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Abstract

Background and Aim: To compare the efficacy and safety of pegylated interferon
(PEG-}) at 1 and 1.5 pg/kg, and in combination with ribavirin (RBV) for 24 weeks in naive
Japanese patients infected with hepatitis C virus genotype 2.

Methods: The present study was an open-label, randomized trial of 55 patients receiving
PEG-I (1 or 1.5 pug/kg body weight [BW], subcutaneously, once a week) and RBV for
24 weeks. The patients were followed up for 24 weeks without treatment.

Resnlts: The intention-to-treat analyses showed that the proportion of patients with a
sustained virological response {SVR) in the 1-ug/kg PEG-I-RBV group (38.5%, 10/26)
was lower than that of the 1.5-pug/kg PEG-I-RBV group (74.1%, 20727, P =0.013). The
PEG-I dose was reduced in two of the 26 patients of the 1-pg/kg PEG-I-RBV group (one
because of thrombocytopenia at 2 weeks, and one because of generalized fatigue at
20 weeks), and four of the 27 patients of the 1.5-pug/kg PEG-I-RBV group (one because of
neutropenia at 20 weeks, and three because of generalized fatigue at 1, 5, and 8 weeks). The
multivariate analysis identified age (< 60 years) and dose of PEG-I (1.5 pg/kg) as signifi-
cant determinants of SVR.

Conclusion: The dose of PEG-I to be used at the start of therapy should be 1.5-pg/kg BW

in naive Japanese patients infected with hepatitis C virus genotype 2.

Introduction

Hepatitis C virus (HCV) infection is a major cause of chronic liver
disease, with an estimated 170 million chronic carriers world-
wide.! Chronic HCV infection is causally associated with liver
cirthosis (LC) and hepatocellular carcinoma (HCC).>S In Japan,
60-70% of patients with HCC or L.C are HCV carriers.”
Pegylated interferon (PEG-I)-o plus ribavirin (RBV), the
current standard treatment for chronic HCV infection, can increase
the sustained virological response (SVR) rate.*'* In this regard, a
small scale, non-randomized study by the Hepatitis C Intervention
Therapy Group on the use of PEG-I-a2b plus RBV reported that
the SVR rate of patients infected with HCV genotype 2 treated for
24 weeks at a dose of 1.4 pg/kg once per week (83%) was equiva-
lent to that of patients (100%) treated with 0.7 pg/kg once per
week."® Moreover, Lindsay ef al."* reported that the SVR rate of
patients infected with HCV genotype 2 on 48-week PEG-I-02b
monotherapy (dose: 1.5 pg/kg once per week, 41%) was similar
to that of patients (42%) treated with 1 pg/kg once per week.

Journal of Gastroenterology and Hepatology (2008} © 2008 The Authors

Meyer-Wyss et al.'” reported that SVR rates in patients infected
with HCV genotype 2 or 3 were similar to those if patients treated
with 1 or 1.5 pg/kg PEG-I body weight [BW], that is, SVR rates
were achieved in 39 of 55 (71%) and 29 of 36 (81%) patients,
respectively (P =ns), Mangia et al.'® reported that the SVR rate
of patients infected with HCV genotypes treated with PEG-I at
1 pg/kg BW was 80%.

However, there are no reports on whether 1 and 1.5 pg/kg doses
of PEG-I plus RBY for 24 weeks have similar efficacies and safety
in Japanese patients infected with HCV genotype 2. It is important
to study the response to such low-dose interferon because some
Japanese patients who receive treatment are older than 60 years. In
addition, it is possible that the SVR rate to interferon is better in
patients infected with HCV genotype 2.

The aim of the present study was to determine whether 1 and
1.5 ug/kg doses of PEG-I plus RBV for 24 weeks have similar
efficacies and safety in naive Japanese patients infected with HCV
genotype 2. For this purpose, we conducted a randomized clinical
trial to evaluate the efficacy and safety of 1 jtg/kg versus 1.5 ug/kg

1

Journal compilation © 2008 Journal of Gastroenterclogy and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd
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PEG-1 combined with RBV for 24 weeks in naive-infected
patients with HCV genotype 2.

Methods

Patients and study design

This study was an open-label, randomized clinical trial conducted
in six centers across Japan. Enrolment spanned from February
2006 to October 2007. The inclusion criteria were male and female
patients with chronic hepatitis C who were than 20 years. Naive
cases were infected with HCV genotype 2.

The exclusion criteria were as follows: (i) patients treated with
Shosaiko-to, a Japanese herbal medicine considered to improve
liver function; (ii) patients with autoimmune hepatitis; (iii) patients
with a history of hypersensitivity to PEG-I-a-2a or other interfer-
ons; (iv) patients with a history of hypersensitivity to biological
products, such as vaccines; (v) patients with decompensated liver
cirthosis (LC); (vi) patients with hepatocellular carcinoma (HCC)
or malignant tumors in other tissues; (vii) patients with or without
a history of severe psychosis, such as being severely depressed
and/or suicidal; (viii) women who were pregnant or lactating or
who were suspected of being pregnant; and (ix) patients judged by
the investigator not to be appropriate for inclusion in this study.

The patients were randomly allocated (1:1, groups of four,
central randomization) to one of the following two parallel treat-
ment groups: the 1-ugfkg PEG-I-RBYV group and the 1.5-pug/kg
PEG-I-RBV group. The patients of the former group received
1 ug/kg BW PEG-I subcutaneously once a week. The RBV dose
was adjusted according to BW: 600 mg for = 60 kg BW, 800 mg
for > 60 kg BW, but =< 80 kg BW and 1000 mg for > 80 kg BW,
based on the drug information for RBV supplied by the manufac-
turer, These durations and dosages are those approved by the
Japanese Ministry of Health, Labor and Welfare. -

A lower dose of RBV was selected by the Japanese Ministry of
Health, Labor and Welfare. Patients of the latter group were treated
with 1.5 pg/kg BW PEG-I subcutaneously once a week. The RBY
dose was also adjusted according to BW as described earlier. The
daily dose of RBV was reduced by 200 mg when hemoglobin (Hb)
fell below 10 g/dL, there was an acute decrease followed by the
stabilization of Hb concentrations at more than 3 g/dL. from
baseline, or the appearance of clinical symptoms of anemia (e.g.
palpitation, dyspnea on efforts, and fatigne) associated with 2
decrease in Hb of > 2 g/dL from baseline. Once the RBV dose was
reduced, it was maintained at that level throughout the rest of study
when patients complained of anemia-related symptoms of fatigue
or pallor. However, RBV was discontinued when Hb fell below
8.5 g/dL or when patients manifested more severe anemia, includ-
ing orthostatic hypotension. After the end of the 24-week active
treatment, the patients were followed up for a further 24 weeks
without treatment.

The study was conducted in accordance with the Declaration of
Helsinki and was approved by the local ethics committees of atl of
the participating centers. Written informed consent was obtained
from all participating patients.

Data collection

Visits were scheduled at baseline, after 1, 2, 3, 4, and 8 weeks of
treatment, at 4-week intervals until the end of treatment, and

T Kawacka et al.

finally, 4 and 24 weeks after the completion of treatment. At each
visit, blood samples were analyzed for hematology and blood
chemistry at the local hospital laboratory using standard method-
ology. Serum HCV-RNA was determined at baseline, after 4, 8, 12,
16, and 20 weeks of treatment, at the end of treatment, and at the
end of the 24-week, drug-free follow-up period. HCV-RNA was
centrally assessed by qualitative reverse transcription—polymerase
chain reaction. The histopathological stage was conducted before
treatment and determined based on the histological scoring system
of Desmet et al.’®

At each visit, information on possible side-effects was obtained
by questioning the patients in a structured manner about specific,
commonly observed, and expected side-effects of the study medi-
cation, such as flu-like symptoms, fatigue, nausea, vomiting, diar-
rhea, dizziness, depression, and hair loss.

Data management and statistical analysis

The primary objectives of the study were to show the efficacy and
safety of PEG-I at 1 pg/kg versus 1.5 pug/kg. The primary study
end-point was SVR, defined as HCV-RNA below the detection
limit at the end of the follow-up period, that is, 24 weeks after the
completion of treatment. The secondary end-points were initial
and end-of-treatment virological responses at weeks 4 and 24, and
virological breakthrough and relapse, that is, the reappearance of
HCV-RNA during therapy and follow up, respectively. Safety and
tolerability, as reflected by clinical and laboratory side-effects,
were analyzed descriptively.

Non-parametric tests were used to compare variables between
groups (Mann—Whitney U-test, two-tailed test, and Fisher's exact
probability test). Missing HCV-RNA values were treated on a
worst-case basis, that is, they were treated as if they would have
remained above the detection limit. Thus, patients with missing
values and those who abandoned the study prematurely were clas-
sified as treatment failures at the time points following withdrawal,
regardless of the reason for discontinuation. The intention-to-treat
(ITT) analyses for efficacy and safety were performed based on the
patients who received at least one dose of the study medication.

Univariate and multivariate logistic regression analyses were
used to determine the predictors of SVR. We also calculated the
odds ratios and 95% confidence intervals (95%CI). All P-values
less than 0.05 by two-tailed tests were considered significant.
Variables that achieved statistical significance (P < 0.05) or mar-
ginal significance (P < 0.10) upon the univariate analysis were
entered into the multiple logistic regression analysis to identify
significant independent factors. Potential predictive factors asso-
ciated with SVR included the following variables: sex, age, body
mass index, genotype (2a or 2b), aspartate aminotransferase,
alanine aminotransferase, platelet count, seum iron, serum fer-
ritin, hyaluronic acid, viremia level, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol (LDL-
C), pathological staging, dose of PEG-I, RBV dose/BW, > 80% of
RBY total dose, and reaching undetectable levels by week 4.
Statistical analyses were performed using SPSS software (SPSS,
Chicago, IL, USA).

Results

A total of 55 patients were enrolled. Of these, two patients were
excluded from randomization because of decompensated cirrhosis.
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A total of 53 patients were randomized. Thus, 53 patients (n = 26, Efficacy
for the 1-pg/kg PEG-I-RBV group, and n = 27 for the 1.5-pg/kg
PEG-I-RBV group) received at least one course of treatment ITT analysis

(Fig. 1). Table 1 summarizes the baseline characteristics of the 53
patients. These were similar in the two treatment groups; the
majority of patients were males, with a median age of = 50 years
and median BW of > 50 kg.

The proportion of patients in the 1-pg/kg PEG-I-RBV group who
exhibited a rapid decrease in HCV-RNA to undetectable levels
(HCV-RNA = 100 copies/mL) by week 4 (57.7%, 15/26) was not

Enrolment
(n=55)
Excluded from the study:2 patients
with decompensated cirrhosis
Randomization
(n=53)
1.0ng/kg EGIBW popl;ll:ﬁm 1.5|:1g1‘kg PEG-] BW
(n=26) 'n=53 (n=27)
Discontinued treatment Discontinued treatment due
(n=3) due to on. o an-treatment ad
adverse events (1=2) and events (n=2)
missing data (n=1)
Patients completed
treatment
(n=25)
Figure 1 Flow diagram showing the number Lost to follow up
of patients who enrolled in the study and ; (n=1)
those who withdrew from the study. BW, Completed treatment and | | :}P . Completed treatment and
— . . . 24-week follow up population 24-week follow up
body weight; ITT, intention to treat; PP, per (n=23) =47 (n=24)
protacol.

Table 1 Baseline characteristics

1 ng/kg pegylated 1.5 uglkg pegylated Pvalue
interferon + ribavirin {n = 26) interferon + ribavirin (n = 27)

Age lyears)* 57 {31-77) 55 (41-75) NS
Sex (maleffemale) 817 15112 NS
Body weight {kg)* 53 (40-85) 61 (38-83) NS
Body mass index {kg/m2)* 22.1 {16.9-34.0) 23.9 (16.1-28.9} NS
Genotype (2a/2b} 1313 13/14 NS
White blood cell {x103/gL)* 5.8 (4.0-7.2) 5.2 {3.9-6.4) NS
Neutrophil cell (x103/uL)* 3.0 (2.0-4.0} 2.8 {1.8-3.5) NS
Hemoglobin {g/dL)* 13.3 (9.8-16.4) 13.7 (11.3-17.6) NS
Platelet count {x10%mm?)* 20.9 {15.5-27.9) 20.1 {16.2-26.9) NS
Serum aspartate aminotransferase (IUL)* 32 {18-164) 37 {18-203} NS
Alanine aminotransferase {IU/L}* 31 {16-164) 34 {17-180} NS
Serum iron (ug/dL)* 129 {12-246) 107 (80-275) NS
Serum ferritin (pg/dL)* 75.3 (4.9-389.3) 92 (4.9-671) NS
Total cholesterol (mg/dL}* 198 (134-249) 175 {117-279) NS
High-density lipoprotein cholestero! {mg/dL)* 55 (25-98) 55 {32-78) NS
Low-density lipoprotein cholesterol {mg/dL)* 124 (63.8-176.4) 104.6 {44.2-188.2) NS
Triglycerides (mg/dL)*® 93 {12.8-210) 95 {46-210} NS
Hyaluronic acid* ) 51 (9-411) 47 {10.3-411) NS
Hepatitis C virus viremia (KIU/mL}* 1100 (200-> 5000} 1700 {300—> ,000) NS
Histologicat stage! (FO/F1/F2/F3) 1/14/8/3 0/13/9/5 NS
*Values are median {rangel; 'as assessed by the local pathologist. NS, not significant.
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Table 2 Adherence to therapy

T Kawaoka et al.

Treatment 1 ngfkg pegylated 1.5 pg/kg pegylated Pvalue
interferon + ribavirin {n=286) interferon + ribavirin {n = 27)

> 80% of pegylated interferon dose/ < 80% of pegylated interferon doset 2271 241 NS

Premature withdrawal of pegylated interferon 3 2 NS

Ribavirin dose img/kg)* 11.5 (9.4-15.0) 11.6 {10.0-16.0} NS

> 80% of ribavirin dose/ < 80% of ribavirin dose' 21/ 2 2243 NS

Premature withdrawal of ribavirin 3 2 NS

*Values are median (range}; 'actual dose was >80% of prescribed pegylated interferon and ribavirin dose. Patients who received full-length
treatment, but required dose reductions {< 80% of the originally assigned dose}. NS, not significant.

926 92.6 92.6
100 718 (29) 25 (25)
,,,,, SRR - S
° 88.5 88.5°, 74.1
g (23) 3 (20)
1 A
wg .
& » 385
g x(10)
£
o
&
&
12 16 20 24 48
Study duration (wecks)

Figure 2 Results of the intention-to-treat analyses. Numbers are per-
centage and (number) of patients of each treatment group. Data repre-
sent the proportion of responders at the end of the indicated week of
therapy (024 weeks) and those who achieved a sustained virological
response {at 48 weeks). With regard to the virological response to
combination therapy, patients of both groups exhibited a rapid decrease
in HCV-RNA, reaching undetectable levels (HCV-RNA =< 100 copies/mL}
each week. *P=0.13; *P=0.013. =, 1 ug {(n=26); o, 1.6 ug (n=27).

significantly different from that of the 1.5-ug/kg PEG-I-RBV
group (77.8%, 21/27; P = 0.13). Further analysis showed that 10 of
15 (66.7%) patients of the 1-pg/kg PEG-I-RBV group who exhib-
ited a rapid decrease in HCV-RNA to undetectable levels by week
4 achieved SVR. Twenty of 21 (95.2%) patients of the 1.5-pg/kg
PEG-I-RBV who exhibited a rapid decrease in HCV-RNA to
undetectable levels by week 4 achieved SVR (Fig. 2).

The proportion of end-of-therapy responders of the 1-ug/kg
PEG-I-RBV group (88.5%, 23/26) was similar to that of the 1.5-
pe/kg PEG-I-RBYV group (92.6%, 25/27) (Fig. 2). The proportion
of patients of the 1-pg/kg PEG-I-RBV group who showed SVR
(38.5%, 10/26) was significantly lower than that of the 1.5-pg/kg
PEG-I-RBV group (74.1%, 20/27; P = 0.013). Furthermore, the
proportion of patients of the 1-pg/kg PEG-I-RBV group who
developed viral relapse after the end of treatment (50%, 13/26)
was significantly higher than that of the 1.5-pg/kg PEG-I-RBV
group (18.5%, 5/27; P =0.047; Fig. 2).

Tolerance of therapy and adverse events

There was no difference in the proportion of drop-out patients
from the 1l-ugkg PEG-I-RBV group (7.7%, 2/26, one for
depression, and one for generalized fatigue) and that of the

1.5-uglkg PEG-I-RBV group (7.4%, 2/27, one for excitability,
and one for generalized fatigue).

The dose of PEG-I was reduced in two of the 26 (7.7%) patients
of the 1-pg/kg PEG-I-RBY group (one patient for thrombocytope-
nia at 2 weeks, and one patient for generalized fatigue at
20 weeks), and four of the 27 (14.8%) patients of the 1.5-pg/kg
PEG-I-RBYV group (one patient for neutropenia at 20 weeks, and
three patients for generalized fatigue [one patient at 3 weeks, one
patient at 5 weeks, and one patient at 8 weeks]). There was no
significant difference in the proportion of patients who required a
PEG-I dose reduction (P = 1.0).

The changes in leukocyte and platelet counts during the
24-week treatment period were similar between the two groups.
However, the neutrophil cell count was significantly different
between the two groups at 1 and 24 weeks. The dose of RBV was
reduced due to anemia in 15 of the 26 (57.7%) patients of the
1-ug/kg PEG-I-RBV gioup, and for the same reason in 10 of the
27 (37%) patients of the 1.5-pg/kg PEG-I-RBV group. In addi-
tion, 21 (80.7%) patients of the 1-ug/kg PEG-I-RBV group
administered > 80% of the prescribed RBV dose, while the > 80%
dose was administered by 22 (81.5%) of the 1.5-ug/kg PEG-I-
RBYV group (P = not significant). There was no significant differ-
ence between the two groups with regard to the number of patients
who required a RBV dose reduction (Table 2).

Predictors of SVR

The univariate analysis identified nine parameters that influenced
SVR: age (<60 years; P=0.001), Hb (>13 g/dL; P=0.021),
serum iron (< 120 pg/dL; P =0.044), triglycerides (= 100 mg/dL,;
P =0.034), LDL-C (<120 mg/dL; P =0.061), dose of PEG-I
(1.5 pg/kg; P =0.009), total RBV dose (> 80%; P =0.003), and
reaching undetectable levels of HCV-RNA (HCV-RNA = 100
copies/fmL) by week 4 (= 100 copies/mL; P = 0.028). The multi-
variate analysis identified two parameters that independently
influenced the SVR: age (<60 years; odds ratio 11.93, 95%CI
1.75-81.19; P =0.011), and the dose of PEG-I (1.5 pg/kg; odds
ratio 5.502, 95%CI 1.248-24.26, P =0.024; Table 3). These
results indicated that age and the dose of PEG-I are significant and
independent predictors of SVR.

Discussion

Although the number of patients in this clinical trial was relatively
small, our results showed a significantly lower SVR in patients of
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Table 3 Multivariate analysis of factors associated with sustained viro-
logical response to pegylated interferon-ribavirin combination therapy in
patients infected with hepatitis C virus

Factors Category Odds ratic (95% Pvalue
confidence interval)
Age lyears} 1=60 1
2 <60 11.83 {1.75-81.19) 0.011
Dose of pegylated 1 ngrkg 1 )
interferon 1.5 pglkg 5.502 {1.248-24.26) 0.024

the 1-ug/kg PEG-I-RBV group than that of the 1.5-pg/kg PEG-
I-RBYV group in the ITT analysis. Furthermore, the frequency of
viral relapse at the end of treatment was higher in the lower PEG-1
dose group than in the higher dose group. The cause of the high
relapse rate was probably a result of the slower viral response of
HCV-RNA in the 1-ug/kg PEG-I-RBV group. Although Meyer-
Wyss et al.”” reported that the virological response rates towards
the commencement of treatment at week 8 and at the end of
treatment at week 48 were not significantly different between the
two treatment groups, in the present study, the proportion of
patients of the 1-pg/kg PEG-I-RBV group who showed viral
response (57.7%, 15/26) at 4 weeks tended to be lower than that of
the 1.5-pg/kg PEG-I-RBV group (77.8%, 21/27; P=10.13). This
in agreement with the results of Rumi et al.,”® who reported that
failure of PEG-I therapy could be predicted by the lack of a rapid
virological response in patients infected with HCV genotype 2.
Meoreover, patients with an early virological response seemed to
have a high rate of SVR*® Accordingly, the time of viral
response in the 1-pg/kg PEG-I-RBV group will be achieved later
than that of the 1.5-pug/kg PEG-I-RBV group. This suggests that if
an early virological response is not evident, treatment with PEG-I
should probably be extended to 48 weeks in order to increase viral
clearance and improve the SVR rate. In this regard, treatment with
PEG-I-RBV for 16 weeks in patients infected with HCV genotype
2 or 3 is reported to achieve a lower overall SVR rate than the
standard 24-week regimen.®

The SVR rate of the 1-ng/kg PEG-I-RBV group was lower than
that reported in previous studies.!™!8*27 1t is possible that these
differences are related to differences in race, age of studied patients,
and the dose of RBV. The mean age of our patients was 50 years, but
has been reported to be 30-40 years in previous studies,™82526 In
addition, while previous studies evaluated patients infected with
HCV genotypes 2 and 3, the number of patients infected with
genotype 2 was small."” Although Meyer-Wyss et al."” reported that
although SVR rates in patients infected with HCV genotypes 2 and
3 were similar between patients treated with 1 or 1.5 pg/kg PEG-I
BW, were differences between the virological response (85%) at the
end of treatment and the virological response (71%) at the end of
follow up, in patients treated with 1-pg/kg PEG-1. This means that
a high proportion of patients of the 1-pg/kg PEG-I-RBV group
developed viral relapse after the end of treatment.

The dose of RBV used in the present study was lower than that
used in previous studies.!™'®*' The above durations and dosages
are those approved by the Japanese Ministry of Health, Labor and
Welfare. A lower dose was selected by the Japanese Ministry of
Health, Labor and Welfare. In this regard, 21 (80.7%) patients of
the 1-pg’kg PEG-I-RBV group were administered > 80% of the
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prescribed RBV dose, while the >80% dose was used by 22
(81.5%) patients of the 1.5-ug/kg PEG-I-RBV group (P=not
significant). There was no significant difference between the two
groups with regard to the number of patients who required RBV
dose reduction. In addition, there was no significant difference
between the two groups with regard to the concentration of RBY
at 8 weeks (data not shown). ‘

In our study, the proportion of patients of the 1.5-pg/kg PEG-
I-RBYV group who showed SVR was significantly higher than that
of the 1-ug/kg PEG-I-RBV group, despite the lack of a significant
difference in the exposure to RBV. The proportion of end-of-
therapy responders of the 1-pug/kg PEG-I-RBV group was similar
to that of the 1.5-pgfkg PEG-I-RBV group. Although the propor-
tion of patients who exhibited a rapid decrease in HCV-RNA to
undetectable levels (HCV-RNA = 100 copies/mL) by week 4 was
similar in the two treatment groups, the proportion of patients of
the 1-pg/kg PEG-I-RBV group who showed viral respomse
(57.7%, 15/26) at 4 weeks tended to be lower than that of the
1.5-ug/kg PEG-I-RBV group (77.8%, 21/27; P=0.13). This
finding suggests the clinical importance of the time period during
which HCV-RNA is at undetectable levels (= 100 copies/mL).

In the IDEAL (Individualized Dosing Efficacy Versus Flat
Dosing To Assess Optimal Pegylated Interferon Therapy) study,
the proportion of 1-up/kg PEG-I-RBV patients who developed
SVR was similar to that of the 1.5-pg/kg PEG-I-RBV group.”” We
believe that there was no significant difference in the exposure to
PEG-I between the IDEAL study and the present one with respect
to SVR. However, no information was provided in the IDEAL
study on the rapid virclogical response and end-of-therapy
response. Therefore, we could not compare our rapid virological
and end-of-therapy responses with those of that study.

Based on the above results, we believe that the time period
during which HCV-RNA is at undetectable levels (= 100 copies/
mL) is more important than the dosage of PEG-I in 24-week
treatment regimens, that is, we prefer to use the 1.5-ug/kg PEG-
I-RBY regimen since it is more likely to achieve a rapid virologi-
cal response than the 1-pg/kg PEG-I-RBYV regimen.

Our study showed no significant difference between the two
treatment groups in the tolerance of therapy and adverse events. At
the start of the study, we believed that the number of patients of the
1.5-ug/kg PEG-I-RBV group who would require a PEG-I dose
reduction or termination of such therapy would be greater than that
of the 1-ug/kg PEG-I-RBV group. However, the data analysis
showed no significant difference in the proportions of such
patients between the two groups. Furthermore, there were no sig-
nificant differences in the rate of change in leukocyte and platelet
counts over 24 weeks of therapy between the two groups, and
neutrophil cell counts of the 1.5-tg/kg PEG-I1 BW group at 1 and
24 weeks were significantly lower than those of the 1-pg/kg PEG-I
BW group. These results indicated that 1.5 pg/kg PEG-1 BW is a
safe regimen. .

The multivariate analysis showed that SVR was dependent on
the age of the patient and the dose of PEG-1. Other studies reported
a higher SYR rate for young patients than older patients.”** Inter-
estingly, the dose of PEG-I was a significant and independent
predictor of SVR. Furthermore, other studies reported that no or
mild hepatocyte steatosis was a significant factor associated with
SVR.®' However, we did not investigate hepatocyte steatosis
because of the small sample used in this study.
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In conclusion, the dose of PEG-I to be used at start of therapy of
naive Japanese patients infected with HCV genotype 2 should be

1.5 ug/kg BW.
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Abstract

Nonalcoholic steatohepatitis (NASH) is the hepatic manifestation of the metabolic syndrome. Currently, there is no established therapy for
NASH. The aim of the present study was to evaluate the efficacy of atorvastatin in the treatment of NASH associated with hyperlipidemia.
This prospective study included 31 patients with biopsy-proven NASH with hyperlipidemia. Body mass index, serum lipids, liver function
tests, fibrosis markers, and adipocytokines (adiponectin, leptin, tumor necrosis factor—a) were measured periodically during an open-label
study of atorvastatin (10 mg daily) for 24 months. Standard weight-loss counseling was continued during the treatment period. Oral glucose
tolerance test and liver density assessed by computerized tomography were performed before and after treatment. Follow-up liver biopsy was
performed in 17 patients. All 31 patients had high cholesterol levels at baseline, and 20 also presented high triglyceride levels. The body mass
index and serum glucose levels did not change during the treatment. After treatment. 23 patients (74.2%) presented normal transaminase
levels. Adiponectinn levels were significantly increased, and the levels of tumor necrosis factor-a were significantly decreased. However,
leptin levels were not changed significantly. The concentration of long-chain fatty acids was decreased; and significant decreases were
observed in C'18:2,n-6 (linoleic acid, —21%) and C20:4,n-6 (arachidonic acid, —22%). Liver steatosis and nonaleoholic fatty liver disease
activity score were significantly improved, whereas 4 patients had increased fibrosis stage. The NASH-related metabolic parameters
improved with therapy, including fibrosis in some patients. However, 4 of |7 patients had progression of fibrosis over the 2-year period, with
3 of them progressing to stage 3. It is unclear whether this divergent response represents sampling error, heterogeneity in the population, or
untreated postprandial hyperglyceridemia. Controlled trials are needed to further investigate and resolve this.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction approximately 20% of Japanese adults have NAFLD, and

about 1% of those are estimated to be have NASH as well

Nonalcoholic fatty liver disease (NAFLD) encompasses a
broad spectrum: of conditions, ranging from simple steatosis
to nonalcoholic steatohepatitis (NASH). Whereas simple
steatosis seems to be a benign and nonprogressive condition,
NASH is recognized as a potentially progressive disease that
can lead to cirthosis, liver failure, and hepatocellular
carcinoma [1-4]. In Western countries, the prevalence in
the general population of NASH ranges from 1% (o 5%,; and
that of NAFLD ranges from 15% to 39% [5,6]. In Japan, a
quarter of Japanese adults have become overweight,

* Corresponding author. Fax: +§1 82 257 5461,
E-mail uddress: stazunadi;hiroshima-u.ac jp (S. Tazuma).

0026-0495/% - sce front matter © 2008 Elscvier Inc. All rights reserved.
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[7,8]. Thus, the prevalence of NAFLD and NASH is
increasing and becoming a major target disease not only in
Western countries but also in Japan.

Nonalcoholic steatohepatitis is considered the hepatic
manifestation of the metabolic syndrome and is particularly
associated with insulin resistance (IR}, obesity, hypertension,
and abnormalities in glucose and lipid metabolism [9-12].
Currently, there are no proven effective therapies available
for the treatiment of NASH; and strategies have mainly fed to
treat underlying risk factors [13,14]. Promising treatments
for NASH include antioxidants, hepatoprotective agents,
antidiabetic agents, insulin sensitizers, lipid-lowering agents,
and angiotensin Il receptor antagonist {14,15]. Approxi-
mately 70% of patients with NASH have dyslipidemia
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[5,16]. Controlling dyslipidemia with diet, exercise, and
lipid-Jowering agents may help stabilize or reverse NAFLD.
Alorvastatin, an inhibitor of 3-hydroxy-3-methylglutaryl—-
coenzyme A reductase, has been reported to be effective in
patients with NAFLD with dyslipidemia {17-20]. These
reports have demonstrated that therapy with atorvastatin in
NAFLD patients with dyslipidemia was effective for the
reduction of serum aminotransferases and lipid levels. Kiyici
et al [17] have demonstrated that the use of atorvastatin in
NASH patients with hyperlipidemia was effective on the
improvement of serum transaminases and liver density
analyzed by computed tomography (CT). They have also
stated that serum aminotransferases were normalized in
approximately 60% of patients by the treatment of
atorvastatin for 6 months, whereas those were nonmnalized
in approximately 20% of patients treated by ursodeoxycholic
acid [17]. However, the efficacy of atorvastatin treatment for
the histologic changes was not available. These observations
let us to prove the effectiveness of atorvastatin in the
treatment of NASH.

Therefore, in the present study, to evaluate the efficacy of
long-term ireatment of atorvastatin for NASH patients with
hypercholesterolemia, we administered atorvastatin for
24 months to those who had failed to respond adequately to
diet and exercise therapy; and we compared the resulting
changes in clinical parameters, as well as the histologic changes.

2. Materials and methods

2.1. Patients

The prospective study included 31 patients with biopsy-
proven NASH with dyslipidemia. Informed consent was
obtained from each enrolled patient, and the study was
conducted in conformity to the ethical guidelines of the 1975
Declaration of Helsinki {21] and was approved by the ethics
and research committees of our hospital. In all patients, current
and past daily alcohol intake was less than 20 g/wk; details
regarding alcohol consumption were obtained independently
by at least 2 physicians and confimed by close family
members. None of the patients had received any medication
that could cause NASH [22]. In all of these patients, positive
tests for the following disorders were excluded: secondary
causes of steatohepatitis and drug-induced liver disease (eg,
amiodarone [23] and tarnoxifen [24]), alcoholic liver disease,
viral hepatitis, autoimmune hepatitis, primary biliary cimhosis,
o, -antitrypsin deficiency, hemochromatosis, Wilson disease,
and biliary obstruction [22,25].

All patients received atorvastatin (10 mg/d) for 24 months.
In addition. all patients were given standard weight-loss
counseling and encouraged to follow a low-fal and low-
carbohydrate diet before and during the treatment.

2.2. Clinical and laboratory evaluation

A complete physical examination was performed on each
patient before and after freatment. Body mass index (BMI)

was calculated as weight (in kilograms) divided by height (in
meters) squared. Obesity was defined as a BMI greater than
25 kg/m?, according to the criteria of the Japan Society for
the Study of Obesity [26]. A CT scan was used to determine
areas of visceral fat at the level of the umbilicus [27].
Hyperlipidemia was diagnosed for patients with cholesterol
levels greater than 220 mg/dL and/or triglyceride level
greater than 150 mg/dL. Hypertension was diagnosed if the
patient was on antihypertensive medication and/or had a
resting recumbent blood pressure of at least 130/85 mm Hg
on at least 2 occasions.

Venous blood samples were taken in the morning after a
12-hour overnight fast, The laboratory evaluation in all
patients included a blood cell couni; and the levels of
aspartate aminotransferase, alanine aminotransferase (ALT),
y—~glutamyl transpeptidase, total cholesterol, triglyceride,
fasting plasma glucose, hemoglobin A, (HbA,.), free fatty
acid (FFA), hyaluronic acids, ferritin, and high-sensitivity C-
reactive protein (CRP) were measured using the standard
techniques of clinical chemistry laboratories before and after
treatiment. Adiponectin, leptin, tumor necrosis factor (TNF)—
o, insulin, malondialdehyde (MDA), type IV collagen, and
procoilagen type 11I propeptide levels were measured before
and after treatment, as previously reported [22].

A standard 75-g oral glucose tolerance test (OGTT) was
performed on all patients before and afier treatment. After a
12-hour fast, patients were given 75 g oral glucose solution.
Plasma glucose and immunoreactive insulin were measured at
0, 30, 60, 120, and 180 minutes after the oral glucose load.
Impaired glucose tolerance (1GT) was ascertained when at
least ] value was either greater than 110 mg/dL at 0 minute or
greater than 140 mg/dL at 120 minutes, and diabetes was
diagnosed at a 120-minute value of greater than 200 mg/dL
according to the recently published recommendations of the
Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus [28]. Insulin resistance was calculated by the
homeostasis model (HOMA-IR) using the following formula:
HOMA-IR = fasting insulin (in microunits per milliliter) x
plasma glucose {in milligrams per deciliter)/405 [29].

Long-chain fatty acids in total plasma lipids were
determined by using gas chromatography. In bref, total
lipids were extracted from 0.5 mL of plasma using the
method by Folch et al [30]; and isolated lipid fractions were
prepared by transesterification under N, with 14% boron
trifluoride in methanol at 100°C for 20 minutes. Fatty acid
methyl esters were analyzed by gas chromatography using a
Shimadzu gas chromatograph (GC-17A; Shimadzu, Kyoto,
Japan) with flame ionization detector, a 0.25-mm inner
diaimeter, and a 30-m capillary coluinn containing Omega-
wax stationary phase (Supelco, Bellefonte, PA) as reported
previously [31,32]. Peaks of fatty acid methyl esters were
identified by comparing fatty acid retention times with
standard mixtures of fatty acid methyl esters (Supelco). Fatty
acids were quantified using heneicosanoic acid methyl ester
(21:0) as internal standard. Sample measurements were
carried out in triplicates. Twenty-four fatty acid species were
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determined in this study (C12:0, C14:0, Cl4:1wS5, C16:0,
Clé:1w7, C18:0, C18:1w9, C18:2w6, C18:3wb, C18:3w3,
C20:0, C20:1w9, C20:206, C20:3w9, C20:3w6, C20:4wb,
C20:503, C22:0, C22:1w9, C22:4wb, C22:5w3, C24:0,
C22:6mw3, and C24:1w9). Based upon these results, total fatty
acids (TFA), saturated fatty acids (SFA), total unsaturated
falty acids (TUFA), monounsaturaled fatty acids (MUFA),
and polyunsaturated fatty acids (PUFA) were calculated.

2.3. Pathology

Patients enrolled in this study underwent a percutaneous
liver biopsy under ultrasonic guidance using a 16-gauge
SOLO CUT aspiration needle {Create Medic, Yokohama,
Japan) when the informed consent was obtained. The mean
length of the liver biopsy specimens was 30 + 0.4 mm.
Formalin-fixed, paraffin-embedded liver sections were
stained routinely with hematoxylin-eosin, silver reticulin,
Masson trichrome, Perls Prussian blue, and diastase-resistant
periodic acid—Schiff. All the specimens were examined by
an experienced pathologist who was unaware of the clinical
and biochemical data of the patients. All cases of NASH
were scored using the method of Brunt et al [33] as
previously reported [22]. Steatosis was graded as follows:
grade 1 (25% and <33% of hepatocytes affected), grade 2
(33%-66% of hepatocytes affected), or grade 3 (>66% of
hepatocytes affected). Necroinflammation was graded 0
{absent) to 3 (1, occasional ballooned hepatocytes and no or
very mild inflammation; 2, ballooning of hepatocytes and
mild-to-moderate portal inflammation; 3, intraacinar inflam-
mation and portal inflammation). Fibrosis was graded 0
(absent) to 4 (1, perisinusoidal/pericellular fibrosis; 2,
periportal fibrosis; 3, bridging fibrosis; 4, cirrhosis).
Ballooning was graded 0 (none) to 2 (1, few balloon cells;
2, many cells/prominent ballooning). The NAFLD activity
score (NAS) was calculated as the unweighted sum of the
scores for steatosis (0-3), lobular inflammation (0-3), and
ballooning (0-2) as reported by Kleiner et al [34].

2.4, Statistical analyses

Results are presented as the medians and ranges for
quantitative data or as numbers with percentages in
parentheses for qualitative data. Statistical differences in
quantilative data were determined using the Mann-Whitney
U test and the Kruskal-Wallis test, when applicable. Fisher
exact probability test was used for qualitative data.
Correlation coefficients were calculated by Spearman rank
correlation analysis. Differences were considered statisti-
cally significant at all P values less than .05,

3. Results
3.1. Patients enrolled

Thirty-one patients (20 male) of NASH with dyslipide-
mia, with a mean age of 52.5 = 12.4 years, were enrolled in

Table 1
Histologic findings of patients with NASH
NASH (N = 31)
Steatosis grade
| 21 (68%)
2 8 (26%)
3 2 (6%)

Neeroinflammatory grade
] 22 (71%)

2 8 (26%)

3 1(3%)
Fibrosis stage

1 10 (32%)

2 13 (42%)

3 : 8 (26%)

4 0 (0%)
Ballooning score

0 0 (0%)

| : 23 (74%)

2 8 (26%)

Values are nuinber (%).

the study. The histologic findings before treatment are
shown in Table 1. No patient had cirthosis, and 26% had
stage 3 fibrosis. Clinical and laboratory characteristics of
enrolled patients are shown in Table 2. Body mass index
ranged from 21.1 to 33.6 kg/m” and averaged 27.]1 kg/m?;
80.6% of enrolled patients had obesity according to the
criteria of the Japan Society for the Study of Obesity {26].
Serum ALT levels ranged from 29 to 203 U/L and averaged
89.4 U/L. All patients had hypercholesterolemia, and 61.3%
had concomitant hypertriglyceridemnia. Six patients had
fasting hyperglycemia, and 5 patients were diagnosed as
diabetic by 75-g OGTT. A 75-g OGTT was performed in all
enrolled patienis. Twenty-nine percent of the patients
showed nonmal glucose tolerance (NGT); 42%, IGT; and
29%, diabetes mellitus {DM).

3.2. Biochemical and metabolic responses

After 24 months of treatment, all patients showed a
significant reduction of liver transaminase and y—glutamyl
transpeptidase levels (Table 3). Both AST and ALT levels
were in the reference range in 23 patients (74.2%) after
treatment. Serum ALT levels fell from an average of
89.4 U/L at baseline to 35.9 U/L at 24 months (individual
changes of ALT levels are shown in Fig. 1). Mean BMI was
27.1 + 2.7 kg/m® at baseline and 26.7 + 29 kg/m® at
24 months (P >.39). Significant improvement of serum lipid
profile is shown in Table 3. Serum total cholesterol levels
decreased from 237 + 39 mg/dL at baseline to 163 +
32 mpg/dL after treatment. Serum triglyceride levels
decreased from 199 + 90 to 132 % 44 mg/dL. Serum high-
density lipoprotein cholesterol levels increased from 50 + 12
10 55 £ 12 mg/dL. Serum low-density lipoprotein cholesterol
levels decreased from 147 = 31 to 81 + 27 mg/dL. Serum
fasting glucose and HbA,, levels did not change signifi-
cantly before and after treatment.

- 235 -



i714 H. Hyogo et al. / Metabolism Clinical und Experimental 57 (2008} 17111718

Table 2
Clinical and Iaboratory characteristics of patients with NASH before
frcatment

Charactcristic NASH (N = 31)
Sex (male/female) ) 2011
Age (y) 52.5 (27-68)
BM! (kg/m%) 27.1 (21.1-33.6)
<25 6 (19.4%)
25-29 20 (64.5%)
230 5(16.1%)
Qbesity (%) 25 (80.6%)

31 (100%)
19 (61.3%)
15 (48.4%)

Hypercholesterolemia
Hypertriglyceridemia
Hypertension

Fasting glucose (>110 mg/dL} 6 (19.4%)
75-g OGTT
NGT 9 (29.0%)
IGT 13 (42.0%)
DM 9 (29.0%)

Results arc presented as pumbers with percentages in parentheses for
qualitative data and as mcdians and ranges for quantitative data.

Adipocytokines and serologic parameters before and after
treatment are shown in Table 4. Plasma adiponectin levels
were significantly increased by 25% and plasma TNF-o
levels were significantly decreased by 43% at the end of the
treatment. The leptin levels were not changed significantly
both in male and femnale subjects. Free fatty acid levels did not
change, and MDA levels were significantly decreased by
20%. The liver fibrosis markers type IV collagen and
hyaluronic acid levels were decreased significantly. Ferritin
levels decreased significantly. High-sensitivity CRP, a marker
for inflammation, decreased significantly. Plasma glucose
and insulin levels during glucose tolerance test showed high

Table 3
Clinical and laboratory characteristics of the patients with NASH before and
after treatment

Before treatment After treatment

(N =31) (N =31)
BMI (kg/m?) 271427 26.7+29
AST (UL) 51.1 £ 233 25.8 % 7.3%*
ALT (U/L) 89.4 + 46.3 35,9+ 13.5*
y-Glutamyl fransferase (U/L} 87+ 74 51+ 16%*
Bilirubin, total (ing/dL) 1006 1.0£0.5
Bilirubin, dircct (mg/dL) 0201 0.2%0.1
Albumin {g/L} 4603 4.6+ 03
Total cholesterol (mg/dL) 237 £39 163 = 32%*
Triglyeeride (mg/dL) 199 = 90 132  44%*
HDL chelesterol {(mg/dL) 5012 554 12*
LDL cholesteral (mg/dL) 147 £ 31 814 27*%
Fasting Glucose {mg/dL) 107+ 17 107+ 16
HbA,, 5607 5707

Results arc cxpressed as means + SD. P valucs for qualitative data were
calculated using Fisher cxact probability test, and P valucs for quantitative
data were calculated using Mann-Whitney U test. AST indicates aspartate
aminotransferase; HDL, high-density lipoprotein; LDL, low-density
lipoprotein.

* P <05, compared with the values before treatment.

** P < 001, compared with the valucs before treatment.

250

Serum ALT (U/L)

o™ 24M

Fig. 1. Changes of serum ALT lovels at baseline and afier treatment with
atorvastatin. (N = 31).

fevels of postprandial glucose, insulin hypersecretion, and
delayed peak of imsulin secretion. These trends were not
significantly changed by the treatment (at baseline and after
treatment, 29% and 32%, 42% and 39%, and 29% and 29% of
the patients showed NGT, IGT, and DM, respectively).
Insulin resistance as determined by HOMA-IR tended to
decrease, buf statistical significance was not obtained.

Table 4
Adipocytokincs, scrologic parantcters, and radiological analyses of paticnts
with NASH

Before treatment After treatment

N =31) (N = 31)

Adiponectin (pg/mL) 5321 6.6 £ 2.4%*
Leptin (ng/mL) 12,1 £10.8 9.8+6.0

Male 73x38 72+26

Female 207+ 139 150274
TNF-« (pg/mL)} 172 49 98 & 5.3%*
FFA {mEg/L} 05%02 05£0.2
MDA (nmo¥/mL) 0.5+03 04 £02*
Type TV collagen (ng/mL) 44+ 1.1 39+0.8*
P-T1-P {U/mL) 0.7+£03 0602
Hyaluronic acid (ng/mL} 471 £ 39 30 & 25%
Feritio (ng/ial.) 247 + 197 149 = 111*
High-scnsitivity CRP 015401 0.06 +0,05*
Visceral fat arca {cm?) 154 £ 20 139 £ 77
CT liver-spleen ratio 0.54 + 0.25 0.97 £ 0.26**
HOMA-IR 346+223 3.01£1.62
75-2 OGTT Glucose iR1 Glucose IRI

(mg/dL) {(mUAnL) {mg/dL) (mU/mL)

0 min 100+ 15 14+7 107+ 19 13£5
30 min 186 + 41 84 + 48 185 £ 49 98 + 98
60 min 212 £ 66 116 £ 63 21179 116 +£72
120 min 178 + 61 128 £ 80 183+ 62 104 £43
180 min 165 = 52 61 + 44 135 £ 75 5341
ZBSorZIRI 757 £ 245 820 + 256 383 + 151

386 + 189

Results are expressed as means = SD. P values for qualitative data were
calculated using Fisher cxact probability test, and P values for quantitative
data were caleulated wsing Mann-Whitney U test. P-IU-P indicates
procollagen 111 N-terminal propeptide: [RI, immunoreactive insulin,

* P < .05, comparcd with the valucs before treatiment,

** P < 00], comparcd with the values before treatment.
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Long-chain fatty acids in total plasma lipids are shown in
Table 5A. The concentrations of TFA, SFA, TUFA, MUFA,
PUFA, n3-PUFA, and n6-PUFA were all elevated and
decreased significantly after treatment. However, the ratios
of SFA, TUFA, MUFA, PUFA, n3-PUFA, and n6-PUFA
were not changed before and after treatment. The n-6/n-3
PUFA ratios were not significantly changed before and afler
treatiment. When the faity acid composition of serum total
lipids was determined, a significant decrease was observed in
C18:2,n-6 {linoleic acid, —21%) and C20:4,n-6 (arachidonic
acid, —22%) (Table 5B).

Table 5
Faity acid composition and concentration of plasma total lipids in paticots
withh NASH before and after treatment

A. Fatty acid composition of plasma total lipids

Before treatment,
pg/mL (%)

After treatment,
pg/mL (%)

TFA 3568 & 635 2731 + 293*

SFA 1266 + 247 985 + |55%
(354% = 1.7%) (36.0% + 2.7%)

TUFA 2303 = 552 1746 + 312*
(25.8% =+ 3.5%) (25.8% + 2.7%)

MUFA 924 % 232 709 + 138*
(25.8% £ 3.5%) (25.8% £ 2.7%)

PUFA 1378 + 321 1037 + 174
(38.8% = 6.6%) (38.2% % 7.8%)

n-3 PUFA 313 £ 86 214 = 96*
{8.9% = 2.7%) (7.7% £ 2.6%)

n-6 PUFA 1064 + 234 811 £ 78*
{29.8% = 3.9%) (30.4% £ 5.2%)

n-6/n-3 PUFA ratio 3394273 3.83+0.82

Saturated-unsaturated 0.55 £ 0.02 0.56 % 0.03

FA ralio
B. Faity acid concentration of plasma lipids
Before treatinent (ug/iml) After treatment (ug/ml)

Ci2:0 1.7£06 {.8+04

C14:0 3561210 315+£73

Cl4:1 0.1 00 0.1£00

C16:0 917.7£177.9 698.1 £ 117.1

Cté:1 928 %139 66.6 + 12.8

Cl18:0 266.6 £ 450 217.6 + 26.1

Cl&:t 784.0 £ 208.9 604.3 £ 120.6

C18:2 871.8 = 189.3 666.0 £ 50.1*

C18:3 9.8+3.5 11.4+6.2

CIR:3 3042748 235+ 85

C20:0 9018 T8z 1.1

C20:1 6.7%1.7 58+1.8

C20:2 61%13 50 +1.3

C20:3 1.4+04 1526

C20:3 34,7183 30026

C20:4 137.8 £30.7 1053 £17.1*

C220:5 100.7 £ 54.0 724 £54.9

C22:0 193 4.5 15220

C22:1 3.0+06 3E£05

C22:4 3g+14 31207

C22:5 247438 2052109

C24:0 159+ 5.1 12813

C22:6 157.1 £19.2 97.8 21,5

C24:1 376 6.7 294226

T L3 1

_8 1.5 T v ]
2
g1
&
3 I
&
$ os
5 _
‘0 1 L
1] 1 2 3

steatosis grade

Fig. 2. Relationship between steatosis grade and liver density as
measurcd by CT liver-spleen ratios. Results are cxpressed as means + SD,
*P <.05.

3.3. Liver density and plasma adipocytokines

Liver density was assessed by liver to spleen ratios as
measured by means of abdominal CT scanning. Liver to
spleen ratios were significantly increased from 0.54 + 0.25 at
baseline to 0.97  0.26 at the end of treatinent. Visceral fat
area decreased from an average of 154 to 139 cm?; however,
statistical significance was not obtained. Liver density levels
were inversely correlated with liver steatosis score (Fig. 2).

Table 6
Histologic changes before and after treatment

A. Histologic findings of paticnts with NASH

Before tecatment Afier treatment

n=17) n=17
Steatosis grade 1.6 0.1 0.8+ 0.1%*
Necroinflammatory grade 1.2£0.1 1.0£0.¢
Fibrosis stage 1.8+£0.2 1.9£02
Ballooning score 12201 1.0£0.8
NAS 4103 29+ 02%

B. Changes of distribution in grades and stages in patients with NASH

Before treatment After treatment

* P <.05, compared with the values before treaunent.

=17 n=17

Steatosis grade

0 - 4 (24%)

1 8 (47%) 12 (70%

2 8 (47%} 1 (6%}

3 1 (6%) -
Necroinflammatory grade

1 13 (76%) 16 (94%)

2 4 (24%) 1 (6%)

3 _— -
Fibrosis stage

1 6 (35%) 5 (29%)

2 % (47%) 8 (47%)

3 3 (18%) 4 (24%)

4 - -
Ballooning score

0 1 (6%) 1 {6%)

l 11 (65%) 15 {88%)

2 5 (29%) 1 {6%)

Values arc expressed as mcans  SD (in micrograms per milliliter, n = 3).
A. Values arc expresscd as means = SD. B. Valucs are number (%),
** P < 001, compared with the values before treatment.
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Changes of adiponectin levels were inversely correlated with
those of steatosis grade (P < .001) and NAS (P < .001).
Changes of TNF-a levels were positively cornelated with
those of steatosis grade (P < .001) and NAS (P < .0001).
However, changes of leptin levels were not correlated with
both steatosis grade and NAS.

3.4. Histologic responses

Follow-up liver biopsies were available on 17 patients.
Table & shows the histologic changes before and after
treatment. After treatment, macrovesicular steatosis, Mallory
bodies, lipogranulomas, and NAS were improved signifi-
cantly, Perisinusoidal, portal, and bridging fibroses were not
changed. In brief, 13 patients (76%) had improvement and 4
had no change in NAS. Bridging fibrosis was found in 3
patients at baseline, and it vanished in 2 patients after
treatment. Fibrosis stage increased in 4 patients (24%; 1
patient: from stage 1 to 2; 1 patient: from stage | to 3; 2
palients: from stage 2 to 3; before and afler treatment) and
did not change in 11 patients {(65%).

4. Discussion

In this study, we assessed whether long-tenm treatment of
atorvastatin would improve biochemical and histologic
features of disease activity in NASH pafients with dyslipi-
demnia. All patients who received treatment with atorvastatin
for 24 months showed an improvement or nonmalization of
their serum lipid profiles. All 31 patients enrolled had
improvements in serum aminotransferase levels. Alanine
aminotransferase levels became normal in 74.2%. Imbalance
of adipocytokines (reduced plasma adiponectin and
increased plasma TNF-a levels), lipid peroxidation products
(MDA levels), fibrosis markers (type !V collagen and
hyaluronic acid levels), ferrilin levels, and high-sensitivity
CRP levels were significantly improved. Liver density was
significantly improved or normalized without significant
changes of visceral fat area. Plasma glucose levels, insulin
levels, and total secretion amounts of glucose and insulin
during OGTT were not affected by the atorvastatin treatment.
Long-chain fatty acids in total plasma lipids were reduced
significantly; reduction was specially evident in the n-6
series (C18:2,n-6 and C20:4,n-6). The histologic features of
steatohepatitis (indicated by reduced score of NAS) were
reduced. Whereas overall changes of fibrosis stage were not
significantly changed, those were improved or not deterio-
rated in 76% of patients. Moreover, we found no significant
elevation of liver enzymes during atorvastatin treatiment; and
no adverse effects were observed. Taken together, these
results serve that atorvastatin has efficacy in patients with
NASH accompanied by dyslipidemia.

Kiyici et al [17] have demonstrated the usefulness of
atorvastatin in NASH patients with hyperlipidemia, and
other reports have also demonstrated the improvement of
liver enzymes in NAFLD patients with hyperlipidemia by

atorvastatin [18-20]. Our study was in accordance with these
reports and included multiple end point measurement (liver
enzymes, adipocytokines, IR, lipid profile, glucose metabo-
lism, and histologic changes before and afier treatment). In
experimental models, the decrease in hepatic triglyceride
secretion without an increase in hepatic triglyceride
concentration, the reduction of hepatic FFA, and the
reduction of cholesteryl ester availability derived from
newly synthesized cholesterol that limits the secretion of
very low-density lipoprotein by statins including atorvastatin
have been demonstrated {35,36]. Furthermore, a recent
report by Kainuma et al {37] has shown that an animal fed a
high-cholesterol diet exhibits hepatic steatosis, inflammma-
tion, ballooning, and fibrosis, histologic features of NASH.
Thus, atorvastatin could be beneficial; and controlling the

. excess cholesterol might be useful for the treatment of

NASH with dyslipidemia.

Oxysterols and other cholesterol oxidation products are
physiclogic ligands of nuclear liver X receptor (LXR). The
LXR plays an important role in cholesterol homeostasis
{serves as molecular sensors of cellular cholesterol concen-
trations and effectors of tissue cholesterol reduction),
glucose metabolismn, and fafty acid synthesis as well [38-
40]. The LXR regulates lipogenic gene expression (eg, fatty
acid synthase) by controlling sterol regulatory element-
binding protein Ic (SREBP-1c) {38-40]. Several reports have
demonstrated that activation of LXR leads to hepatic
sleatosis through activation of SREBP-lc in an animal
model [41]. Furthermore, statins have been reported to
decrease SREBP-1 [42,43]. Taken together, controlling
cholesterol levels by statins, for example, atorvastatin,
could be effective and reasonable in the treatment of
NASH with dyslipidemia. .

Another mechanism of atorvastatin is to induce peroxi-
some proliferator—activated receptor (PPAR) « and PPARY
[44-47]. The PPARa activation increases fB-oxidation of
fatty acids, followed by the decrease of fatty acids available
for triglycerides synthesis, and thus decreases the content of
triglycerides in the liver. The PPARy has been demonstrated
to attenuate the inflammatory response by inhibiting the
production of TNF-a in monocytes [47]; to reduce
interleukin-6 [46], a powerful inducer of CRP; and to
reduce profibrogenic and proinflammatory actions in hepatic
stellate cells [48,49]. These mechanisms are in accordance
with our [indings.

Significant reduction in high-sensitivity CRP (—40%)
might be relevant because this marker of inflanunation has
the ability to activate, complement, and recruit monocytes
and up-regulate adhesion molecules and chemoattractant
chemokines [50). Furthermore, atorvastatin has a potent
antioxidant effect [51], thus influencing the pathogenesis of
NASH and its metabolic abnormalities.

Another important finding in this study was the decrease
of long-chain fatty acids in plasma lipids (Table 5).
Especially, a significant decrease was observed in n-6
series linoleic acid and its metabolite arachidonic acid.
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Prostaglandins derived fromy arachidonic acid have a
modulatory role on interleukin-6 and TNF-o production,
thus participating in the pathobiology of inflammation [52].
These changes of fatfy acids may be one of the beneficial
effects of this treatiment,

Imbalance of adipocytokines (decreased levels of adipo-
nectin and increased levels of TNF-a) was improved after
treatment without significant changes of visceral fat.
Atorvastatin did not change the glucose and insulin levels
during 75-g OGTT before and after treatment. In other
words, postprandial high glucose levels and hypersecretion
of insulin were evident at the end of treatment. Because
glucose and/or insulin directly influence connective tissue
growth factor to induce fibrosis in hepatic stellate cells
[53,54], this observation might explain the different results
of liver fibrosis changes. In this regard, by addressing high
levels of postprandial glucose and insulin, further improve-
ment of histologic changes might be possible.

In conclusion, atorvastatin was administered to NASH
patients with dyslipidemia who did not respond adequately
to diet and exercise therapy. As a result, lipid levels, liver

function, adipocylokines levels, fibrosis markers, long- .

chain fatty acid composition, and liver histologic findings
were improved. However, 4 of 17 patients had progression
of fibrosis over the 2-year period, with 3 of them
progressing fo stage 3. It is unclear whether this divergent
response represents sampling error, heterogeneity in the
population, or untreated postprandial hyperglyceridemia.
Controlled trials are needed lo further investigate and
resolve this, and caution is warranted in applying statin
therapy to NASH.
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Background. Advanced glycation end products (AGEs).
final reaction products of protein with sugars, are known
to contribute to diabetes-related complications. We
have recently demonstrated high levels of serum AGEs
in patients with nonalcoholic steatohepatitis (NASH).
However, direct evidence for the participation of AGEs
in hepaticinflammation and fibrosis has not been shown.
To explore the pathogenesis of NASH, we examined the
biological influence of AGEs on hepatic stellate cells
(HSCs) in vitro. Methods. An established human HSC
line, LI90, was exposed to a glyceraldehyde-derived-
AGE (glycer-AGE), and the phenotypical changes of
the LI90 cells were investigated. Intracellular formation
of reactive oxygen species (ROS) was measured using
a fluorescent probe. Cell proliferation was examined by
MTS assay. Fibrogenic marker gene expression was
analyzed by quantitative real-time polymerase chain
reaction. The production of monocyte chemoattractant
protein 1 (MCP-1) was assessed by enzyme-linked
immunosorbent assay. Results. The expression of AGE
receptor was confirmed in LI90 cells at the mRNA and
protein levels. In addition to increasing intracellular
ROS generation, glycer-AGE upregulated fibrogenic
genes such as those encoding for ¢-smooth muscle actin,
transforming growth factor-B1, and collagen type loZ.
The expression of MCP-1 mRNA in L190 cells as well
as its secretion into the culture medinm was significantly
increased in response to AGEs. These changes were
attenuated by treatment with the antioxidant N-acetyl-
cysteine. Conclusions. These data indicate that AGEs
induce ROS generation and intensify the proliferation
and activation of HSCs, supporting the possibility that
antioxidants may represent a promising treatment for
prevention of the- development of hepatic fibrosis in
NASH.
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Introduction

Advanced glycation end products (AGEs) are a hetero-
geneous group of irreversible reactive derivatives
formed by nonenzymatic glucose-protein condensation
reactions. In addition to increasing during normal aging,
AGEs are known to be elevated in the plasma and to
accumnulate in various tissues at an accelerated rate in
diabetic patients and to contribute to diabetic complica-
tiops. In fact, in vitro experiments have demonstraied
biological effects of AGEs on retinal pericytes, vascular
endothelial cells, and renal mesangial cells.”
Nonalcoholic steatohepatitis (NASH) is a spectrum
of nonalcoholic fatty liver diseases (NAFLD),* with
manifestations ranging from steatosis to cirrhosis and
which may even provoke the development of hepatocel-
lular carcinoma. NASH is also recognized as a compo-
nent of metabolic syndrome, which has insulin resistance
as a common feature. We recently reported that, among
several types of AGEs, glyceraldehyde-derived-AGE
(elycer-AGE) is significantly higher in the serum of
patients with NASH. suggesting that glycer-AGE may
play an important role in the pathogenesis of NASH.®
Hepatic stellate cells (HSCs), as the main extracellu-
lar matrix-producing cells, are a key player in hepatic
fibrosis. HSCs undergo - transdifferentiation to a
myofibroblast-like phenotype when exposed to various
stimuli. Once transdifferentiated. HSCs secrete various
mediators, including transforming growth factor (TGF)-
Bl and monocyte chemoattractant protein (MCP)-1,
which contribute to the additional progression of hepatic
inflammation and fibrosis. Recently, the expression
of the receptor for AGE (RAGE) was confirmed in rat
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