progressing to HCC, the results of the present study suggest that
the presence of non-hypervascular hypointense nodules detected
during the hepatobiliary phase of preoperative Gd-EOB-DTPA-
enhanced MRI may indicate a high risk of multicentric recurrence
of HCC after hepatectomy. Interestingly, multicentric recurrence
was observed in all patients with multiple preoperative non-
hypervascular hypointense nodules. While intrahepatic metasta-
sis recurrence is considered as occurrence of metastasis of HCC
that had been resected, multicentric recurrence is considered as
new development of HCC that is not related to the resected
HCC. Therefore, the presence of non-hypervascular hypointense
nodules, especially multiple nodules, may indicate enhanced
hepatocarcinogenesis even when the nodule itself does not pro-
gress to HCC.

There are several limitations to this study. The sample size
was not large and the observation period was relatively short
because Gd-EOB-DTPA has been in clinical use since February
2008 in Japan. In addition, the impact of the presence of non-
hypervascular hypointense hepatic nodules on survival after hep-
atectomny was not analyzed because there were no patient deaths
during the study period. However, we believe that our data
should be shared with clinicians because of the markedly high
rates of recurrence after hepatectomy in patients with preopera-
tive non-hypervascular hypointense hepatic nodules. Further
studies with more patients and a longer observation period are
needed to confirm this observation. Furthermore, measures to
suppress multicentric recurrence in patients with preoperative
concurrent non-hypervascular hypointense hepatic nodules
should be investigated in the future.

In conclusion, patients with preoperative concurrent non-
hypervascular hypointense hepatic nodules, on the hepatobiliary
phase of Gd-EOB-DTPA-enhanced MR, are at higher risk of HCC
recurrence after hepatectomy. Clinicians should take this into
consideration when determining the treatment modalities.
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Many patients with coagulation disorders are
infected with hepatitis C virus (HCV) that
advances to end stage liver disease, resulting
in an increased number of deaths. The efficacy
of ribavirin and peginterferon combination
therapy for chronic HCV infection in patients
with coagulation disorders has not been clari-
fied fully. The aim of this study was to evalu-
ate the efficacy and tolerability of combination
therapy in this patient population compared
with patients who are infected with HCV and
do not have coagulation disorders. A total of
226 consecutive chronic hepatitis C patients
were treated with combination therapy and
divided into two groups: patients with (n = 23)
and without coagulation disorders (n = 203).
Clinical characteristics, sustained virological
response rates obtained by an intention-to-
treat analysis, and combination therapy dis-
continuation rates were compared between
the two groups. The sustained virological
response rates did not differ significantly be-
tween patients with and without coagulation
disorders (65.2% vs. 47.8% by intention-to-
treat analysis). According to a multivariate
analysis, age, alanine aminotransferase, gamma-
glutamyltransferase, and HCV genotype were
associated significantly with a sustained viro-
logical response, whereas whether a patient
had a coagulation disorder did not affect the
sustained virological response. In conclusion,
combination therapy for chronic hepatitis C
was comparably effective between patients
with and without coagulation disorders and did
not result in adverse bleeding. J. Med. Virol.
85:228-234, 2013. © 2012 Wiley Periodicals, Inc.

© 2012 WILEY PERIODICALS, INC.

KEY WORDS: chronic hepatitis C; interferon;
ribavirin; coagulation disor-
ders; hemophilia

INTRODUCTION

Hepatitis C virus (HCV) infection is a widespread
viral infection that often leads to chronic hepatitis,
cirrhosis, and hepatocellular carcinoma. Until the
1980s, most patients with coagulation disorders
became infected with HCV because of the extensive
use of untreated factor concentrate. Some of these
patients were infected with both hepatitis C and hu-
man immunodeficiency virus (HIV) [Brettler et al.,
1990; Troisi et al., 1993; Yee et al., 2000; Franchini
et al,, 2001). These patients with liver diseases and
persistent abnormal transaminase progress to end
stage liver disease, resulting in an increased number
of liver disease-related deaths. In cases of co-infection
with the HIV, the progression of liver disease is more
rapid [Sanchez-Quijano et al., 1995; Soto et al., 1997,
Benhamou et al., 1999; Ragni and Belle, 2001; De
Luca et al., 2002] with a higher mortality rate than
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during HCV monocinfection [Darby et al., 1997; Yee
et al., 2000]. The need for treating infection with HCV
in patients with coagulation disorders is increasing
worldwide.

Sustained virological responders who are negative
for serum HCV RNA 6 months after the end of treat-
ment with interferon (IFN) are likely to remain in
virological and biochemical remission with histologic
improvement [Marcellin et al., 1997; Shiratori et al.,
2000]. In addition, IFN therapy reduces the risk of he-
patocellular carcinoma among virological or biochemi-
cal responders [Imai et al.,, 1998; Ikeda et al., 1999;
Yoshida et al., 1999]. Ribavirin is now used generally
in combination with IFN or pegIFN to treat chronic
hepatitis C and combination therapy is more effective
than IFN monotherapy [Lai et al., 1996; McHutchison
et al., 1998; Poynard et al., 1998; Manns et al., 2001].

Previous studies have investigated the efficacy of
IFN monotherapy in patients with coagulation disor-
ders and chronic hepatitis C [Makris et al., 1991], and
the efficacy of combination therapy with ribavirin and
PegIFN in patients with coagulation disorders [Fried
et al., 2002a; Mancuso et al., 2006; Posthouwer et al.,
2007]. However, there are no reported comparisons of
this combination therapy between patients infected
with HCV with and without coagulation disorders. In
this study, the efficacy and tolerability of ribavirin
plus peglFN were evaluated retrospectively in
patients with coagulation disorders and chronic hepa-
titis C and the results were compared with the
responses of patients infected with HCV but without
coagulation disorders.

MATERIALS AND METHODS
Patients and Methods

A total of 226 consecutive patients with chronic hep-
atitis C and a high viral load (serum HCV RNA levels
greater than 100 kilo-international units [KIU]) were
treated with a combination of pegIFN and ribavirin
between December 2004 and March 2007 at Nagoya
University Hospital and Ogaki Municipal Hospital.
These patients included 23 patients with coagulation
disorders (17 with hemophilia A, 4 with hemophilia B,
and 2 with von Willebrand disease). All patients were
under 75 years old, were anti-HCV antibody-positive,
and had serum HCV RNA levels greater than
100 KIU/ml by quantitative PCR assay (Amplicor GT-
HCV Monitor Version 2.0; Roche Molecular Systems,
Pleasanton, CA) within 12 weeks preceding the thera-
peutic period. Patients were excluded if they had pre-
treatment hemoglobin (Hb) levels <10 g/dl, tested
positive for serum hepatitis B surface antigen, a histo-
ry of drug addiction, alcohol abuse, autoimmune hepa-
titis, primary biliary cirrhosis, a serious psychiatric or
medical illness, or were pregnant. To exclude patient
bias, only complete cohorts from each hospital were
enrolled. HCV genotypes were determined by PCR
using genotype-specific primers [Okamoto et al., 1994;
Simmonds et al., 1994].
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All patients were treated with 1.5 pg/kg of peglFN
a-2b (Peg-Intron®, MSD, Tokyo, Japan) once weekly
for 24 weeks in patients infected with HCV genotype
Z or 3 and for 48 weeks in patients infected with HCV
genotype 1 or 4. For the 17 patients infected with
HCV genotype 1, the treatment duration was extend-
ed to 72 weeks because of higher efficacy compared to
that obtained after 48 weeks of treatment, but only in
cases in which HCV RNA was positive at 12 weeks
and negative at 24 weeks from the start of therapy.
Treatment was discontinued when a patient’s Hb con-
centration fell below 8.5 g/dl because of drug-induced
hemolytic anemia or when a patient’s white blood cell
count fell below 1,000/mm?, neutrophil count fell be-
low 500/mm?, or platelet count fell below 50,000/mm?.
Some patients discontinued treatment because the vi-
rus could not be eradicated after 24 weeks, as deter-
mined by the physician. The peglFN alfa-2b dose was
reduced to 50% of the assigned dose when the white
blood cell count was below 1,500/mm?, the neutrophil
count below 750/mm® or the platelet count below
8,000/mm® Oral ribavirin (Rebetol®, MSD, Tokyo,
Japan) was administered for the same duration as
peglFN at 600 mg/day for patients who weighed 60 kg
or less, 800 mg/day for those who weighed more than
60 kg but less than 80 kg, and 1,000 mg/day for those
who weighed more than 80 kg during the treatment
period. The ribavirin dose was reduced by 200 mg/day
when the patient’s Hb concentration fell below 10 g/dl
because of drug-associated hemolytic anemia. Ribavi-
rin was discontinued when peglFN therapy was dis-
continued. Informed consent was obtained from each
patient and the study was performed in accordance
with the 1975 Declaration of Helsinki.

Liver Histology

Pretreatment liver biopsy specimens were classified
based on a fibrosis scale of FO to F4 (F0, no fibrosis;
F1, portal fibrosis without septa; F2, few septa; F3,
numerous septa without cirrhosis; and F4, cirrhosis)
and in terms of necroinflammatory activity on a scale
of AO to A3 (A0, no histological activity; Al, mild ac-
tivity; A2, moderate activity; and A3, severe activity)
[Bedossa and Poynard, 1996; Fried et al., 2002b]. In
patients with coagulation disorders, a liver biopsy was
performed using factor concentrate, provided the
patients gave informed consent.

Assessment of Efficacy

The virological response was assessed by a qualita-
tive HCV RNA assay with a lower sensitivity limit of
100 copies/m! (Amplicor HCV version 2.0; Roche Mo-
lecular Systems). According to the qualitative HCV
RNA results, responses were defined as a sustained
virological response if no HCV RNA was detected at
the end of the 24-week follow-up period after the
treatment was completed. A patient was considered to
have an end of treatment virological response if no
HCV RNA was detected at the end of treatment.

J. Med. Virol. DOI 10.1002/jmv
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Comparison of Characteristics and Treatment
Efficacy Between Patients With and Without
Coagulation Disorders

Sex ratio, age, body weight, body mass index (BMI),
baseline serum alanine aminotransferase (ALT) lev-
els, gamma-glutamyltransferase (GGT), pretreatment
Hb level, platelet counts, HCV genotype and viral
load, histologic activity, and fibrosis were compared
between patients with and without coagulation dis-
orders. The sustained virological response rates
obtained by an intention-to-treat analysis and per-
protocol analysis, ribavirin and pegIFN dose reduction
rates, and combination therapy discontinuation rates
were compared between the two groups. The end of
treatment virological response rate was obtained by
intention-to-treat and per-protocol analyses and then
compared between the two groups. Next, the variable
accession method in a multivariate analysis was used
to examine factors associated with a sustained viro-
logical response after combination therapy, including
the following factors: sex, age, BMI, baseline serum
ALT, GGT, platelet counts, genotype, HCV RNA con-
centration, and presence of a coagulation disorder.

Because efficacy differed by the HCV genotype and
the patient age, and since all coagulation disorder
patients were male, the analysis focused on male,
age-matched patients infected with HCV genotype 1.
The characteristics and efficacy of treatment were
compared in males, and age-matched patients with
and without coagulation disorders who were infected
with HCV-genotype 1.

Statistical Analysis

Values are expressed as the means + SDs.
Between-group differences in mean quantitative val-
ues were analyzed by Student’s £-test, and differences
in nonparametric data were analyzed by the Mann—
Whitney U-test. Differences in proportions were
examined by the Chi-squared test. Multiple logistic
regression analysis was used to identify factors

Honda et al.

related to a sustained virological response. All statisti-
cal analyses were performed using SAS software (SAS
Institute, Cary, NC). All P values were two-tailed,
and P < 0.05 was considered statisticaily significant.

RESULTS
Patient Characteristics

The patients included 127 men and 99 women aged
22-74 years (mean & SD, 54.7 & 11.6). The mean
age of patients without coagulation disorders was
56.3 + 10.9 years and most patients were in their 50s
and 60s. In contrast, the mean age of patients with
coagulation disorders was 41.5 + 9.8 years with an
age distribution ranging from 20 to 50 years. The clin-
ical characteristics of the two study groups are shown
in Table I. All patients with coagulation disorders in
this study were male because of inherited, sex-linked
hemophilia, and two patients in this study had male
von Willebrand disease. Patients with coagulation dis-
orders were significantly younger than patients with-
out coagulation disorders (P < 0.0001). Although body
weight was not different between the two groups,
patients with coagulation disorders had a significantly
lower BMI than patients without coagulation disor-
ders. Patients without coagulation disorders were
infected with HCV genotypes that are not unique to
Japan, such as genotypes 1la, 3a, and 4a. Four
patients with coagulation disorders were infected with
human immunodeficiency virus and one of these
patients had achieved a sustained virological response.

Response to Therapy

The ribavirin dose reduction rate tended to be
higher in patients without coagulation disorders than
in patients with coagulation disorders (P = 0.0643).
The treatment discontinuation rate did not differ sig-
nificantly between the two groups. As a result, the
sustained virological response rate by an intention-to-
treat analysis did not differ significantly between the

TABLE I. Clinical Characteristics of Patients Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 226) (n = 208) (n = 23) P value
Sex ratio (male/female) 127/99 104/99 23/0 <0.0001
Age (years) 54.7 + 11.6 56.3 &+ 10.9 41.5+9.8 <0.0001
Body weight (kg) 60.2 + 11.1 60.5 + 11.5 60.5 + 8.1 0.9972
Body mass index 229+ 3.1 23.1+3.1 215+ 25 0.0226
Baseline serum ALT (IU/L) 63.3 + 56.8 60.9 + 54.9 84.4 + 69.1 0.0598
GGT QU/L) 54.2 &+ 63.9 51.4 + 62.2 78.6 + 74.4 0.0526
Hemoglobin (g/dD) 141+ 1.3 141+ 1.3 144+ 1.3 0.2714
Platelets (x10%/pl) 178 £ 5.2 177+ 5.2 19.0 + 5.6 0.2597
Genotype (1a/1b/2a/2b/3a/4a) 7/160/40/15/3/1 0/150/39/14/0/0 7/10/1/1/3/1 <0.0001
HCV RNA KIU/mbD 1,898.0 + 1,448.3 1,923.1 & 1,464.5 1,676.6 + 1,305.1 0.4404
Activity (A0/A1/A2/A3) 2/108/71/11 2/101/64/11 0/7/7/0 0.3442
Fibrosis (FO/F1/F2/F3) 17/104/49/22 16/97/45/20 1/7/4/2 0.5351

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international units.

J. Med. Virol. DOI 10.1002/jmv
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TABLE II. Efficacy of Combination Therapy

Patients without Patients with

Total patients coagulation disorders coagulation disorders

(n = 226) (n = 203) (n = 28) P value
SVR rate (intention-to-treat) 49.6 (112/226) 47.8 (97/203) 65.2 (15/23) 0.1130
SVR rate (per-protocol) 54.4 (111/204) 52.7 (97/184) 70.0 (14/20) 0.1405
ETR rate (intention-to-treat) 84.1 (190/226) 84.7 (172/203) 78.3(18/23) 0.4218
ETR rate (per-protoecol) 89.1 (179/201) 89.6 (163/182) 84.2 (16/19) 0.4772
Ribavirin dose reduction rate 44.2 (100/226) 46.3 (94/203) 26.1 (6/23) 0.0643
PegIFN dose reduction rate 34.1 (77/226) 33.5 (68/203) 39.1 (9/23) 0.5891
Combination therapy discontinuation rate 9.8 (22/226) 9.4 (19/203) 13.0 (3/23) 0.5722

SVR, sustained virological response; ETR, end of treatment virological response; PegIlFN, peginterferon.

two groups. The sustained virological response rate of
patients with coagulation disorders by a per-protocol
analysis was higher than that of patients without co-
agulation disorders, but there was no significant dif-
ference. In addition, based on both intention-to-treat
and per-protocol analyses, the end of treatment viro-
logical response rate did not differ significantly be-
tween the two groups (Table II).

Factors associated with a sustained virological re-
sponse in combination therapy were determined by a
multivariate analysis. HCV genotype 1 and 4 versus 2
and 3 (P = 0.001, odds ratio 4.353 [95% CI, 1.810-
10.469]), baseline serum GGT (P = 0.003, odds ratio
1.018 [1.006-1.030]), age (P = 0.006, odds ratio 1.053
[1.015-1.093]), and baseline serum ALT (P = 0.014,
odds ratio 0.991 [0.983-0.998]) were associated signifi-
cantly with a sustained virological response, but
whether or not a patient had a coagulation disorder
was not associated significantly with a sustained viro-
logical response.

Characteristics and Response of Male,
Age-Matched Patients Infected
With HCV Genotype 1

The clinical characteristics of the two study groups
in the male, age-matched patients infected with HCV
genotype 1 are shown in Table III. Body weight, BMI,
and Hb levels were significantly lower in patients

with coagulation disorders than patients without co-
agulation disorders (P = 0.0003, 0.0027, and 0.0103,
respectively).

The treatment discontinuation rate of patients with
coagulation disorders did not differ between the two
groups. The sustained virological response rate by in-
tention-to-treat and per-protocol analyses did not dif-
fer significantly between the two groups (Table IV).
Factors associated with a sustained virological re-
sponse in the male, age-matched, genotype 1 patients
treated with combination therapy were determined by
a multivariate analysis. BMI (P = 0.036, odds ratio
1.810 [1.041-3.145])) and baseline serum GGT
(P = 0.037, odds ratio 0.981 [0.963-0.999]) were asso-
ciated significantly with a sustained virological re-
sponse, but whether or not a patient had a
coagulation disorder was not associated significantly
with a sustained virological response.

Adverse Events

The reasons for discontinuing combination therapy
and the times at which the therapy was discontinued
are shown in Table V. Once treatment was discontin-
ued, therapy was not restarted even after the initial
symptoms or illness disappeared. There were no
bleeding episodes in the patients with coagulation
disorders, including patients who received a liver
biopsy.

TABLE III. Clinical Characteristics of Male, Age-Matched Patients With Genotype 1 Treated With Combination Therapy

Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 36) (n=18) n=18) P value
Age (years) 42.8 + 8.0 44.9 +£5.9 40.7 £ 9.3 0.1136
Body weight (kg) 66.1 + 11.0 734 £ 9.3 60.4 + 8.7 0.0003
Body mass index 22.7+28 243 +23 214+ 25 0.0027
Baseline serum ALT (IU/L) 69.8 + 54.3 63.5 + 31.7 76.2 = 70.5 0.4919
GGT (IU/L) 72.7 + 64.2 743 + 71.1 712 £+ 58.5 0.8869
Hemoglobin (g/dl) 149+ 1.2 154 £ 1.0 144 £1.2 0.0103
Platelets (x10%l) 19.3 + 54 188 £ 4.5 19.8 £ 5.6 0.5773
HCV RNA (KIU/ml) 2,050.8 + 1,273.4 2,322.8 4 1,249.1 1,778.8 +1,273.5 0.2044
Activity (AO/A1/A2/A8) 0/12/11/0 0/6/5/0 0/6/6/0 0.6723
Fibrosis (FO/F1/F2/F8) 2/11/8/2 1/5/4/1 1/6/4/1 0.9392

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCV RNA, hepatitis C virus RNA; KIU, kilo-international unit.
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TABLE 1IV. Efficacy of Combination Therapy in Male, Age-Matched Patients With Genotype 1
Patients without Patients with
Total patients coagulation disorders coagulation disorders

(n = 36) (n=18) (n=18) P value
SVR rate (intention-to-treat) 58.3 (21/36) 61.1 (11/18) 55.6 (10/18) 0.7353
SVR rate (per-protocol) 69.0 (20/29) 64.7 (11/17) 75.0 (9/12) 0.5551
ETR rate (intention-to-treat) 77.8 (28/36) 83.3 (15/18) 72.2 (13/18) 0.4227
ETR rate (per-protocol) 93.1 (27/29) 88.2 (15/17) 100.0 (12/12) 0.2182
Ribavirin dose reduction rate 22.2 (28/36) 16.7 (3/18) 27.8 (5/18) 0.7175
PegIFN dose reduction rate 36.1 (13/36) 27.8 (5/18) 44.4 (8/18) 0.2979
Combination therapy discontinuation rate 5.6 (2/36) 0 (0/18) 16.7 (3/18) 0.0704

SVR, sustained virological response; ETR, end of treatment virological response; PegIFN, peginterferon.

DISCUSSION

A previous randomized trial in patients infected
with HCV with inherited bleeding disorders showed
that the sustained virological response rate improved
significantly for patients who were treated with IFN
and ribavirin compared to those treated with IFN
alone [Fried et al., 2002a]. In addition, both chronic
hepatitis C patients with and without coagulation dis-
orders responded similarly to peglFN and ribavirin
combination therapy [Franchini et al., 2006; Post-
houwer et al., 2006]. However, the efficacy and tolera-
bility of this combination therapy differed based on
the HCV genotype as well as the age, gender, and
race of the patients; therefore it is difficult to compare
patients with and without coagulation disorders un-
der the same conditions. No report has examined that
patients infected chronic hepatitis C with and without

coagulation disorders at the same institution and

during the same observation period. In addition, there
are no reports on the efficacy of combination therapy
in patients with chronic hepatitis C with and without
coagulation disorders in age-matched patients infected
with HCV genotype 1. Therefore, a retrospective

study was conducted to evaluate the efficacy and tol-
erability of ribavirin plus pegIlFN in chronic hepatitis
C patients with and without coagulation disorders.
In the per-protocol analysis, there were no significant
differences, but the sustained virological response
rate was higher in patients with coagulation disorders
than in patients without coagulation disorders.
Mancuso et al. [2006] reported that combination ther-
apy with pegIlFN alfa-2b plus ribavirin is highly
efficacious in hemophiliacs with chronic hepatitis C.
In an overall analysis, patients with coagulation dis-
orders had a lower mean age than patients without
coagulation disorders. In addition, the BMI of the
patients with coagulation disorders was lower than
that of patients without coagulation disorders. A mul-
tivariate analysis showed that the HCV genotype,
baseline serum GGT, age, and baseline ALT were fac-
tors associated significantly with a sustained virologi-
cal response and whether patients had coagulation
disorders was not associated with a sustained virologi-
cal response. Age, especially younger than 40 years
old, was a good predictive factor for a sustained
virological response, as was reported previously
[Poynard et al., 2000; Fried et al., 2002b].

TABLE V. Reasons for Discontinuing Combination Therapy

Reason Number Weeks after starting treatment
Patients with coagulation disorders
Peritonitis due to appendicitis 1 16
Pneumoniae 1 18
No HCV eradication 3 24, 28, 29
IDDM 1 44
Patients without coagulation disorders
Fatigue 5 1,2,4.9,19
Bleeding from duodenal varies 1 8
Dizziness 1 12
Palpitation 1 13
Cholecystitis 1 16
Symptom of Parkinson’s disease 1 16
Fundal hemorrhage 1 17
Hepatocellular carcinoma 2 19, 21
Suspicion of Interstitial pneumonia 1 20
Gastric cancer 2 21, 36
Self-discontinuation 1 24
Neutropenia 1 25
Eruption 1 25
No HCV eradication 7 24, 25, 25, 27, 28, 29, 29

J. Med. Virol. DOI 10.1002/jmv
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These results suggest that male patients who are
infected with HCV genotype 1 and have coagulation
disorders will have a higher sustained virological re-
sponse than patients without coagulation disorders,
if the coagulation disorder patients do not discontinue
treatment. However, these results do not account for
the differences in age. Therefore, male, age-matched
patients infected with HCV genotype 1 were evaluat-
ed. The characteristics that differed between patients
with and without coagulation disorders were body
weight, BMI and baseline Hb levels.

In male, age-matched patients infected with HCV
genotype 1, the sustained virological response rate
based on both intention-to-treat and per-protocol anal-
yses was not different between patients with and
without coagulation disorders.

Using a multivariate analysis, whether patients
had coagulation disorders was not associated signifi-
cantly with a sustained virological response. Only
BMI and GGT were identified as factors associated
with a sustained virological response to combination
therapy in male, age-matched patients infected with
HCV genotype 1. A previous report showed that GGT
levels may represent a surrogate marker of tumor ne-
crosis factor-alpha expression in the liver and explain
the importance of serum analyses to in predict the
treatment outcome [Taliani et al., 2002]. Several stud-
ies revealed that GGT is one predictor of a sustained
virological response [Taliani et al., 2002, 2006; Villela-
Nogueira et al, 2005]. In western countries, obesity
and a high BMI are associated with the absence of a
sustained virological response to combination therapy
of pegIFN or IFN with ribavirin [Bressler et al., 2003;
Camma et al., 2004]. However, in Japan, most of the
patients who are treated with combination therapy
are not obese and have lower BMIs than patients in
western countries. In this population, the mean BMI
was 22.7 & 2.8. In this low BMI population, a higher
BMI would be associated with a sustained virological
response. However, the reason why a low BMI is
associated with the absence of a sustained virological
response has not elucidated.

Adverse effects are thought to increase in patients
with coagulation disorders; however, there was not a
significant difference in adverse effects necessitating
discontinuation of pegIFN and ribavirin between
patients with and without coagulation disorders
(13.0% vs. 9.4%). In addition, severe adverse effects
and bleeding adverse effects were not associated with
coagulation disorders. A previous report showed that
IFN and ribavirin combination therapy may reduce
the use of clotting factors in hemophilia patients with
chronic hepatitis C [Honda et al., 2005; Yamamoto
et al., 2006]. Ribavirin may reduce the side effect of
bleeding during combination therapy. In this study,
patients with coagulation disorders did not experience
an adverse effect of bleeding.

In conclusion, treatment of chronic hepatitis C
with combination therapy was effective comparably
between patients with and without coagulation
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disorders and there were no adverse effects of
bleeding.
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Abstract

We investigated the gene expression of tissue inhibitor metalloproteinases (TIMPs) and matrix metalloproteinases
(MMPs) and serum levels of TIMPs, MMPs, and hyaluronic acid that are associated with liver fibrosis in 64 patients with
nonalcoholic fatty liver diseases (NAFLD). Whereas, no differences were found between patients with and without
nonalcoholic steatohepatitis (NASH) in serum levels of hyaluronic acid when exdudlng NASH patients with advanced
fibrosis, the quantity of MIMP2 mRNA in liver tisstue and serum MMP2 levels were significantly higher in patients with
NASH than those without, even focusing on patients with less advanced fibrosis, indicating the initiation of liver

fibrosis.

Keywords: Non-alcoholic fatty liver disease, non-alcohohc steatohepamxs matrix metalloproteinases, tissue

inhibitors of metalloproteinases, hyaluronic . ac:d gene expressron, serum levels

Introduction

Nonalcoholic fatty liver disease: (NAFLD) is one of the
most common liver diseases in both Western and Asian
countries (Angulo 2002; Clark et al. 2003; Kojima et al.
2003; Chitturi et al. 2007; Torres & Harrison 2008), affect-
ing 30% of the general Western adult population (Musso
et al. 2010). NAFLD encompasses a histological spectrum
that ranges from simple steatosis to nonalcoholic steato-
hepatitis (NASH). Whereas simple steatosis is usually
benign, patients with NASH can progress to cirrhosis and
end-stage liver disease (Angulo 2002; Fassio et al. 2004;
Hashimoto et al. 2005). Therefore, it is important to dif-
ferentiate patients with NASH from patients with more
benign forms of NAFLD.

Liver fibrosis accumulates with the progression of
NASH toward cirrhosis, as is reported in the case of
viral hepatitis. Changes in many proteins associated
with fibrosis have been reported during the course of
viral hepatitis. Matrix metalloproteinases (MMPs) and

their inhibitors {tissue inhibitors of metalloproteinases,
TIMPs) are reportedly associated with the progression of
liver fibrosis (Hemmann et al. 2007). Itis unclear whether
changes in the gene expression of fibrosis-associated
proteins occur in the liver of patients with NASH, as
they do in patients with viral hepatitis, and whether
there are differences in the gene expression patterns
and serum levels of these proteins between NASH and
simple steatosis. In the present study, we investigated the
gene expression patterns of several fibrosis-associated
proteins in the livers of patients with NAFLD, comparing
patients with and without NASH. Serum levels of fibrosis-
associated proteins were also investigated.

Patients and methods

Patients
The study population consisted of 64 patients (36
males and 28 females with a mean age of 51.0£15.0
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years) who underwent ultrasound-guided liver biopsy
between 2008 and 2010 for the diagnosis of NAFLD.
They were patients who agreed with liver biopsy among
268 patients who had admitted to our clinics and had
been advised to receive liver biopsy because of the
clinical diagnosis of NAFLD during the study period.
Liver biopsy was performed to examine the presence of
NASH and to confirm the diagnosis. Patients were clini-
cally diagnosed with NAFLD prior to biopsy based on
the following criteria: (i) persistent abnormal liver func-
tion tests for more than 3 months, (i) ultrasonographic
images showing steatosis, (iii) no evidence of alcohol
abuse, and (iv) exclusion of other liver diseases and
other known causes of steatosis based on the results of
specific clinical, biochemical, or imaging studies. The
ultrasonographic findings of steatosis were based on
established criteria such as hepatorenal echo contrast,
liver brightness, deep attenuation, and vascular blur-
ring (Hamaguchi et al. 2007). The first two criteria were
used as definitive criteria, while the latter two criteria
were taken into account as needed. All patients were
confirmed not to have chronic viral hepatitis with nega-
tive results for hepatitis B virus (HBV) surface antigen,
HBV DNA, hepatitis C virus {HCV) antibody, and HCV
RNA. No patients were diagnosed as having autoim-
mune hepatitis, primary biliary cirrhosis, or other liver
diseases.

All patients underwent ultrasonography-guided fine
needle liver biopsy using a 17G biopsy needle. NAFLD
was pathologically diagnosed based on pathologic find-
ings in the biopsied liver specimens. The liver biopsy
specimens were stained with hematoxylin and eosin,
Masson’s trichrome, and periodic-acid Schiff stains
and then examined by experienced pathologists. The
liver specimens were categorized into types 1-4 patho-
logically based on Matteoni classification (Matteoni
et al. 1999), and types 3 and 4 were defined as NASH.
Patologic evaluations were performed by two patholo-
gists independently.

The study protocol was in compliance with the
Helsinki Declaration and was approved by the institu-
tional review board of Ogalkd Municipal Hospital. All
patients provided written informed consent for the use of
their clinical data and the analyses of biopsy specimens
and serum samples.

RNA extraction and real-time PCR for gene
expression analyses
Liver biopsy specimens were stored in Ambion RNAlater
solution (Life Technologies, Carlsbad, CA, USA) at -80°C
until RNA extraction. Total RNA was extracted using
the mirVana miRNA isolatidon kit (Life Technologies)
according to the manufacturer’s instructions.

¢DNA was synthesized using the Transcriptor High
Fidelity cDNA Synthesis Kit (Roche, Basel, Switzerland).
Total RNA (2mg) in 10.4 pL of nuclease-free water was
added to 1mL of 50mM random hexamer. The dena-
turing reaction was performed for 10min at 65°C. The

©2013 Informa UK, Ltd.
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denatured RNA mixture was added to 4mL of 5x reverse
transcriptase buffer, 2mL of 10mM dNTP, 0.5 mL of 40U/
mL RNase inhibitor, and 1L.1mL of reverse transcrip-
tase (FastStart Universal SYBR Green Master, Roche)
in a total volume of 20mL. The reaction ran for 30min
at 50°C (cDNA synthesis), and 5min at 85°C (enzyme
denaturation). All reactions were run in triplicate. The
Chromo4 detector (Bio-Rad, Hercules, CA, USA) was
used to detect mRNA expression. The primer sequences
are follows: TIMPI: 5’-cttggcttctgeactgatgg-3° {sense),
5'-acgctggtataaggtggtct-3’ (antisense); TIMP2: 5%-agtg-
gactctggaaacgaca-3’ {sense); 5’-tctetgtgacccagtecate-3”
{antisense); MMP2: 5'- aacgccgatggggagtactg-3 (sense);
5’-cagggctgtecttcagegtt-3/ (antisense); MMP13: 5'-gag-
gctcegagaaatgeagt-3’ (sense); 5’-atgccatcgtgaagtctggt-37
(antisense); and B-actin: 5’-ccactggcatcgtgatggac-3/
(sense), 5’-tcattgccaatggtgatgacct-3/ (antisense). Assays
were performed in triplicate, and the expression levels
of target genes were normalized to the expression of the
B-actin gene as quantified using real-time quantitative
PCR as an internal control.

Measurement of serum levels of fibrosis-associated
proteins

Serum levels of TIMP1, MMP2, and hyaluronic acid were
measured in stored fasting serum samples that had been
obtained at the time of liver biopsy. Serum TIMP1 lev-
els were measured by enzyme immunoassay (hTIMP-1
kit, Daiichi Fine Chemical, Toyama, Japan). Serum
MMP2 levels were measured by enzyme immunoassay
(hMMP-2 Activity Assay System, GE Healthcare Japan,
Tokyo, Japan). Serum hyaluronic acid was measured
by the latex agglutination method (Hyaluronic acid LT,
Wako Pure Chemical Industries, Osaka, Japan).

Statistical analysis

Quantitative values are expressed as means + SD.
Between-group differences were analyzed by the chi-
square test. Differences in quantitative values between
two groups were analyzed by the Mann-Whitney U test.
Correlation between liver tissue mRNA and serum levels
of TIMP1 and MMP2 were evaluated with Spearman’s
test. Multivariate analysis was performed using logistic
regression models. All p values were 2-tailed, and p < 0.05
was considered to indicate statistical significance.

Results

Background characteristics of study patients

Table 1 summarizes the characteristics of the study
patients. Pathologic examination revealed that all
patients had steatosis involving at least 10% of the hepa-
tocytes, and NASH was diagnosed in 43 patients (67.2%).
Among 43 patients diagnosed with NASH, 13 patients
(30.2%) were diagnosed with stage 3 or 4 fibrosis accord-
ing to the Brunt classification (Brunt et al. 1999). No
significant differences were found between patients with
and without NASH with respect to age, sex, body weight,
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laboratory data, and degree of steatosis on pathologic
evaluation (Supplemental Table 1).

Expression of TIMP1, TIMP2, MMP2, and MMP13
mRNA in liver tissue in patients with NAFLD

Figure 1 compares the gene expression levels of TIMP1,
TIMP2, MMP2, and MMP13 based on the quantification
of mRNA in the liver tissue of patients with and without
NASH. The quantity of MMP2 mRNA was significantly
higher in patients with NASH (2.69 £1.40, relative expres-
sion level) than those without (1.50+0.57; p < 0.0001). No
significant differenceswere found in the quantity of TIMP1,
TIMP?2, and MMP13 mRNA. There were no differences in
the quantity of TIMP1, TIMP2, MMP2, and MMP13 mRNA
according to the degree of steatosis (data not shown).

Table 1. Characteristics of study patients (n=64).

Age (years) 51.0+15.0
Sex (male/female) 36 (56.3)/28 (43.7)
Body weight (kg) 70.3£11.5
Body mass index (kg/m?®) 27.1%3.5
Alanine aminotransferase (IU/L) 88.5+76.4
Aspartate aminotransferase (IU/L) 54.3+32.5
Gamma-glutamyl transpeptidase (IU) 87.1+64.6
Total bilirubin (mg/dL) 0.71+£0.54
Albumin (g/dL) 4.22+0.51
Glucose (mg/dL)* 131.6+61.3
Total cholesterol (mg/dL)* 197.8+39.4
Triglyceride (mg/dL)* 162.1+84.3
Hemoglobin A -¢{%) 6.07+1.55
Hemoglobin (g/dL) 14.7+1.6
Platelet count (x10%/uL) 23870
Ferritin (ng/mL) 231.0+190.7
Steatosis (<30%/30—50%/50—70%/70%S)** 17 (26.6)/18 (28.1)/19
(29.7)/10 (15.6)
Diagnosis (NASH/simple steatosis) 43 (67.2)/21(32.8)
Fibrosis (grade 1/2/3/4)*** 20 (46.5)/10 (23.3)/10
(23.3)/3 (6.9)

NASH, non-alcoholic steatohepatitis.

“Measured under fasting conditions.

“Based on pathologic examination.

*Only in patients with NASH by Brunt classification (Brunt 1999).

TIMP-1 TIMP-2

Serum levels of TIMP1, MMP2, and hyaluronic

acid in patients with NAFLD

Figure 2 compares the levels of TIMP1, MMP2, and hyal-
uronic acid in serum samples obtained at the time of liver
biopsy between patients with and without NASH. Serum
levels of TIMP1 and MMP2 showed a significant correla-
tion with liver tissue mRNA levels, respectively, although
the correlation was not strong (p = 0.0003 and p = 0.472
for TIMP1, and p < 0.0001 and p = 0.534 for MMP2,
Supplemental Figure 1). The serum levels of MMP2 and
hyaluronic acid were significantly higher in patients
with NASH than in patients without (MMP2, p = 0.0198,
and hyaluronic acid, p = 0.0042). No significant differ-
ences were found in the serum levels of TIMP1 between
patients with and without NASH.

Univariate and multivariate analyses were performed
for factors associated with NASH (Table 2). In the univar-
iate analysis, serum aspartate aminotransferase (AST),
MMP2, and hyaluronic acid levels were associated with
NASH. In multivariate analysis, serum AST, MMP2, and
hyaluronic acid levels were independently associated
with NASH.

Expression of MMP2 mRNA in liver tissue and

serum levels of MMP2, and hyaluronic acid in NASH
patients with mild fibrosis

When excluding patients with NASH and advanced
fibrosis (Brunt’s fibrosis stage [Brunt et al. 1999] 3 or 4),
the quantity of hepatic MMP2 mRNA remained signifi-
cantly higher in patients with NASH than those without
{p = 0.0010, Figure 3). Serum levels of MMP2 were also
significantly higher in patients with NASH than those
without (p = 0.0020, Figure 3). No significant differ-
ences in serum levels of hyaluronic acid were observed
(p=0.1296, Figure 3). In both univariate and multivariate
analyses, only serum AST and MMP?2 levels were associ-
ated with NASH (Table 3).

The predictive value of serum levels of MMP2 and
hyaluronic acid were analyzed with receiver-operating
characteristic (ROC) analysis. In all patients, serum
MMP2 and hyaluronic acid levels had comparable ability
for predicting NASH among patients with NAFLD with

MMP-2

MMP-13

NASH Simple NASH Simple
(=43} Steatosis {n=43) Steatosis
(n=21) {n=21)
2200849 »=0.0704

NASH Simple NASH Simple
{n=43) Steatosis (n=43) Steatosis
{n=21) (n=21)
p=0.0001 2=0,1224

Figure 1. Relative mRNA expression levels of tissue inhibitor metalloproteinase-1 and -2 (TIMP1 and TIMP2), and matrix metalloproteinase
2 and 13 (MMP2 and MMP13) in the liver tissue of patients with nonalcoholic steatohepatitis (NASH) versus simple steatosis.

Biomarkers




DIULIATKETS OWII0aded Irom informahealthcare com by Mitsuo Watanabe on 01/23/13
For personal use only.

MMP2 for NASH 85

IIMEL IMP2
thglmka ingimiy
fcthy: R L
50 * :
0 3
R . -
Ei '
s : .
" . .
3k e @ 2 . :‘
20 g i i 200 . L0010
1 4 30 H -
A0 . "
'’ " «
150 20
NASH Simple KASH Simple
(=43} Srentorls (0543) Stentosic
=21} (n=2h)
Hyaluronic acid
1ngimly
E -
“
am
3
m ¢
a Pl 0042
V.
w o >
g ¥
" v
NASH Simple
{re=43) Stemosis
=20}

Figure 2. Serum levels of tissue inhibitor metalloproteinase-1 (TIMP1), matrix metalloproteinase-2 (MMP2), and hyaluronic acid in all
patients with nonalcoholic steatohepatitis (NASH) versus simple steatosis. TIMP1, 277.4 +64.6 ng/mL with NASH vs. 256.5 +55.6 ng/mL with
simple steatosis; p = 0.2906, MMP2, 427.8+95.2ng/mL with NASH vs. 353.6 £ 55.1 ng/mL with simple steatosis; p = 0.0198, and hyaluronic
acid, 111.0+131.5ng/mL with NASH vs. 29.3 +21.2 ng/mL with simple steatosis; p = 0.0042.

Table 2. Univariate and multivariate analyses for distinguishing between patients with NASH and sumple steatosis (n = 64).

Univariate analysis Multivariate analysis Odds ratio
(pvalue) (p value) (95% confidence interval)
Age (years) 0.4523
Sex (male/female) 0.9199 -
Body weight (kg) 0.4524
Body mass index (kg/m?) 0.2999 -
Alanine aminotransferase (IU/L) 0.2061 -
Aspartate aminotransferase (IU/L) 0.0146 0.0258 938.371 (4.9097-922101.2)
Gamma-glutamyl transpeptidase (1U) 0.5724 -
Total bilirubin (mg/dL) 0.1126 -
Albumin (g/dL) 0.1959 -
Glucose (mg/dL)* 0.1898
Total cholesterol (mg/dL)* 0.2338
Triglyceride (mg/dL)* 0.1696 -
Hemoglobin A -¢ (%) 0.9370 -
Hemoglobin (g/dL) 0.5974
Platelet count (x10%/pL) 0.0613 -
Ferritin (ng/mL) 0.5443 -
TIMP1 (ng/mL) 0.2224 -
MMP2 (ng/mL) 0.0058 0.0275 364.171 (3.9968-174225.9)
Hyaluronic acid (ng/mL) 0.0228 0.0351 23346.68 (32.5694-298598)
Steatosis (<30%/30-50%/50-70%/70%<)** 0.8713 -

NASH, non-alcoholic steatohepatitis; TIMP1, tissue inhibitor metalloproteinase-1; MMP2, matrix metalloproteinase-2.

*Measured during fasting conditions.
*Based on pathologic examination.

similar area under the ROC curves (AUROC) (MMP2, 0.73
and hyaluronic acid, 0.77, Supplemental Figure 2). When
NASH patients with advanced fibrosis were excluded, the
ability of serum hyaluronic acid levels to predict NASH
decreased (AUROC, 0.63), whereas the predictive ability
of serum MMP2 levels remained similar (AUROC, 0.74,
Supplemental Figure 3).

© 2013 Informa UK, Ltd.

Discussion

In the present study, we observed enhanced gene expres-
sion of MMP2 in liver tissue, along with elevated serum
levels of MMP2, both of which showed the correlation, in
patients with NASH compared to those with simple ste-
atosis. MMP2 expression reportedly increases during the



Biomarkers Downloaded from informahealthcare.com by Mitsuo Watanabe on 01/23/13
For personal use only

86 H.Toyoda etal.

MMP2 (tissue}

MMP2 (sertm)

(npisdy
AKX g e
®
3 @ .
23 b [
ey wa “
a ot
13 B o ¢ & e
\ pEd 10 A ot ¢
- L) e L20
B3 KTk “w
@ B
NASH Simple 31
(n=30 Steatosis NASH Simple
{n=21} {nx30) Steatosis
(a=21)

Hyaluronic acid

(upml)

500 -
FO
300 =4
2x)
4 ® Pe01200
1k 4 3
4 wif * “
. H £
NASH Stmple
{n=30) Steatosis
(n=21)

Figure 3. Quantity of matrix metalloproteinase-2 (MMP2) mRNA in liver tissue and serum levels of MMP2, and hyaluronic acid
in nonalcoholic steatohepatitis (NASH) patients without advanced fibrosis versus patients with simple steatosis. MMP2 mRNA,
2.23+0.84 with NASH vs. 1.50+0.57 with simple steatosis; p = 0.0010, serum levels of MMP2, 441.8+99.6ng/mL with NASH vs.
353.6+55.1 ng/mL with simple steatosis; p = 0.0020, and serum levels of hyaluronic acid, 143.1+ 31.1ng/mLwith NASHvs. 130.3+63.1ng/mL
with simple steatosis; p = 0.1296.

Table 3. Univariate and multivariate analyses for distinguishing patients with NASH and simple steatosis, excluding NASH patients with
advanced fibrosis (7 = 51).

Univariate analysis Multivariate analysis Odds ratio
(pvalue) (p value) (95% confidence interval)
Age (years) 0.7699 -
Sex (male/female) 0.9730 -
Bodyweight (kg) 0.3089 -~
Body mass index (kg/m?) 0.2221 -
Alanine aminotransferase (TU/L) 0.1769 -
Aspartate aminotransferase (IU/L) 0.0309 0.0251 240.057 (3.5678-72252.5)
Gamma-glutamyl transpeptidase (IU) 0.7185 -
Total bilirubin (mg/dL} 0.1344 -~
Albumin (g/dL) 0.3718 -
Glucose (mg/dL)* 0.5584 -~
Total cholesterol (mg/dL)* 0.5173 -
Triglyceride (mg/dL)* 0.1327 -
Hemoglobin A, -¢ (%) 0.7368 -
Hemoglobin (g/dL) 0.8608 -
Platelet count (x10%/uL) 0.5635 -
Ferritin (ng/mlL) 0.8109 -
TIMP1 (ng/mL) 0.2302 -
MMP2 (ng/mL) 0.0047 0.0068 2759.72 (19.7697-2163013)
Hyaluronic acid (ng/mL) 0.1007 -
Steatosis (<30%/30-50%/50-70%/70%<)** 0.2877 -

NASH, non-alcoholic steatohepatitis; TIMP1, tissue inhibitor metalloproteinase-1; MMP2, matrix metalloproteinase-2.

*Measured during fasting conditions.
**Based on pathologic examination.
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progression of liver fibrosis (Ebata et al. 1997; Hemmann
et al. 2007), and our results indicated that liver fibrosis is
proceeding in patients with NASH.

NASH is usually diagnosed by histological evalu-
ation of specimens obtained by liver biopsy and this
is currently the only reliable and accepted method for
the evaluation of liver fibrosis. However, liver biopsy is
invasive and carries the risk of intraperitoneal bleeding.
Therefore, noninvasive indicators of NASH in NAFLD
patients would be important. Several biomarkers have
been studied as indicators of NASH in patients with
NAFLD (Malik et al. 2009; Miele et al. 2009). The serum
level of hyaluronic acid is an important matker for the
identification of patients with NASH. Because serum
hyaluronic acid levels increase with the progression of
liver fibrosis (Adams 2011} and the increase can simply
reflect accumulated fibrosis in the liver as a result of
the progression of NASH, it may not be an indicator of
NASH but with mild fibrosis (i.e. early stage of NASH).
Although serum hyaluronic acid levels were significantly
higher in patients with NASH than those without NASH
in the present study, we failed to find significant differ-
ences in serum hyaluronic acid levels between NASH
patients with mild fibrosis and those without NASH.
Whereas the AUROC for serum hyaluronic acid level in
predicting NASH was more than 0.7 in patients includ-
ing advanced fibrosis in the study by Malik et al. and in
the present study, it decreased from 0.77 to 0.63 when
focusing on patients with mild fibrosis in the present
study. Serum hyaluronic acid levels, therefore, do not
appear to be useful for distinguishing NASH patients
with mild fibrosis from patients without NASH. In con-
trast, the AUROC for serum MMP2 levels in predicting
NASH remains greater than 0.73 even in the subpopu-
lation with mild fibrosis. In clinical practice, it will be
important to identify NASH patients with mild fibrosis,
before the progression of liver fibrosis caused by NASH,
from NAFLD patients. Serum MMP2 levels may be use-
ful for this purpose.

Conclusion

In patients with NASH, gene expression of MMP2, a pro-
tein associated with liver fibrosis, was enhanced in the
liver tissue and serum levels of MMP2 were increased,
indicating the initiation of liver fibrosis in this subpopu-
lation. These results were also observed when NASH
patients with advanced fibrosis were excluded. MMP2
may be a noninvasive indicator of early stage of NASH in
patients with NAFLD.

© 2013 Informa UK, Ltd.
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