,
resting energy expenditure (REE) and respiratory quo-
tient (RQ). We found that only hypertension, fasting
plasma glucose, RQ and REE correlated with miR-122
expression (Table 2).

Factors contributing to a CHC serotype 1
SVR to IFN therapy

We further investigated factors contributing to a CHC
serotype 1 SVR to IFN therapy. In univariate analysis,
more male than female patients achieved SVR. The
prevalence of type 2 diabetes was also significantly

" higher among patients who did not achieve SVR. miR-

122 expression was higher among patients with SVR
than among those without such a response. Multivariate
analysis indicated that miR-122 expression was an inde-
pendent predictor for SVR (Table 3a).

Patients who did not achieve SVR could be divided
into two further groups: those who responded to IFN
therapy and momentarily had undetectable HCV RNA
but who then relapsed (transient responders, TVR) and
those who did not respond to IFN therapy and never
had any undetectable HCV RNA (null responders,
NVR). Therefore, we divided the 51 patients into two
groups: those who responded to IFN therapy and had
undetectable HCV RNA at least once (SVR + TVR), and
those who did not respond to IFN therapy and never
had undetectable HCV RNA (NR). Univariate analysis
indicated that patients with minor IL28B SNP were less
likely to achieve SVR or TVR than those with major
IL28B SNP. Females were also less likely to achieve SVR
or TVR than males. Multivariate analysis indicated
that IL28B SNP were independent predictors of a null
response (Table 3b).

DISCUSSION

N OUR STUDY, we found that hepatic miR-122

expression correlated with virological response to IFN
therapy. However, there was no significant difference
in miR-122 expression between minor and major IL28B
SNP. We also determined whether other factors predic-
tive of response to IFN therapy, including IL28B SNP,
correlated with miR-122 expression, but no such corre-
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Figure 3 miRNA122 (miR-122) expression was correlated with fat deposition in liver. By using liver biopsy specimen, we scored
the degree of fat deposition in liver and examined the relationship miR-122 expression. miR-122 expression significantly decreased
as the extent of fat deposition in the liver increased (a, P < 0.05). We divided patients into those whose fat deposition was 0-5%
and >5% in proportion to non-alcoholic fatty liver disease activity score (NAS). There was a significant difference between 0-5%

and >5% (b, P < 0.05).

lation was found. These findings suggest that miR-122 is
an independent factor predictive of response to IFN
therapy and affects the second phase of IEN therapy.

In CHC patients, miR-122 reportedly facilitates
the replication of HCV by binding to the 5-UTR
of HCV RNA in vitro.'”** However, in our study, no
correlation was observed between HCV load and miR-
122 expression, supporting previous findings of the
lack of any such correlation. Why miR-122 expression
is not correlated with the HCV load is not currently
understood. Many factors have been reported to
promote HCV replication and production, including
cyclophilin B¥, FBL2, FK506 binding-protein 8, heat
shock protein 90,%® heat shock cognate protein 70,%
fatty acid synthesis, geranylgeranylation,®** fatty
acids®® and lipid droplets.**3* Given that miR-122 is
abundant in the human liver, HCV replication would
likely be dependent on miR-122. However, miR-122
expression is decreased as liver injury progresses and,
hence, HCV replication must be dependent on other
factors.

miR-122 is reportedly associated with lipid and iron
metabolism in healthy individuals.?*-*” In our study,
miR-122 was inversely correlated with the extent of
hepatic fat deposition. We also determined whether
host- or virus-related factors were responsible for fat
deposition in CHC patients. We found no correlation
between hepatic fat deposition and host factors such as
the presence or absence of hypertension, obesity and
type 2 diabetes. Thus, it was clear that fat deposition was
induced by a virus-related factor. Also, patients with low
miR-122 expression had low RQ and REE. Therefore, we

hypothesized that as miR-122 expression was reduced,
fat was deposited in the liver, which might have been
associated with increased oxidation of fatty acids. This
would lead to the use of fat as an energy source and
decrease RQ.

Hepatitis C virus infection is associated with non-
alcoholic fatty liver disease.®® Once a host is infected
with HCV, the virus begins to replicate in the host's liver
using miR-122. This hijack of miR-122 may decrease
lipid metabolism, which is its primary function. Indeed,
it has been reported that a 4-week therapy session
with an antisense nucleotide of miR-122 (miravirsen;
Santaris Pharma, San Diego, CA, USA) in treatment-
naive patients with HCV genotype 1 infection resulted
in lowered total cholesterol as well as suppression of
viremia in chimpanzees.* We believe that as hepatic fat
deposition progresses, lipid droplets are formed and
these act as sites for replication of HCV RNA. If this
hypothesis is correct, then inhibition of viral propaga-
tion by targeting miR-122 using an antisense approach
may have a positive effect on circulating cholesterol
and HCV-associated lipid abnormalities and, hence,
decrease the number of lipid droplets available for HCV
replication.

In conclusion, miR-122 expression is correlated with
response to IFN therapy in CHC patients with HCV
serotype 1 infection and is independent of other predic-
tors of response, including IL28B SNP. miR-122 expres-
sion is also correlated with hepatic fat deposition and a
patient’s RQ, which may be associated with fat deposi-
tion in the liver. Hereafter, it is necessary to evaluate
miR-122 expression in blood samples to determine how
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Table 3 Study of predictive factors for IFN treatment in serotype 1 chronic hepatitis C patients

A. Contributing factor to SVR in all patients

Variable Univariate analysis Multivariate analysis
P odds ratio (95% CI) p Odds ratio (95% CI)

Age (years) 0.234 1.03 (0.97-1.10)

Sex (F) 0.054 0.31 (0.09-1.02)

BMI 0.472 0.93 (0.78-1.12)

Fibrosis 0.700 1.09 (0.67-1.78)

Activity 0.599 0.72 (0.22-2.38)

Fat deposition 0.455 1.02 (0.96-1.09)

HCV RNA (logIU/mL) 0.892 1.04 (0.55-1.94)

Albumin (g/dL) 0.897 0.88 (0.12-6.03)

AST (IU/L) 0.203 0.98 (0.96-1.00)

ALT (IU/L) 0.084 0.98 (0.97-1.00)

¥-GT (IU/L) 0.121 0.98 (0.96-1.00)

PLT (x10%/pL) 0.898 1.00 (0.91-1.10)

Ferritin (mEq/L) 0.569 0.99 (0.99-1.00)

PreAlb (g/dL) 0.272 0.93 (0.82-1.05)

HbA1c (%) 0.022 0.08 (0.01~0.71) NS

IFN adherence, >80% 0.716 0.80 (0.25-2.53)

RBV adherence, >60% 0.773 1.35 (0.17-10.41)

miRNA-122 0.012 0.55 (0.34-0.88) 0.029 0.401 (0.17-0.91)

IL28B 158099917 0.127 0.36 (0.09-1.33)

B. Contributing factor to NVR in all patients

Variable Univariate analysis Multivariate analysis
P Odds ratio (95% CI) P Odds ratio (95% CI)

Age (years) 0.178 0.93 (0.85-1.02)

Sex (male) 0.035 5.02 (1.11-22.6) 0.088 4.38 (0.80-23.9)
BMI (kg/m?) 0.944 1.00 (0.81-1.24)

Fibrosis 0.414 1.29 (0.69-2.41)

Activity 0.570 1.55 (0.33-7.15)

Fat deposition (%) 0.104 0.95 (0.90-1.00)

HCV RNA (loglU/mL) 0.659 1.18 (0.56-2.48)

Albumin (g/dL) 0.358 3.39 (0.25-46.0)

AST (IU/L) 0.656 0.99 (0.97-1.01)

ALT (TU/L) 0.779 1.00 (0.98-1.01)

¥-GT (IU/L) 0.525 1.00 (0.98-1.02)

PLT (x10%/uL) 0.233 0.92 (0.82-1.04)

Ferritin (ng/mL) 0.479 0.99 (0.99-1.00)

PreAlb (g/dL) 0.412 1.06 (0.91-1.25)

HbAlc (%) 0.406 1.83 (0.43-7.66)

IEN adherence, >80% 0.508 0.60 (0.13~2.68)

RBV adherence, >60% 0.778 1.40 (0.13~15.1)

miRNA-122 0.141 1.51 (0.87-2.64) 0.239 1.42 (0.78-2.58)
1L28B 158099917 0.009 7.28 (1.61-32.7) 0.016 7.77 (1.45-41.7)

Normal values in laboratory tests: body mass index (BMI) calculated as bodyweight (kg)/height (m)? white blood cell count (WBC,
cells/uL), 3500~9000; platelets (PLT, x10* platelets/uL), 12~33; aspartate aminotransferase (AST, IU/L), 10-40; alanine
aminotransferase (ALT, IU/L), 5-40; y-glutamyltransferase (y-GT, IU/L), <70 in males, <30 in females; albumin (Alb, g/dL), 4.0~5.0;
total cholesterol (TC, mg/dL), 128-220; triglyceride (TG, mg/dL), 38-150; low-density lipoprotein cholesterol (LDL-C, mg/dL),
70-139; high-density lipoprotein cholesterol (HDL-C, mg/dL), 40-80; free fatty acid (FFA, mEq/L), 100~-800; pre-albumin (preAlb),
22-40; hemoglobin Alc (HbAlc), <5.8%.

ClI, confidence interval; HCV, hepatitis C virus; IFN, interferon; NR, undetectable HCV RNA; NVR, non-virological response; RBV,
ribavirin; SVR, sustained virological response.
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fatty liver and lipid metabolism are involved in the
pathogenesis of chronic hepatitis.

Thus, miR-122 may be a therapeutic target as well as a
predictive marker of response to IFN therapy. Targeting
miR-122 may have a positive effect not only by directly
inhibiting viral propagation but also by ameliorating
cholesterol and lipid abnormalities and reducing the
number of sites available for HCV replication.
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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
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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-
lular 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 1.164.21, 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
APRI  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 [4-6], 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 f§ 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 [1, 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 [15, 16]. 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.
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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 [20]. 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 [22]. 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 [19]. 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 [23].

Definition of liver cirrhosis

Liver cirrhosis 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 (><106/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
[25], 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 [26].

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, a-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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