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Pegylated interferon monotherapy in patients with chronic
hepatitis C with low viremia and its relationship to
mutations in the NS5A region and the single nucleotide
polymorphism of interleukin-28B

Kazuhiko Hayashi," Yoshiaki Katano," Hiroko Masuda,' Youji Ishizu,' Teiji Kuzuya,'
Takashi Honda," Masatoshi Ishigami,” Akihiro Itoh,' Yoshiki Hirooka,' Isao Nakano,’
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'Department of Gastroenterology and Hepatology, Nagoya University Graduate School of Medicine, Nagoya,
?Department of Gastroenterology, Toyohashi Municipal Hospital, Toyohashi, *Division of Liver and Biliary
Diseases, Department of Internal Medicine, Fujita Health University, Toyoak, and *Department of
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Aim: Previous studies have suggested that patients with
chronic hepatitis C with a low pretreatment hepatitis C virus
(HCV) level have a high sustained virological response (SVR)
rate, and that there would be a subpopulation of patients
in which HCV can be eradicated with pegylated interferon
(PEG IFN) alone without a decrease in SVR. However, the
efficacy of PEG IFN monotherapy in patients with low HCV
RNA levels is unclear. Several studies have reported that inter-
feron sensitivity-determining region (ISDR) and the single-
nucleotide polymorphism (SNP) of interleukin-28B (IL-28B)
contribute to IFN response, but these relationships are con-
troversial. The aim of this study was to determine whether the
SNP of IL-28B (rs8099917) and amino acid substitutions in the
ISDR among patients with low HCV levels affect the response
to PEG IFN monotherapy.

Methods: One hundred and four patients with low-level
HCV infection were studied. Low HCV level was defined as
100 KIU/mL or less.

Results: SVR was achieved in 94 patients (92.2%). HCV
levels (<50 KiU/mL) and ISDR (=2 mutations) were associated
with SVR on univariate analysis. The rates of SVR in the
patients with IL-28B genotypes TT, TG and GG were 94.5%,
77.8% and 100%, respectively. The G allele tended to be asso-
ciated with poor response to IFN therapy (P =0.0623). On
multivariate analysis, the ISDR was the factor predictive of
SVR (P =0.004).

Conclusion: The ISDR is significantly associated with a good
response to PEG IFN monotherapy in patients with low HCV
levels.

Key words: hepatitis C virus, interferon sensitivity-
determining region, interferon, interleukin-28B, rapid
virological response
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INTRODUCTION

EPATITIS C VIRUS (HCV) is a member of the Fla-

viviridae family and causes chronic hepatitis that
can develop into cirrhosis and hepatocellular carcinoma
(HCC) that easily progresses to end-stage liver disease.'
Because 170 000 000 persons are infected with HCV
worldwide, HCV infection is a significant global health
problem.

© 2012 The Japan Society of Hepatology
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The current recommended therapy for patients with
chronic hepatitis C is a combination of pegylated inter-
feron (PEG IFN) and ribavirin and/or telaprevir or
boceprevir>®* HCV RNA levels, as well as genotypes,
are an important factor associated with sustained
virological response (SVR) to IEN therapy.** Patients
with low HCV RNA levels have a high SVR rate,
and even standard IFN monotherapy is useful for
eradication of HCV in patients with low viral loads.””’
Several studies have succeeded in reducing the dura-
tion of treatment without risk of relapse.'®!! Although
patients with low HCV RNA have higher response rates
to IEN treatment, not all patients achieve SVR. Other
factors for improving the prediction of SVR in patients
with low HCV RNA levels are needed. The predictive
factors for SVR in patients with genotype 1b and high
HCV RNA levels have been investigated, and several
studies have shown that the single nucleotide poly-
morphism of interleukin-28B (IL-28B) and amino acid
substitutions in the core and NS5A region affect the
response to IEN therapy.'?’® However, the predictive
factors for SVR among patients with low HCV RNA
levels treated with PEG IFN monotherapy have been
unclear.

Hepatitis C virus consists of three structural proteins
(core, envelope 1 and envelope 2) and six non-structural
proteins (NS2 to NS5). HCV NS5A protein was reported
to have a domain associated with IEN response. This
domain in the region of HCV genotype 1b is closely
associated with response to IFN therapy and is known as
the IFN sensitivity-determining region (ISDR).!**>-2 IEN
acts to control replication of the virus by inducing the
dsRNA-dependent protein kinase (PKR). The ISDR is
located in the PKR-binding domain, is inhibited by PKR
in vitro,”* and is useful for prediction in patients with
genotypes 2a, 2b and 3a.”>-?® Therefore, ISDR heteroge-
neity is an important factor that may affect response to
IFN in patients with low HCV RNA levels. We hypoth-
esized that ISDR heterogeneity could be predicted in
patients with low HCV RNA levels in which HCV can
be eradicated with PEG IFN-a alone without a decrease
in SVR.

Not only genetic heterogeneity in the HCV genome
but also host genetics contribute to IFN treatment out-
comes. Therefore, several studies were performed to
understand the host factors associated with IFN respon-
siveness; these showed that IL-28B polymorphisms are
strongly associated with response to PEG IFN and rib-
avirin combination therapy in patients with genotype
1b and high viral load.’***'%?* However, the associations
between ISDR and I1-28B and the effects of PEG IFN-a

PEG IEN for low HCV patients and ISDR and IL-28B 581

monotherapy in patients with low HCV RNA levels are
not well known.

The aim of the present study was to determine
whether genomic heterogeneity of the ISDR and the
SNP of IL-28B among patients with low HCV RNA levels
affects the response to PEG IFN-0-2a monotherapy.

METHODS

TOTAL OF 295 patients with chronic hepatitis C

were treated by PEG IFN-0-2a monotherapy at
Nagoya University Hospital and Affiliated Hospitals;
104 patients with low HCV RNA levels were selected
for this study. The patients consisted of 62 men and 42
women with a mean age of 55.1 years (range, 19-78).
All patients were positive for serum anti-HCV antibody
by a commercial enzyme-linked immunosorbent assay
(Dinabot, Tokyo, Japan) and for HCV RNA by a com-
mercial polymerase chain reaction (PCR) (Roche Diag-
nostic Systems, Tokyo, Japan).

A low HCV level was defined as 100 KIU/mL or less,
as previously reported.*”*' No patient had hepatitis B
surface antigen, co-infection with HIV, autoimmune
disease or chronic alcohol abuse.

Schedule of IFN therapy

Patients received PEG IFN-0-2a (Pegasys Chugai-Roche,
Tokyo, Japan) at a dose of 180 ug injected s.c. once per
week for 24 or 48 weeks. The patients were allocated, at
the discretion of the physician in charge, to a protocol
lasting either 24 or 48 weeks. Laboratory tests and evalu-
ations of adverse events were performed once per week
during treatment.

The dose of PEG IFN-0-2a was reduced to 90 pug when
clinically significant adverse events or laboratory abnor-
malities such as neutropenia (<750 cells/mm?®) or
thrombocytopenia (<50 000 cells/mm?®) occurred. PEG
IFN-0-2a was discontinued when neutropenia of less
than 250 cells/mm’ or a platelet count of less than
25 000 cells/mm?® was seen.

Hepatitis C virus RNA in serum samples was
examined at 4 weeks, at the end of IFN therapy, and
at 6 months after the end of treatment (ETR). Serum
was stored at —80°C for virological examination at
pretreatment.

Patients who were persistently negative for serum
HCV RNA and who had a normal serum alanine ami-
notransferase (ALT) level at 24 weeks after withdrawal
of IFN treatment were considered to have SVR. Patients
who were HCV negative at the ETR but returned to HCV

© 2012 The Japan Society of Hepatology
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positive status after withdrawal of IFN were defined
as virological relapsers. Patients who did not become
HCV negative with IFN therapy were defined as non-
virological responders.

This study was approved by the ethics committee
of each institution involved. Informed consent was
obtained from each patient, and the study protocol con-
formed to the ethical guidelines of the 1975 Declaration
of Helsinki.

Virological tests

Hepatitis C virus was genotyped by direct sequencing
of the 5’-untranslated region and/or E1 regions, as
described previously.***’ Genotypes were classified
according to the nomenclature proposed by Simmonds
et al*?

Nested PCR analysis and direct sequencing of the
NS5A-ISDR were performed as previously reported
for each genotype.'®'*?*"?® In brief, RNA was extracted
from 140 uL serum using a QIAamp Viral RNA Kit
(Qiagen, Valencia, CA, USA) and dissolved in 50 uL
diethylpyrocarbonate-treated water. RNA (10 ng) was
used for reverse transcription with oligo and random
hexamer primers with an iScript ¢cDNA Synthesis
Kit (Bio-Rad, Hercules, CA, USA). NS5A-ISDR was
sequenced after amplification by nested PCR as previ-
ously described.!>1627:28

The primers used were as follows: NS5A-ISDR of
genotype 1b, sense 5-TGGATGGAGTGCGGITGCACA
GGTA-3’ and antisense 5-TCTTTCTCCGTGGAGGTGGT
ATTG-3’; NS5A-ISDR of genotype 2a, sense 5-ACGTCC
ATGCTAACAGACCC-3’ and antisense 5-GGGAATCT
CITCTTGGGGAG-3’; and NS5A-ISDR of genotype 2b,
sense 5-TCTCAGCTCCCTTGCGATCCTGA-3" and anti-
sense 5-GATGGTATCGAAGGCTC-3’. Amplification
conditions consisted of 10 min at 94°C, followed by
40 cycles of 94°C for 10's, 55°C for 30 s and 72°C for
30 s in a thermal cycler (GeneAmp PCR System 9700;
Applied Biosystems, Foster City, CA, USA). The second
PCR was done using the following sets of primers:
NS5A-ISDR of genotype 1b, sense 5-CAGGTACGC
TCCGGCGTGCA-3" and antisense 5-GGGGCCITGGT
AGGTGGCAA-3"; NS5A-ISDR of genotype 2a, sense
from the first-round PCR and a new antisense primer
5"-CGAGAGAGTCCAGAACGACC-3"; and NS5A-ISDR
of genotype 2b, sense 5-AGCTCCTCAGCGAGCCA
GCT-3’ and antisense 5-GATGGTATCGAAGGCTIC-3'.
PCR products were separated by electrophoresis on
2% agarose gels, stained with ethidium bromide and
visualized under ultraviolet light. PCR products were
then purified and sequenced with the second-round
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PCR primers with a dye terminator sequencing kit
(BigDye Terminator v1.1 Cycle Sequencing Kit; Applied
Biosystems) and an ABI 310 DNA Sequencer {Applied
Biosystems).

Genomic analysis

Detection of the SNP of IL-28B (1s8099917) was done
by a real-time PCR system, as previously reported.'®
In brief, genomic DNA was extracted from 15 uL of
whole blood using a commercial kit (QlAamp DNA
Blood mini Kit; Qiagen) and dissolved in 50 pL
diethylpyrocarbonate-treated water. DNA (1 ng) was
used for PCR with primers and probes of commercial
kit (Tagman SNP Genotyping Assays; Applied Biosys-
tems). The SNP of 1L-28B (1s8099917) was amplified,
and the results were analyzed by real-time PCR in a
thermal cycler (7300 Real time PCR System; Applied
Biosystems).

Statistical analysis

Data are expressed as mean + standard deviation. A
paired Student’s t-test or Fisher’s exact test were used to
analyze differences in variables. P < 0.05 was considered
significant. Multiple logistic regression models were
used to identify factors predictive of SVR. Statview ver.
5.0 software (SAS Institute, Cary, NC, USA) was used for
all analyses.

RESULTS

Background

ATIENTS’ CLINICAL CHARACTERISTICS are sum-
marized in Table 1. HCV genotypes 1b (n=34), 2a
(n=58), 2b (n =9) and unknown (n = 3) were detected.

Table 1 Clinical characteristics at pretreatment

Clinical characteristics n=104

Age (years) 55.1+12.5
Sex: male/female 62/42

AST (IU/L) 50.0 4 28.2
ALT (IU/L) 62.7+473
Platelet count (10%/ul) 18.4£5.7
HCV RNA level (KIU/mL) 36 (1.6-100)
HCV genotype (1b/2a/2b/unknown) 34/58/9/3
IFN length (weeks) (24/48/<17) 49/45/10
Body mass index 227+32

Data are expressed as mean + standard deviation.

HCV RNA level was shown by median (range).

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
HCV, hepatitis C virus; IFN, interferon.
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Table 2 Virological response in each group

PEG IFN for low HCV patients and ISDR and IL-28B 583

(a) Virological response according to durations of IFN therapy

Overall (n=102)

24W (n=

48) 48W (n=45) <17W (n=9)

RVR 81.4% (n=83)
ETR 100% (n=102)
SVR 92.2% (n=94) 93.8% (1 = 45)

87.5% (n = 42)
100% (n = 48)

73.3% (n=33)
100% (n = 45)
91.1% (n=41)

88.9% (n=8)
100% (n=9)
88.9% (n=8)

(b) Virological response according to HCV genotypes

Overall (n=102)

1b (n=32)

2a (n=58) 2b (n=9)

RVR
SVR

81.4% (n=83)
92.2% (n=94)

81.3% (n = 26)
87.5% (n=28)

88.9% (n=8)
100% (n=9)

81.0% (n = 47)
93.1% (n = 54)

ETR, end of treatment response; HCV, hepatitis C virus; IFN, interferon; RVR, rapid virological response; SVR, sustained virological

response; W, weeks.

All patients had serum HCV RNA levels of 100 KIU/mL
or less, and the median HCV RNA level was 36 KIU/mL.
One hundred and four patients were initially included
in this study; 49 patients were treated with PEG IFN-
a-2a for 24 weeks, and 45 patients were treated for 48
weeks. Ten patients withdrew from IFN therapy within
17 weeks, and two of these 10 patients could not be
followed. The reasons for discontinuing therapy were
fatigue (n = 3), depression (n = 1), rash (n = 1), appetite
loss (n = 1), liver failure (n=1) and unknown (n = 3).
The two patients who withdrew from follow up were
excluded from the analysis, and the remaining 102
patients were followed for 6 months after the ETR.

Virological response

Virological response is shown in Table 2. Rapid virologi-
cal response (RVR), which was defined as negativity for
HCV after 4 weeks of treatment, for the overall group,
the 48 weeks’ group, the 24 weeks’ group and the under
17 weeks’ group was 81.4% (83/102), 73.3% (33/45),
87.5% (42/48) and 88.9% (8/9), respectively. Virologi-
cal response at the ETR was 100% among all patients.
Finally, 94 (92.2%) of 102 patients achieved SVR.

There was no significant difference in virological
response between patients treated for 24 weeks and
those treated for 48 weeks. The virological response
according to HCV genotype is shown in Table 2(b).
Patients with genotype 1b had a lower SVR rate than
genotypes 2a and 2b, but no significant differences in
genotype were noted.

Genetic heterogeneity in NS5A-ISDR and
response to IFN therapy

The prevalences of the number of amino acid substitu-
tions in ISDR according to HCV genotypes are summa-

rized in Figure 1. The ISDR were examined by direct
sequencing, and classification involved counting
the number of amino acid substitutions compared
to consensus strains of each genotype, as previously
repOrted.ls’24’27’ZB

Interferon sensitivity-determining region sequences
were obtained in 81 patients. Five patients did not
have serum at pretreatment, and 16 patients could
not be amplified by PCR. Sixty-one patients (84.7%)
had one mutation or more. SVR according to the
ISDR is shown in Figure 2. All patients with three or
more mutations in the ISDR achieved SVR, but 18
(69.2%) of 26 patients with two or less mutations
in the ISDR achieved SVR. Patients with two or less
mutations in the ISDR were poor responders to IFN
therapy.

[o0]

The number of patients

1

9 Inert

N=11 N=6 N=9 N=8 N=16 N=6 N=8 N=8 N=3N=2 N=4

o 1 2 4 5 7

Figure 1 Number of amino acid substitutions in interferon
sensitivity-determining region (ISDR) according to hepatitis C
virus (HCV) genotypes. [, HCV genotypes 1b; [, HCV geno-
types 2a; [], HCV genotypes 2b.
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Figure 2 Sustained virological response (SVR) according to
the number of amino acid substitutions in interferon
sensitivity-determining region (ISDR).

Prevalence of the SNP of IL-28B (rs8099917)
T (major allele) and G (minor allele) and
response to IFN therapy

The frequencies of the IL-28B genotypes were: major
homozygotes (TT), 73; heterozygotes (TG), 18; and
minor homozygotes (GG), two. The rates of SVR in the
patients with TT, TG and GG were 94.5% (69/73),
77.8% (14/18) and 100% (2/2), respectively. The SVR
rate of patients with G allele of the IL-28B genotype was
80.0% (16/20), and that with T allele was 94.5% (69/
73). Patients with T allele of the IL-28B genotype had a
slightly higher SVR rate than did those with G allele, but
there were no significant differences (P = 0.0623).

Analysis for factors predictive of SVR

The results of univariate analysis for factors predictive of
SVR are shown in Table 3. HCV RNA levels were lower

Table 3 Univariate analysis: factors predictive of SVR

Hepatology Research 2013; 43: 580-588

in patients with SVR than in those without SVR
(P=0.0154). SVR was achieved in 41.2% of patients
with less than two mutations in the ISDR and 98.4% of
patients with two or more mutations in the ISDR
(P=0.0001). HCV RNA levels and ISDR were associated
with SVR on univariate analyses.

Results of multivariate analyses of factors predictive of
SVR are shown in Table 4. Variables were recorded cat-
egorically as ordinal data. Background factors were age
(<60 vs 260 years), sex (male vs female), platelet count
(<15 x 10*/mm’ vs 215 x 10*/mm?), HCV RNA level
(<50 vs >50 KIU/mL), ALT levels (<70 vs >70 IU/L),
aspartate aminotransferase (AST) levels (<60 vs 260 IU/
L), HCV genotype (1 vs 2), ISDR (<2 vs 22 mutations),
IL-28B (TT vs TG and GG) and RVR (yes vs no). As can
be seen in Table 4, factors such as age, sex, platelet
count, HCV RNA level, ALT levels, AST levels, HCV
genotype, IL-28B and RVR did not have any effect on
SVR. In contrast, the ISDR was the most influential
factor.

DISCUSSION

HE HCV RNA level is one of the most important

factors affecting response to IFN therapy. Patients
with high HCV RNA levels respond poorly to IEN
therapy, whereas patients with low HCV RNA levels
have a high SVR rate to IEN therapy. Thus, most patients
with low HCV RNA levels have achieved SVR, but other
therapeutic options for patients who fail IFN therapy are
needed. Several studies have attempted to reduce the
duration of treatment, reduce the dose of IFN and/or
ribavirin, or use standard IFN without risk of relapse.®*°
The present study confirmed the high SVR rate (92.2%)
in patients with low HCV RNA levels (<100 KIU/mL)

Factors SVR (n=94) Non-SVR (n = 8) P-value
Age (years) 54.6+12.6 57.4+88 0.5528
Sex: male/female 58/36 2/6 0.0619
ALT (TU/L) 63.2+48.3 56.3+32.5 0.7126
AST (TU/L) 50.7 £ 28.6 414+21.6 0.4043
PLT (x10%/mm?) 18.5+5.8 18.0£5.0 0.8292
HCV RNA level (KIU/mL) 42.5%+3438 75.0+45.7 0.0154
HCV genotype: 1/2 29/63 4/3 0.4337
ISDR: <2/22 10/63 7/1 0.0001
IL-28B: TT/TG, GG 69/16 4/4 0.0623
RVR: yes/no 78/16 5/3 0.1661

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; IL-28B, interleukin-28B; ISDR, interferon
sensitivity-determining region; PLT, platelets; RVR, rapid virological response; SVR, sustained virological response.
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Table 4 Multivariate analysis: factors predictive of SVR

PEG IFN for low HCV patients and ISDR and IL-28B 585

Factors P-value Risk ratio 95% CI

Age: <60 years 0.4556 2.837 0.183 43.891
Sex: male 0.8712 0.756 0.026 22.166
AST: <60 IU/L 0.7806 2.131 0.010 438.334
ALT: <70 IU/L 0.6063 0.239 0.001 55.563
Platelet count: <15 x 10*/ul 0.6873 0.463 0.011 19.680
HCV RNA: <50 KIU/mL 0.1046 13.170 0.585 296.318
Genotype: 2 0.1693 14.110 0.324 614.872
ISDR: <2 0.0074 0.004 0.001 0.235
IL-28B: TT 0.2684 5.978 0.252 141.852
RVR: yes 0.7495 1.756 0.055 55.696

95% CI, 95% confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; IL-28B,
interleukin 28B; ISDR, interferon sensitivity-determining region; RVR, rapid virological response; SVR, sustained virological response.

treated by PEG IFN-0-2a monotherapy. Although the
effects of shortened treatment duration of PEG IEN-o
with ribavirin for patients with low HCV RNA levels are
unclear, PEG IFN-a-2a monotherapy could reduce the
cost and adverse events of ribavirin while maintaining a
high SVR rate. This treatment would be a good thera-
peutic option for patients with low HCV RNA levels.
However, selection by HCV RNA level alone was insuf-
ficient to predict IFN responsiveness completely, and
other factors would be necessary to improve the positive
predictive values for SVR in patients infected with low
HCV RNA levels.

Hepatitis C virus genotype is another major factor, in
addition to HCV RNA levels, that is associated with
response to IEN therapy. In the present study, the SVR
rates of genotypes 1 and 2 were 87.5% and 94.0%,
respectively. Patients infected with genotypes 2 had a
slightly higher SVR rate than did those with genotype 1,
but there were no significant differences in our small
study. The difference in SVR according to genotype may
exist, but HCV genotype did not have enough power to
be a determinant of IEN response completely among
patients with low HCV RNA levels because of the bias
for HCV RNA levels. However, patients infected with
low HCV RNA levels respond differently to IEN therapy,
suggesting that an additional factor associated with
resistance to IFN exists.

The heterogeneity of the HCV NS5A region is an
important factor that may affect response to IFN in
patients with HCV genotype 1b and was named the
ISDR.' Mutations in the ISDR affect the interaction
with PKR and may inhibit viral replication. Therefore,
ISDR of other HCV genotypes, in addition to 1b, could
be used as predictors of IEN responsiveness.”**® In the

present study, it was hypothesized that the amino acid
substitutions in the ISDR would explain differences in
IFN resistance in patients infected with low HCV RNA
levels. Therefore, the utility of substitutions of amino
acids in the ISDR for predicting IFN responsiveness was
investigated. The ISDR was the most influential factor
for SVR on multivariate analyses. All patients with three
or more mutations in the ISDR achieved SVR, and 18 of
26 patients with less than three mutations in the ISDR
achieved SVR. Thus, patients with less than three muta-
tions in the ISDR would be resistant to PEG IFN-o.-2a
monotherapy and may need to receive much more
powerful treatment, even if they have low HCV RNA
levels. The ISDR system could be used as a diagnostic
tool to predict SVR in patients infected with low HCV
RNA levels. An individualized treatment strategy based
on HCV RNA levels and the ISDR in patients with
chronic hepatitis C would be an important consider-
ation to achieve optimal therapy and avoid unnecessary
treatment. ‘

Some studies of SVR to PEG IFN-0-2b and ribavirin
and/or telaprevir combination therapy for chronic hepa-
titis C patients with genotype 1 and high viral load
identified genetic variation near the IL-28B gene associ-
ated with IFN responsiveness.'>'*!¢ However, the effects
of genetic variation near the IL-28B gene on SVR in
patients with low HCV RNA levels treated with PEG IFN
monotherapy are unknown. Therefore, the utility of the
SNP of IL-28B for predicting IFN responsiveness was
investigated. Patients with IL-28B (1s8099917) geno-
types TG and GG had a lower SVR rate than genotype TT,
but no significant differences in genotype were found in
this study. The SNP of IL-28B would be associated with
the response to IFN, especially for poor responders, and
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was partially associated with SVR in a study of patients
with HCV genotype 2 who were treated with PEG IEN-
o-2b and ribavirin.!*!#13334 The clear suggestion of a
correlation between the SNP of IL-28B with IFN respon-
siveness would not be supported in patients with low
HCV RNA levels because of the high SVR rate and pre-
dominant genotype 2.

Viral factors associated with SVR have been studied,
and several regions, including 5’-untranslated region,
core, E2, NS5A and NS5B, have been suggested to
play important roles in IFN responsiveness.'*1635-3
Further studies need to investigate whether these
other viral factors, especially interferon and riba-
virin resistance-determining region of NS5A and core
amino acid substitutions, among patients with low
HCV RNA levels affect the response to PEG IEN
monotherapy.

Hepatitis C virus RNA levels could be easy to measure
using commercial kits and would be useful for clinical
practice, but sequencing analysis, which involves much
effort and cost, would be needed to characterize the
ISDR. SVR was achieved in 95.1% of patients with lower
HCV RNA levels (<50 KIU/mL) and 98.4% of patients
with mutant type. ISDR was a better factor, but HCV
RNA level might be used as a predictive factor instead of
measurement of ISDR.

The definition of the low HCV RNA level that
was related to a good response to IFN therapy has
varied widely, from 100-600 KIU/mL."*-!* Zeuzem et al.
reported that 24 weeks of therapy with PEG IFN-a-2b
plus ribavirin is insufficient for the treatment of patients
with HCV genotype 1 and a HCV RNA level of
600 KIU/mL or less.'® They suggested that patients with
HCV RNA of 250 KIU/mL or less would have a good
response to PEG IFN-o-2b and ribavirin combination
therapy for 24 weeks. Most reports from Japan defined
100 KIU/mL as the cut-off level for low HCV levels and
used standard IFN monotherapy.*”*"' The outcome that
would maximize the efficacy of IEN therapy would
depend on the relationships between the cut-off HCV
RNA level and therapeutic regimens. The optimal cut-off
level for low HCV levels and the matching therapeutic
regimens are not well understood, and further studies
are needed to clarify these issues.

Based on the SVR in patients receiving therapy for 24
weeks compared to those treated for 48 weeks, there was
no difference in IFN responsiveness by duration in this
small study. However, this study was not a randomized
study. Further studies are needed to investigate the
optimal duration of PEG IFN-0-2a monotherapy for
patients with low HCV RNA levels.

© 2012 The Japan Society of Hepatology
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Pascu et al. performed a meta-analysis for the correla-
tion between SVR and ISDR in patients with HCV geno-
type 1b infection who received standard IFN therapy."
They found that 11 of 21 European patients with
mutant type ISDR and HCV RNA levels of less than
6.6 log copies/mL achieved SVR, but 67 of 69 Japanese
patients with mutant type ISDR and HCV RNA levels of
less than 6.6 log copies/mL achieved SVR. The mode of
HCV infection and geographical and racial differences
would have effects on the prediction of SVR by ISDR.**#°
As a result, the ISDR system is more suitable for predict-
ing SVR in Asian than in European patients. Although
validation of these observations in larger cohorts is
required, mutations in the ISDR were useful for predict-
ing the response to PEG IFN-o-2a monotherapy in
patients with low HCV levels.

In conclusion, in patients with HCV infection, low
HCV levels and more than two mutations in the ISDR
are significantly associated with a good response to PEG
IFN-0-2a monotherapy. An individualized treatment
strategy based on HCV RNA levels and the ISDR in
patients with chronic hepatitis C would be useful in
clinical practice.
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Liver fibrosis is usually semiquantitatively assessed in liver
biopsy specimens by the numerical system of Scheuer [1],
the Metavir group [2], or Ishak [3]. Fibrosis is staged as FO,
no fibrosis; F1, portal fibrosis without septa; F2, portal
fibrosis and few septa; F3, numerous septa without
cirrhosis; and F4, cirrhosis. Staging mainly depends on the
degree of the architectural changes of liver structure.
Computer-assisted image analysis of the stained fibrosis
area in liver biopsy specimens is a method for quantita-
tively measuring the amount of liver fibrosis [4]. It is not
used for the clinical assessment of liver fibrosis in general,
but is often used in the assessment of fibrosis in animal
models. Its low popularity in clinical practice may be
attributed to the complexity of the method.
~ The fibrosis stage as determined by the numerical sys-
tems and the relative area of fibrosis measured by com-
puter-assisted image analysis usually correlate well to each
other. However, discrepancy between the two sometimes
occurs. Which of the two is more useful in clinical practice
may depend on the objectives of assessing liver fibrosis.
The current study by Isgro et al. showed that collagen
proportionate area (CPA) has a better relationship with
liver stiffness measurement (LSM) and with hepatic venous
pressure gradient (HVPG) compared with the Ishak stage.
They also reported that CPA at 1-year post-transplantation
in hepatitis C virus-infected patients predicts subsequent
clinical decompensation more accurately than Ishak stage
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or HVPG [5]. They conclude that CPA should be the his-
tological parameter with which to compare LSM and other
non-invasive fibrosis markers and also be used to sub-
classify cirrhosis.

Nitta et al. [6] also reported the good correlation
between LSM and fibrosis area measured by image analysis
in the patients with chronic hepatitis C, while LSM and
Metavir score yielded better correlation. Xie et al. [7]
reported that fibrosis area measured by image analysis
significantly correlated with model for end-stage liver
disease score, serum bilirubin levels and prothrombin time
in the patients with hepatitis B virus-related decompen-
sated cirrhosis.

Arima et al. [8] reported that 42 % of chronic hepatitis C
patients with pretreatment F3-4 who obtained sustained
virological response by interferon (IFN) therapy had
decreased fibrosis assessed by the numerical staging sys-
tem, while the fibrosis area measured by image analysis
decreased in 92 %. Thus the computer-assisted image
analysis of liver fibrosis is more sensitive to measure the
reduction of liver fibrosis after IFN treatment than the
numerical system.

In conclusion, the relative fibrosis area measured by
computer-assisted image analysis is suitable for the
comparison with newly developing non-invasive methods
for fibrosis assessment, such as LSM. It is also useful to
assess the degree of severe fibrosis in cirrhosis for pre-
dicting prognosis and to assess the change of fibrosis after
antiviral treatment or in natural courses. It is better to add
computer-assisted image analysis to the interpretation of
liver biopsy in order to obtain valuable quantitative
information in the specimens. The standardization and
simplification of the method is needed in order that
computer-assisted image analysis of fibrosis area will be
widely used.
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How to adjust the inflammation-induced overestimation of
liver fibrosis using transient elastography?

See article in Hepatology Research 43: 185-191

Hong Tang

Impact of mild to moderate elevations of alanine aminotransferase on liver stiffness measurement in
chronic hepatitis B patients during antiviral therapy
Li-Bo Yan, Xia Zhu, Lang Bai, Ling-Bo Liang, En-Qiang Chen, Ling-Yao Du, Li-Chun Wang, Li-Yu Chen and

Transient elastography (TE) is a non-invasive reproduc-
ible method for measurement of liver stiffness (LSM).
LSM correlates well with liver fibrosis stage. Thus, it has
been hoped that TE will be able to replace liver biopsy
which is problematic in its invasive nature, risk of com-
plications and technical limitations derived from small
sample sizes or interpretation variability. TE has been
reported to provide useful clinical information based on
the close correlation between LSM and liver fibrosis
stage, such as appropriate time to start antiviral therapy,
prediction of response to antiviral therapy, evaluation of
effects of antiviral therapy, assessment of natural course
of hepatitis and estimation of prognosis of hepatitis.’

However, LSM does not give us a completely corre-
sponding estimation of fibrosis stage with liver biopsy.
One of the reasons for this discrepancy is that LSM is
affected by the histological findings other than liver
fibrosis; such as edema, steatosis, inflammation or
necrosis. Especially, inflammation has been reported to
affect LSM in many reports. Acute or chronic inflamma-
tion can result in high LSM indicating the presence of
falsely higher fibrosis stages than real fibrosis stages.?
Thus, we have to establish a method to adjust the
inflammation-induced overestimation of liver fibrosis
using TE.

The current study by Yan et al. highlights some of the
difficulties in adjusting the overestimation of fibrosis
stage using TE in patients with liver inflammation. The
authors studied the changes of LSM of the chronic
hepatitis B patients with mild-to-moderate elevation of
baseline alanine aminotransferase (ALT) levels (2-10-
times the upper limit of normal [ULN]) treated with
nucleoside/nucleotide analogs. This study shows that
LSM decreased in parallel with the decline of ALT levels.
The authors described that the decrease of LSM values is
attributed mainly to amelioration of inflammation and
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maybe partially to regression of fibrosis. They report
that pretreatment fibrosis stages of liver biopsies corre-
sponded with LSM after normalization of ALT levels at a
significantly higher rate than with baseline LSM in the
patients of FO-1 (12/27 vs 23/25, P < 0.001), but not in
those of F2-3 (4/12 vs 7/12, P = 0.414). They concluded
that LSM became more accurate for the assessment of
fibrosis stage after elevated ALT levels have been reduced
to normal levels in chronic hepatitis B.

Although the approach of this study to adjust the
inflammation-induced overestimation of fibrosis stage
using TE is interesting and probably useful, its weakness
is that the number of the patients studied is small; 25
patients of FO-1, 12 of F2-3 and four of F4. Addition-
ally, in four of 12 patients of F2--3, fibrosis stages were
underestimated by LSM both in pretreatment and after
normalization of ALT levels. This finding indicates two
facts. One is that we have to invent another method to
adjust the overestimation of fibrosis stages for F2-3. The
other is that there is also a problem of underestimation
of liver fibrosis using TE. The mechanism of underesti-
mation has not yet been elucidated. In addition, we
need to know the correct fibrosis stages from LSM for
determining how to treat the patients before treatment,
but this study provides us the method to establish the
fibrosis stage only after treatment.

It is important to determine the optimal time for
restoring the reliability of LSM for assessing liver fibrosis
after antiviral therapy or natural amelioration. Park et al.
examined the decline of LSM and ALT levels in patients
with chronic hepatitis B experiencing acute exacerba-
tion.” Three months after acute exacerbation, ALT levels
had decreased below two times the ULN and stabilized
(medians, 522, 43, 21, 19, 18 and and 16 IU/L at base-
line, 1, 3, 6, 9 and 12 months, respectively). However,
LSM required 3 months more (6 months after exacer-
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bation) for stabilization (median, 15.1, 10.0, 7.4, 7.1,
6.3 and 5.8 kPa at baseline, 1, 3, 6, 9 and 12 months,
respectively). The authors conclude that LSM should be
postponed for at least 3 months after stabilization of
ALT levels below two times the ULN to restore the reli-
ability of LSM in assessing liver fibrosis. Whether LSM at
stabilization actually indicates the correct liver fibrosis
stage should be also further studied.

Several reports suggested using different cut-off values
for normal and elevated ALT levels in order to adjust the
inflammation-induced overestimation of fibrosis stage
using TE. As patients with higher ALT levels tend to have
higher LSM than those with lower ALT levels at the same
stage of liver fibrosis, the optimal cut-off values of LSM
tend to be lower for the patients with normal ALT levels
than those with elevated ALT levels. Chan et al. derived
an algorithm using LSM to determine liver fibrosis in
chronic hepatitis B.2 An LSM of less than 5 kPa should
indicate FO regardless of ALT levels. For patients with
normal ALT levels, an LSM of 5-6 kPa would indicate
F0-2, an LSM of 6-9 kPa (gray zone) FO~4 (liver biopsy
is recommended), an LSM of more than 9 kPa F3-4
and an LSM of more than 12 kPa F4. For patients with
elevated ALT levels (>1-5-times ULN), an LSM of
5-7.5 kPa would indicate FO-2, an LSM of 7.5-12 kPa
(gray zone) FO-4, an LSM of more than 12 kPa F3-4
and an LSM of more than 13.4 kPa F4. Chan et al.
suggest that, based on these algorithms, liver biopsy can
be avoided in 62% and 58% of normal and elevated ALT
levels, respectively.

Kim et al. reported that the cut-off LSM values for
F2 or higher, F3 or higher and F4 were 6.0, 7.5 and
10.1 kPa, respectively, in chronic hepatitis B patients
with normal ALT levels, whereas they were 8.9, 11.0 and
15.5 kPa, respectively, in those with elevated ALT levels
(>1-2-times ULN).’

Kim et al. also developed an LSM-based prediction
model for cirrhosis using different cut-off values accord-
ing to ALT levels in chronic hepatitis B."° They proposed
LSM spleen diameter to platelet ratio index (LSPI):
LSM x spleen diameter / platelet countx 100. In the
whole cohort, LSPI cut-off values of 39 and 77 provided
a negative predictive value (NPV) of 96.1% and positive
predictive value (PPV) of 95.8%, respectively. 74.8% of
the patients with LSPI of less than 39 or more than 77
could be diagnosed as non-cirthotic or cirrhotic and
avoid liver biopsy. In the patients with normal ALT
levels, LSPI cut-off values of 38 and 62 provided an NPV
of 95.7% and PPV of 95.5%, respectively. In those with
elevated ALT levels, LSPI cut-off values of 42 and 94
provided an NPV of 95.1% and PPV of 96.4%, respec-
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tively. With this method, 76.7% of the patients can be
diagnosed as non-cirrhotic or cirrhotic and avoid liver
biopsy. :

Acoustic radiation force impulse (ARFI) elastography
can measure LSM and be used to assess the liver fibrosis
stage as well as TE. Yoon etal. reported that the
optimum cut-off values for ARFI elastography were
1.13 m/s for F2 or more and 1.98 m/s for F4; these
decreased to 1.09 m/s for F2 or more and 1.81 m/s for
F4 in patients with normal ALT levels."

To adjust the inflammation-induced overestimation
of liver fibrosis, two methods have been proposed. One
is to wait until inflammation and its effect on LSM
subside naturally or by antiviral treatment. This method
has some problems; when is the optimal time for mea-
surement of LSM and whether LSM at the point of
normal ALT levels actually indicates real fibrosis stages.
The other method is to use different cut-off values for
the patients with normal ALT levels and those with
elevated ALT levels. This method also has some prob-
lems. We should consider the degrees of ALT elevation.
The cut-off values may have to differ according to the
degrees of elevation of ALT levels. For example, the
cut-off values should differ between the patients with
ALT levels of 1-2-times ULN and those of 2-5-times
ULN. There is also a question whether the degree of
elevation of ALT levels actually correlate with elevation
of LSM. Vigano et al. reported that LSM correlated sig-
nificantly with bilirubin only and that the decline of
LSM significantly correlated with bilirubin in acute
hepatitis B.'? In addition, the degrees of inflammation-
induced overestimation differ among the different fibro-
sis stages. Nitta et al. reported that LSM significantly
correlated with ALT levels only in F2, but not in the
other fibrosis stages.” Arena et al. also reported that the
presence of inflammation significantly affected LSM in
patients who did not have cirrhosis.®

In conclusion, TE is a non-invasive and reproducible
method for measuring LSM and assessing liver fibrosis
stages, which may hopefully replace liver biopsy.
Inflammation can result in high LSM values indicating
the presence of falsely higher fibrosis stages than real
fibrosis stages. Several studies have recommended
methods to adjust the inflammation-induced overesti-
mation of liver fibrosis using TE, but the results are not
yet satisfactory to use them in clinical practice. Thus,
further studies are needed.

Kentaro Yoshioka
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