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Aim: IL28B polymorphisms serve to predict response to
pegylated interferon plus ribavirin therapy (PEG IFN/RBV} in
Japanese patients with chronic hepatitis C (CHC) very reliably.
However, the prediction by the IL28B polymorphism contra-
dicted the virological response to PEG IFN/RBV in some
patients. Here, we aimed to investigate the factors respon-
sible for the discrepancy between the IL28B polymorphism
prediction and virological responses.

Methods: CHC patients with genotype 1b and high viral load
were enrolled in this study. In a case~control study, clinical
and virological factors were analyzed for 130 patients with
rs8099917 TT genotype and 96 patients with rs8099917 TG or
GG genotype who were matched according to sex, age, hemo-
globin level and platelet count.

Results: Higher low-density lipoprotein (LDL) cholesterol,
lower yglutamyltransferase and the percentage of wild-type
phenotype at amino acids 70 and 91 were significantly

associated with the rs8099917 TT genotype. Multivariate
analysis showed that rs8099917 TG or GG genotype, older age
and lower LDL cholesterol were independently associated
with the non-virological responder (NVR) phenotype. In
patients with rs8099917 TT genotype (predicted as virological
responder [VR]}, multivariate analysis showed that older age
was independently associated with NVR. In patients with
rs8099917 TG or GG genotype {predicted as NVR), multivariate
analysis showed that younger age was independently associ-
ated with VR.

Conclusion: Patient age gave rise to the discrepancy
between the prediction by IL28B polymorphism and the viro-
logical responses, suggesting that patients should be treated
at a younger age.

Key words: aging, genotype, I1L28B, low-density lipoprotein
cholesterol, single nuclectide polymorphism

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is a global
health problem with worldwide estimates of
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120-130 million carriers.! Chronic FICV infection, the
leading cause of liver transplantation, can lead to pro-
gressive liver disease, resulting in cirrhosis and compli-
cations, including decompensated liver disease and
hepatocellular carcinoma.? The current standard-of-care
treatment for suitable patients with chronic HCV infec-
tion consists of pegylated interferon-¢-2a or -2b (PEG
IEN) given by injection in combination with oral ribavi-
rin (RBV) for 24 or 48 weeks, depending on HCV geno-
type. large-scale treatment in the USA and Europe
showed that 42-52% of patients with HCV genotype 1
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achieved a sustained virological response (SVR),*~ and
studies conducted in Japan produced similar results.
This treatment is associated with well-known side-
effects (e.g. influenza-like syndrome, hematological
abnormalities and neuropsychiatric events) resulting
in reduced compliance and fewer patients completing
treatment.” It is important to predict an individual’s
response before treatment with PEG IFN/RBV to avoid
side-effects, as well as to reduce the treatment cost. The
HCV genotype, in particular, is used to predict the
response: patients with the HCV genotype 2/3 have a
relatively high rate of SVR (70-80%) with 24 weeks
of treatment, whereas those infected with genotype 1
have a much lower rate of SVR, despite 48 weeks of
treatment.’

Our recent genome-wide association studies (GWAS)
revealed that several highly correlated common single
nucleotide polymorphisms (SNP) in the region of
the interleukin-28B (IL28B) gene on chromosome 19,
coding for interferon (IFN)-A3, are implicated in the
non-virological responder (NVR) to PEG IFN/RBV phe-
notype among patients infected by HCV genotype 1.7
The association between response to PEG IFN/RBV and
SNP associated with [L28B was concurrently reported by
two other groups who also employed GWAS.*® The
IL28B polymorphism was highly predictive of the
response to PEG IFN/RBV therapy in Japanese chronic
hepatitis C (CHC) patients.'™"? However, this was not
always the case. Therefore, we attempted to determine
why the IL28B polymorphism did not predict the
response of all patients. The nature of the functional
link between the IL28B polymorphism and HCV clear-
ance is unknown, and this must be defined to under-
stand how the [L28B polymorphism correlates with
HCV dearance. Therefore, we also investigated the asso-
ciation between the [L28B polymorphism and clinical
characteristics of CHC patients.

METHODS

Patients

TOTAL OF 696 CHC patients with genotype 1b and

high viral load were recruited from the National
Center for Global Health and Medicine, Hokkaido Uni-
versity Hospital, Tokyo Medical and Dental University
Hospital, Yamanashi University Hospital, Tonami
General Hospital, and Shin-Kokura Hospital in Japan.
In a case-control study, sex, age, hemoglobin level and
platelet count were matched between patients with the
1s8099917 TT genotype (n=130) and patients with

Factors for the prediction failure by IL.28B SNP 959

1s8099917 TG or GG genotypes (n=96) to eliminate
background biases.

Fach patient was treated with PEG IFN-o-2b
(1.5 ug/kg s.c. weekly) or PEG 1IFN-0-2a (180 pg/body
s.c. weekly) plus RBV (600-1000 mg daily, depending
on bodyweight). Because a reduction in the dose of PEG
IFN/RBV can contribute to a lower SVR rate,'” only
patients with an adherence of more than 80% dose for
both drugs during the first 12 weeks were included in
this study. Those positive for hepatitis B surface antigen
and/or anti-HIV were excluded from this study.

Non-virological response was defined as less than a
2 log-unit decline in the serum level of HCV RNA from
the preureatment baseline value within the first 12 weeks
and detectable viremia 24 weeks after treatment. Viro-
logical response (VR) was defined as attaining SVR
or transient virological response (TVR) in this study;
SVR was defined as undetectable HCV RNA in serum
6 months after treatment, whereas TVR was defined as a
reappearance of HCV RNA in serum after the treatment
was discontinued for a patient who had undetectable
HCV RNA during the therapy or on completion of the
therapy. At the time of enrolliment, written informed
consent was obtained for the collection and storage of
serum and peripheral blood. This study was conducted
in accordance with provisions of the Declaration of
Helsinki.

Clinical and laboratory data

The sex, age, hemoglobin (Hb) and platelet counts
were matched between study groups. Other parame-
ters determined were as follows: alkaline phosphatase
(ALP), alanine transaminase (ALT), total cholesterol,
fasting blood sugar (FBS), low-density lipoprotein
(LDL) cholesterol, y-glutamyl transpeptidase (y-GTP),
o-fetoprotein (AFP), HCV RNA level and the rs8099917
polymorphism near IL28B.

DNA extraction

zenomic DNA was extracted from the buffy coat frac-
tion of patients” whole blood using a GENOMIX kit
(Talent SRL; Trieste, Italy).

IL28B genotyping

We have reported that the rs8099917 polymorphism
is the best prediclor for the response of Japanese
CHC patients to PEG IFN/RBV therapy than other SNP
near IL28B." Therefore, the rs8099917 polymorphism
was genotyped using the InvaderPlus assay (Third
Wave Japan, Tokyo, Japan), which combines polymerase
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chain reaction (PCR) and the invader reaction.'™* The
InvaderPlus assay was performed using the LightCycler
1.C480 (Roche Applied Science, Mannheim, Germany).

Detection of amino acid substitutions in
core and NS5A regions of HCV-1b

In the present study, substitutions of amino acid resi-
dues 70 (s-aa 70) and 91 (s-aa 91), and the presence
of the IFN sensitivity-determining region (ISDR) were
determined by direct nucleotide sequencing. HCV RNA
was extracted from serum samples at the start of
patients’ therapy and reverse transcribed with a random
primer and SuperScript Il reverse transcriptase (life
Technologies, Carlsbad, CA, USA). Nucleic acids were
amplified by PCR as described."”

Statistical analysis

Quantitative  variables were expressed as the
mean * standard error (SE) unless otherwise specified.
Categorical variables were compared using a y’-test or
Fisher’s exact test, as appropriate, and continuous vari-
ables were compared using the Mann-Whitney U-test.
P < 0.05 was considered statistically significant. Multi-
variate analysis was performed using a stepwise logistic
regression model. We performed statistical analyses
using STATA ver. 11.0 {StataCorp, College Station, TX,
USA).

Table 1 Univariate analysis of IL28B TT and TG + GG genotypes

Hepatology Research 2012; 42: 958-965

RESULTS

Patient characteristics and IL28B genotype
in a matched case—control study

ABLE 1 SHOWS PATIENT characteristics according

to IL28B genotype. In a matched case-control study,
sex, age, Hb levels and platelet counts were matched
between 130 patients with rs8099917 TT genotype and
96 patients with rs8099917 TG or GG genotype. Lower
¥-GTP (P=10.013) and higher LDL cholesterol levels
(P<0.001) were significantly associated with the TT
genotype of 1s8099917. The percentages of wild type of
s-aa 70 and s-aa 91 of patients with the rs8099917 TT
genotype were significantly higher than those of patients
with rs8099917 TG or GG genotype (s-aa 70: TT vs
TG+ GG, 68% vs 37% [P<0.001}]; s-aa 91: TT s
TG + GG, 68% vs 51% [P=0.017]).

Factors associated with NVR in
total patients

Table 2 shows the factors associated with NVR by
univariate and multivariate analyses. Univariate analysis
showed that older age (P = 0.002), lower platelet counts
(P =0.01), higher v-GTP (P = 0.013), lower total choles-
terol (P=0.017), lower LDL cholesterol (P <0.001)
levels and higher AFP levels (P=0.019) were signi-
ficantly associated with NVR. The percentage of TG
or GG genotype of 1s8099917 of patients with NVR was

Variable TT genotype TG + GG genotype P-value
(n=130) (n=96)

Sex (% male) 61 (47) 46 (48) Matched
Age (years), mean (SE) 57.2 {0.8) 57.5 (0.9) Matched
Hemoglobin (g/dL), mean (SE) 14.3 (0.3) 13.9 (0.2) Matched
Platelet count {/uL), mean (SE) 16.2 {0.5) 16.0 (0.5) Matched
ALT (IU/L), mean (SE) 79.4 (5.4) 80.5 (7.8) 0.281
ALP (IU/L), mean (SE) 273.8 (11.7) 283.9 (11.8) 0.313
¥-GTP (IU/L), mean (SE) 63.4 (6.0) 76.0 (6.4) 0.013
Total cholesterol (mg/dL), mean (SE) 177.5 (3.3) 1723 (3.2) 0.345
LDL cholesterol (mg/dL), mean (SE) 99.0 (2.6) 83.5 (2.8) <0.001
Fasting blood sugar (mg/dL), mean (SE) 114.1 (4.1) 104.4 (1.9) 0.97
AFP (ng/dL), mean (SE) 9.8 (1.1) 11.5 {1.6) 0.190
HCV RNA (log IU), mean (SE) 62 (0.1) 6.1 (0.1) 0.186
s-aa 70 wild type (%) 70/103 (68) 30/81 {37) <0.001
s-aa 91 wild type (%) 70/103 (68) 41/81 (51) 0.017
ISDR mutation 0-1 point (%) 82/100 (82) 70/81 (86) 0.42

AFP, u-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; v-GTP, y-glutamyl transpeptidase; HCV, hepatitis C virus;
ISDR, interferon sensitivity-determining region; LDL, low-density lipoprotein; SE, standard error.
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Table 2 Univariate and multivariate analyses of patients with chronic hepatitis C treated with PEG IFN/RBV with respect to VR and

NVR
Variable Univariate analysis Multivariate analysis
VR (n=128) NVR (n=98)  Pwvalue  OR(95% CI) P-value
Sex (% male) 65 (51) 42 (43) 0.237
Age (years), mean (SE) 55.6 (0.8) 59.6 (0.9) 0.002 1.075 {1.012-1.143) 0.02
138099917 (TG or GG genotype) (%) 23/128 (18) 73/98 (74) <0.001 25460 (7.436-87.169)  <0.001
Hemoglobin (g/dL), mean (SE) 14.4 (0.3) 13.7 (0.2) 0.053
Platelet count (/ul.), mean (SE) 16.9 (0.5) 15.0 (0.5) 0.01
ALT (IU/L), mean (SE) 83.9 (6.4) 745 (6.2) 0.116
ALP (IU/L), mean (SE) 2741 (12.3) 2829 (11.2)  0.169
Y-GTP (IU/L), mean (SE) 659 (6.4) 72.6 (5.6) 0.013
Total cholesterol (img/dl.), mean (SE) 180.3 (3.1) 168.4 (3.5) 0.017
L.DL cholesterol (mg/dL), mean (SE) 1005 (2.7) 83.5 (2.8) <0.001 0.978 (0.956-0.999) 0.046
Fasting blood sugar (mg/dL), mean (SE) 106.6 (2.9) 114.8 (4.4) 0.058
AFP (ng/dL), mean (SE) 9.6 (1.1) 12.0 (1.6) 0.021
HICV RNA (Log IU), mean (SE) 6.2 (0.1) 6.2 (0.1) 0.876
s-aa 70 wild type (%) 67/102 (66) 33/82 (54) 0.001
s-aa 91 wild type (%) 67/102 (66) 44/82 (54) 0.097
ISDR mutation 0-1 point (%) 79/96 (82) 73/85 (86) 0.511

AFP, a-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; Cl, confidence interval; v-GTP, y-glutamyl transpeptidase;
HCV, hepatitis C virus; ISDR, interferon sensitivity-determining region; LDL, low-density lipoprotein; NVR, non-virological response;
OR, odds ratio; PEG IEN, peginterferon; SE, standard error; RBV, ribavirin; VR, virological response.

significantly higher than that of patients with VR (VR vs
NVR: 23/128 [18%] vs 73/98 [74%)], P < 0.001). The
percentage of wild-type s-aa 70 in patients with NVR was
significantly lower than that in patients with VR [VR vs
NVR: 67/102 [66%)] vs 33/82 [54%)], P=0.001]. Multi-
variate analysis showed that older age (odds ratio
[OR] = 1.075; 95% confidence interval [Cl]=1.012-
1.14; P=0.02), TG or GG genotype of 138099917
(OR=25.460; 95% Cl=7.436-87.169; P<0.001)
and lower LDL cholesterol levels (OR=0.978; 95%
C1=0.956-0.999; P=0.046) were independently
associated with NVR.

VR to treatment depending on
{L28B genotype

In the patients with the 158099917 TT genotype, the
rates of SVR, TVR and NVR were 62%, 19% and 19%,
respectively. Therefore, 19% patients were NVR, even
though 158099917 represents the TT genotype (pre-
dicted as VR). In contrast, in the patents with
18099917 TG or GG, the rates of SVR, TVR and NVR
were 14%, 10% and 76%, respectively. Therefore, 24%
patients were VR, even though 158099917 was TG or GG
genotype (predicted as NVR) (Fig. 1).

Factors associated with NVR in patients
with the rs8099917 TT genotype

Table 3 shows the factors associated with NVR in
patients with the rs8099917 TT genotype (predicted as
VR) by univariate and multivariate analyses. Univariate
analysis showed that female sex (P =0.003), older age

(a) (b)
TT (rs8099917) TG+GG (rs8099917)
(n=130) (n=96)
~ ~—
o SVR ™.,
n=13 /
(14%) /T\/1P;\l
. n=10":
7 (10%),
SVR
n=80 E
(62%)

Figure 1 Virological responses to pegylated interferon and
ribavirin therapy were shown in patients with 1s8099917 TT
(a) and TG+ GG (b). NVR, non-virological response; SVR,
sustained virological response; TVR, transient virological
response.
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Table 3 Variables associated with NVR by univariate and multivariate analyses in patients with rs8099917 TT genotype

Variable Univariate analysis Multivariate analysis
VR (n=105) NVR {n =25) P-value OR (95% CI) P-value

Sex (% male) 56 (53) 5 (20) 0.003

Age (years), mean (SE) 56.1 (0.8) 61.7 (1.6) 0.001 1.142 (1.026-1271) 0015
Hemoglobin (g/dL), mean (SE) 14.6 {0.4) 13.1 (0.3) 0.005

Platelet count (/ul.), mean (SE) 16.7 (0.6) 13.8 (1.0) 0.013

ALT (IU/L), mean (SE) 83.6 (6.3) 61.0 (7.9) 0.053

ALP (IU/L), mean (SE) 270.6 (13.6) 2859 (22.3)  0.206

y-GTP (IU/1.), mean (SE) 66.9 (7.1) 49.2 (7.4) 0.473

Total cholesterol (mg/dL), mean (SE) 180.2 (3.6) 165.0 (7.6) 0.072

L.DL cholesterol (mg/dL), mean (SE) 101.2 (2.9) 88.5 (5.2) 0.067

Fasting blood sugar (mg/dL), mean (SE) 108.4 (3.5) 140.0 (15.5) 0.127

AFP (ng/dL), mean (SE) 9.4 (1.2) 12.2 (3.6) 0.245

HCV RNA (log 1), mean (SE) 6.2 (0.1) 6.2 (0.1) 0.948

s-aa 70 wild type (%) 57/83 (66) 13/20 (75) 0.752

s-aa 91 wild type (%) 55/83 (66 15/20 (75) 0.452

ISDR mutation 0-1 point (%) 64/79 (81) 18/21 (86) 0.618

AFP, o-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; Cl, confidence interval; y-GTP, y-glutamyl transpeptidase;
HCV, hepatitis C virus; ISDR, interferon sensitivity-determining region; 1.D1, low-density lipoprotein; NVR, non-virological response;

OR, odds ratio; SE, standard error; VR, virological response.

(P=0.001), lower Hb levels {(P=0.005) and lower
platelet counts (P = 0.019) were significantly associated
with NVR in patients with the 1s8099917 TT genotype.
Multivariate analysis showed that only older age was
independently associated with NVR in patients with the
rs8099917 TT genotype (predicted as VR) (OR=1.142;
95% Cl=1.026~1.27; P=0.015).

Factors associated with VR in patients with
the rs8099917 TG or GG genotypes

Table 4 shows the factors associated with VR in patients
with the rs8099917 TG or GG genotypes (predicted as
NVR) by univariate and multivariate analyses. Younger
age (P=0.005), lower y-GIP (P=0.009) and higher
LDL cholesterol levels (P=0.032) were significantly
associated with VR by univariate analysis. Multivariate
analysis showed that only younger age was indepen-
dently associated with VR in patients with the
158099917 TG or GG genotype (predicted as NVR)
(OR=10.926; 95% CI=0.867-0.990; P = 0.023).

Rate of VR depending on the rs8099917
genotype of each age group

We divided patients into four age groups and compared
VR rates by the differences in 1s8099917 genotype for
each group. The rate of VR decreased gradually in the
older age groups independent of genotype. In the less
than 49 years age group, the rate of VR in patients with

© 2012 The Japan Society of Hepatology

the rs8099917 TT genotype was significantly higher than
that in patients with the 1s8099917 TG + GG genotypes
(P =0.0002). Further, in the 50-59 and 60-69 years age
groups, the rates of VR in patients with the rs8099917
TT genotype were significantly higher than those
in patients with the 18099917 TG+ GG genotypes
(P < 0.0001, respectively). In the group that included
subjects aged older than 69 years, only 50% of patients
achieved VR even in those with the 158099917 TT geno-
type (predicted as VR). In contrast, 47.6% of patents
achieved VR, including those with the 138099917 TG
or GG genotypes (predicted as NVR) in the less than
49 years group (Fig. 2).

DISCUSSION

INGLE NUCLEOTIDE POLYMORPHISM  array

analysis employing GWAS technology conducted by
our laboratory and others revealed the relationships
between SNP associated with the IL28B locus or present
within the coding sequences for IFN-A3, or the response
to PEG IFN/RBV therapy for CHC.”™" Subsequent studies
have confirmed that the response to PEG IFN/RBV
therapy correlates with the SNP associated with
IL28B"" and indicates their value for predicting the
response to PEG IFN/RBV therapy. Unfortunately, these
predictions do not hold for some patients. In an attempt
to understand the reasons for this, in the present study,
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Table 4 Variables associated with VR by univariate and multivariate analyses in patients with 138099917 TG or GG genotypes

Variable Univariate analysis Multivariate analysis
VR (n=23) NVR (n=73) P-value OR (95% CI) P-value
Sex (% male) 9 {40%) 37 (51%) 0.333
Age (years), mean (SE) 53.2 (1.7) 58.8 (1.1) 0.005 0.926 {0.867-0.990)  0.023
Hemoglobin (g/dL), mean (SE) 13.6 (0.3) 13.9 (0.2) 0.44
Platelet count (/ul), mean (SE) 17.6 (1.1) 15.5 (0.6) 0.059
ALT (ILI/L), mean (SE) 85.5 (21.6) 78.9 (7.8) 0.767
ALP (TU/L), mean (SE) 291.9 (28.6) 281.8 (13.0) 0.921
v-GTP (IU/L), mean (SE) 62.2 (15.1) 80.4 (6.9) 0.009
Total cholesterol (mg/dL), mean (SE) 180.5 (6.2) 169.5 (3.7) 0.17
1.DL cholesterol (mg/dl.), mean (SE) 97.6 (6.9) 81.9 (3.6) 0.032
Fasting blood sugar (mg/dl.), mean (SE) 98.1 (2.8) 106.3 (2.3) 0.084
AFP (ng/dL), mean (SE) 10.3 (3.4) 11.9 (1.8) 0.123
HCV RNA (log TU), mean (SE) 5.9 (0.1) 6.2 (0.1) 0.087
s-aa 70 wild type (%) 10/19 (53) 20/62 (32)- 0.108
s-aa 91 wild type (%) 12/19 (63) 29/62 (47) 0.211
[SDR mutation 0-1 point (%) 15/17 (88) 55/64 (86) 0.806

AFP, a-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; Cl, confidence interval; v-GTP, y-glutamyl transpeptidase;
HCV, hepatitis C virus; ISDR, interferon sensitivity-determining region; LDL, low-density lipoprotein; NVR, non-virological response;
OR, odds ratio; SE, standard error; VR, virological response.

we recruited a new set of patients for further analysis. although they were predicted as VR. Twenty-four percent
Here, we confirmed that IL28B polymorphism was the of patients with the rs8099917 TG or GG genotypes
most significant predictive factor for NVR with respect were VR, although they were predicted as NVR. We were
to PEG IFN/RBV treatment. Moreover, 19% of patients able to determine by multivariate analysis that age was
exhibiting the rs8099917 TT genotype were NVR, the most likely factor responsible for the discordance

VR ratio
(%) ,
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Figure 2 Virclogical responses (VR) to pegylated interferon and ribavirin therapy were compared between the patients with
138099917 TT and TG + GG in each generation group. (&) Total patients, (o) TT genotype (1s8099917), (8) TG + GG genotype
(rs8099917).
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between IL28B genotype and patients’ response to viral
infection.

How does age influence the VR to PEG IFN/RBV
therapy? First, the lower rate of VR to PEG IFN/RBV
therapy in patients with CHC was attributed to lower
compliance with the IFN or RBV dose.**' Because lower
compliance with PEG IEN or RBV therapy was expected
to be associated with a lower rate of VR in older patients,
we recruited patients who were administrated over 80%
of the prescribed dose of IFN/RBV. Therefore, lower
compliance can be discounted as a reason for reduced
response. Second, a more advanced stage of fibrosis
might have been present in the older group. Platelet
counts in patients with NVR were significantly lower
than those in patients with VR, and lower platelet counts
may be associated with advanced fibrosis.** Moreover,
advanced fibrosis is associated with lower rates of SVR to
[FN-based therapy.” Third, epigenetic factors such as
DNA methylation induced by aging may be involved in
the reduced efficacy of PEG IFN/RBV treatment in older
patients. DNA methylation near gene promoters is
known to turn off transcription or reduce it consider-
ably, and advanced age is strongly associated with the
increased DNA methylation.” Therefore, DNA methyla-
tion may be increased near or in the JL28B promoter
as a function of age resulting in suppression of IL28B
transcription.

Lower LDL cholesterol levels were significantly asso-
ciated with NVR in patients with CHC. Moreover, LDL
cholesterol levels in patients with the rs8099917 TT
genotype were significantly higher than those in patients
with the TG + GG genotypes. The association between
LDL cholesterol and IL28B polymorphism as well as the
VR to PEG IFN/RBV has been reported.”® Higher pre-
treatment levels of LDL cholesterol have been shown to
predict increased response to standard PEG IFN/RBV
treatment for patients with CHC.?* Although the
mechanisms responsible for the association between
LDL cholesterol levels and the VR to PEG IEN/RBV are
unknown, the IL28B-1s8099917 TT responder genotype,
which may correlate with an increased likelihood of
treatment response and higher LDL cholesterol levels, is
associated with either lower IFN-A3 activity or reduced
expression of genes regulated by IFN-mediated signaling
pathways.

In conclusion, our studies provide compelling evi-
dence that patient age is most likely responsible for
incorrect predictions of VR to PEG IFN/RBV therapy in
Japanese CHC patients based on IL28B genotypes. Our
findings indicated that patients should be treated as
soon as they are diagnosed. It will be important to

© 2012 The Japan Society of Hepatology
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investigate the role of the epigenetic factors associated
with JL28B expression to develop more effective PEG
IFN/RBV-based therapies for patients with CHC.
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Introduction

Abstract

Background and Aims: Pegylated interferon (PEG-IFN) o-2b and ribavirin (RBV) treat-
ment of chronic hepatitis C virus (HCV) infection is associated with a substantially
elevated risk of discontinuation. The aim of this study is to evaluate the reason for
premature discontinuation during PEG-IFN a-2b and RBYV treatment due to adverse effects
in patients with chronic HCV infection.

Methods: A total of 2871 Japanese patients who had chronic HCV infection treated with
PEG-IFN o-2b and RBV were screened. We prospectively investigated the reasons for
premature discontinuation of treatment classified by sex and age, and analyzed the timing
of discontinuation.

Results: Of the 2871 patients, 250 (8.7%) discontinued treatment because of adverse
effects. The main reasons for premature discontinuation were neurovegetative symptoms
(n=717, 30.8%), depression-related syndrome (n =46, 18.4%), hematologic effects
(n=41, 16.4%) and dermatologic effects (n =27, 10.8%). The rate of discontinuation of
treatment for patients aged = 65 years was significantly higher than for patients aged
< 65 years, for both men (P < 0.0001) and women (P = 0.0121). Moreover, the frequency
of discontinuation due to neurovegetative symptoms, depression-related syndrome, and
hematologic effects for men aged = 65 years was significantly higher than for those aged
< 65 years (P =0.0001, P =0.0016, and P = 0.0170, respectively), but not for women.
Conclusion: Premature discontinuation due to the adverse effects of PEG-IFN o-2b and
RBYV treatment by patients with chronic HCV infection is mainly due to neuropsychiatric
symptoms and is more common for older than for younger patients.

can induce viral clearance and biochemical and histological
improvement.>

Hepatitis C virus (HCV) infection is the main cause of chronic
liver disease and is reported to have infected approximately 170
million people worldwide. Most patients with chronic HCV
infection may achieve normal life expectancy, but about 30%
develop the life-threatening complications of end-stage liver
disease, including cirrhosis and hepatocellular carcinoma.'? Anti-
viral treatment with interferon (IFN) for chronic HCV infection

Journal of Gastroenterclogy and Hepatology 27 (2012} 1233-1240

Although antiviral treatment has steadily improved over the last
decades, the rates of sustained virological response (SVR) were
only 40-50% for patients treated with pegylated IFN (PEG-IFN) o
and ribavirin (RBV) for chronic hepatitis infected with HCV geno-
type 1.%7 SVR depends mainly on factors such as viral (HCV
genotype, the HCV core 70 and NS5A interferon sensitivity-
determining regions®), host factors (polymorphisms in the
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interleukin 28B region®®), and the early viral kinetics of antiviral
treatment.'®!! One of the reasons for the low SVR rates is the high
frequency of adverse events related to PEG-IFN o and RBV treat-
ment;? therefore, the adherence to antiviral treatment would have
a favorable effect on the SVR rate. In fact, patients who discon-
tinued PEG-IFN « and RBYV treatment prematurely for whatever
reason had an SVR rate of 12% compared with 65% of those who
continued treatment despite dose reduction.

Laboratory abnormalities, such as neutropenia, anemia and
thrombocytopenia, are the most frequent side-effects of PEG-IFN
o and RBV treatment. Dose reductions of either PEG-IFN «
and/or RBV for mainly laboratory abnormalities were required by
32-42% of patients in one study; however, the rate of premature
discontinuation due to laboratory abnormalities was only 2-3%.>7
Although the most common adverse events of PEG-IFN o and
RBYV treatment were fatigue (64%), headache (62%) and injection-
site reaction (58%) in another study,' there have been few large-
scale reports of the correlation between adverse effects and the
premature discontinuation of PEG-IFN o. and RBV treatment.

The aim of this large-scale, prospective study was to assess the
reasons for and frequency of premature discontinuation of PEG-
IFN o-2b and RBV treatment of Japanese patients with chronic
HCYV infection due to adverse effects.

Methods

Patients. This prospective study was of 2871 Japanese patients
with chronic HCV infection aged 18 years or older treated with
PEG-IFN o-2b and RBV between December 2004 and February
2009. The number with HCV genotype 1 was 2018 (70.3%,
median age: 59 years), of whom 1066 (52.8%) were men. The
number with HCV genotype 2 was 853 (29.7%, median age:
54 years), of whom 430 (50.4%) were men. Exclusion criteria
were as follows: (i) positivity for antibody to HIV or positivity for
hepatitis B surface antigen; (i) clinical or biochemical evidence of
hepatic decompensation; (iii) excessive active alcohol consump-
tion (> 60 g/day converted into ethanol) or drug abuse; (iv) sus-
pected hepatocellular carcinoma at entry; (v) other forms of liver
disease (e.g. autoimmune hepatitis, alcoholic liver disease, hemo-
chromatosis); and (vi) treatment with antiviral or immunosuppres-
sive agents prior to enrollment. A total of 2871 patients were
recruited at Kyushu University Hospital and 32 affiliated hospitals
in the northern Kyushu area of Japan.

The study was conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki and was approved by the
Ethics Committee of each participating hospital. Informed consent
was obtained from all patients before enrollment.

Clinical and laboratory assessmemnt. Clinical param-
eters included serum albumin, alanine aminotransferase (ALT),
v-glutamyl-transpeptidase, creatinine clearance (Cer), total choles-
terol, hemoglobin (Hb), complete platelet counts, HCV genotype
and HCV RNA. All were measured by standard laboratory tech-
niques at a commercial laboratory. Body mass index (BMI) was
calculated as weight in kilograms/height in square meters.

Determination of HCY-RNA level and HCV geno-
type. Clinical virological follow up was performed by HCV
viremia detection using a real-time reverse transcriptase poly-

1234
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merase chain reaction assay (COBAS TagMan HCV assay; Roche
Diagnostics, Tokyo, Japan), with a lower limit of quantitation of
15IU/mL and an outer limit of quantitation of 6.9 x 107 ITU/mL
(1.2-7.8 log IU/mL referred to logie units/mL). HCV genotype
determination was performed by means of sequence determination
in the 5™-nonstructual (NS) region of the HCV genome followed by
phylogenetic analysis, as previously described.

Therapeutic protocof. All patients received a combination
treatment of PEG-IFN o-2b (PEG-Intron; MSD, Tokyo, Japan)
plus RBV (Rebetol; MSD). The length of treatment was 48 weeks
for HCV genotype 1 and 24 weeks for HCV genotype 2. PEG-IFN
0-2b was administered subcutaneously once weekly at a dose of
60-150 ug based on bodyweight (60 ug for patients weighing
35-45 kg, 80 pg for those weighing 46-60 kg, 100 pg for those
weighing 6175 kg, 120 ug for those weighing 76-90 kg and
150 pg for those weighing 91-120 kg). RBV was given orally at a
daily dose of 600-1000 mg based on bodyweight (600 mg for
patients weighing < 60 kg, 800 mg for those weighing 60-80 kg,
and 1000 mg for those weighing > 80 kg). The above dosages and
duration are those approved by the Japanese Ministry of Health,
Labor and Welfare.

In the event of a serious adverse effect developing during the
course of treatment, we modified the dosage of PEG-IFN o.-2b and
RBYV until the adverse event abated or decreased in severity.
Patients were considered to have RBV-induced anemia if the Hb
level decreased to < 100 g/L. In such cases, a reduction in the dose
of RBV was required. Some patients also had PEG-IFN o-2b-
induced psychological adverse effects or a decrease of white blood
cell and platelet count. In such cases, a reduction in the dosage of
PEG-IFN o-2b was required.

Discontinuation of PEG-IFN o-2b and RBV treat-
memnt. Both PEG-IFN a-2b and RBV were discontinued if the
Hb level, white blood cell count, or platelet count fell below
85 g/L, 1 x 10° /L, or 25 x 10° /L, respectively. The treatment was
discontinued if severe general fatigue, severe neuropsychiatric
symptoms, uncontrolled thyroid disease, interstitial pneumonia,
progressive IFN retinopathy, the onset of carcinoma, severe hema-
tologic problems developed, continuation of treatment was judged
not to be possible by the attending physician, or the patient desired
discontinuation of treatment.

Virological response. COBAS TagMan HCV assay was
used to evaluate HCV viremia as a surrogate marker of virologi-
cal outcome to treatment. SVR was defined as serum HCV RNA
undetectable at 24 weeks after the end of treatment and virologi-
cal HCV relapse was defined as detectable HCV RNA during the
24-week post-treatment period of patients who had undetectable
HCV RNA at the end of treatment.

Definition of neuropsychiatric symptoms and the
assessment of psychiatric problems. Neuropsychiat-
ric symptoms included two distinct dimensions; a neurovegetative
symptom and a depression-related syndrome.!® The neurovegeta-
tive symptoms were reduced energy, anorexia, and psychomotor
retardation, while depression-related syndromes were worsening

Journal of Gastroenterology and Hepatology 27 {2012) 1233-1240

© 2011 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

- 305 -



E Ogawa et al.

mood, anxiety, suicidal ideation, and aggressive behavior towards
others. All patients were seen by hepatologists and psychiatrists at
least weekly but as often as necessary during the first 8 weeks and
then once a month. Mental status was continuously, carefully
monitored. Major depressive episodes during PEG-IFN o-2b and
RBYV treatment were diagnosed by clinical assessment according
to the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition.'’

Statistical analysis. Statistical analysis was performed
using SAS ver. 9.2 (sas Institute, Cary, NC, USA). Quantitative
variables were expressed as median and interquartile range. The
paired t-test, unpaired #test, Mann—~Whitney U-test, x>-test or the
Kruskal-Wallis test were used where appropriate. A P-value less
than 0.05 was regarded as statistically significant.

Results

Rates of premature discontinuation of PEG-IFN
a-Zb and RBY treatiment (Table 7). Of the 2871 patients
screened, 551 (19.2%) had PEG-IFN a-2b and RBYV treatment
discontinued during the treatment period. The discontinuation rate
of patients with HCV genotype 1 (209 of 2010, 10.4%) due to
adverse effects was more than double that of those with HCV
genotype 2 (41 of 861, 4.8%) (P <0.0001), possibly due to the
difference of the treatment period. Of the 551, 250 (45.4%) had
treatment discontinued because of adverse effects and 301
(54.6%) discontinued for other reasons (e.g. non-virological
response, the onset of carcinoma, economic reasons, or dropout).

The rate of premature discontinuation of treatment due to
adverse effects was significantly higher for patients aged
= 65 years than for those aged < 65 years, both for men (14.4% vs
7.3%, P <0.0001) and women (11.2% vs 7.0%, P =0.0121).
Although the rates of premature discontinuation of treatment were
not significantly different for patients aged = 65 years and those
< 65 years with HCV genotype 2, for both men and women, the
discontinuation rates of the group of patients aged = 65 years with
HCV genotype 1 was significantly higher than that of the group
aged < 05 years, both for men (16.9% vs 8.3%, P < 0.0001) and
women (13.6% vs 8.4%, P = 0.0143).

Adverse effect of antiviral treatment

Demographic characteristics of the studied 250
patients who discontinued PEG-IFN o-2b and RBY
treatment prematurely (Table 2). Demographic charac-
teristics of the 209 patients with HCV genotype 1 and the 41 with
HCYV genotype 2 who discontinued the combined treatment are
compared in Table 2. They all discontinued PEG-IFN «-2b and
RBYV treatment prematurely because of adverse effects during the
treatment period. The age was significantly higher (P = 0.0002)
and Cer and platelet count were lower (P =0.0003 and
P =0.0139, respectively) for patients with HCV genotype 1 than
for those with genotype 2. This was due to the age difference
between HCV genotype 1 (median 59 years) and 2 (median
54 years) (P < 0.0001) patients at entry to the study.

Breakdown of the reasons for premature
discontinuation of PEG-IFN o-2b and RBV
treatment (Table 3). The reasons for premature discontinu-
ation of PEG-IFN o-2b and RBV treatment included neurovegeta-
tive symptoms (n=77, 30.8%), depression-related syndrome
(n = 46, 18.4%), hematologic effects (n = 41, 16.4%), dermatologic
effects (n = 27, 10.8%), thyroid disease (n = 10, 4.0%), pulmonary
disease (including interstitial pneumonia and tuberculosis) (n = 10,
4.0%), IFN-induced retinopathy (n=6, 2.4%), autoimmune
disease (n =4, 1.6%), elevation of ALT (over 10 times the upper
limit of the normal range) (n = 2, 0.8%), cerebral vascular disease
(n=2, 0.8%), diabetes mellitus type 1 (n =2, 0.8%) and others
(n=23,9.2%).

For HCV genotype 1 (n = 209), the reasons were neurovegeta-
tive symptoms (n=069, 33.0%), depression-related syndrome
(n =138, 18.2%), hematologic effects (n =33, 15.8%), dermato-
logic effects (r = 20, 9.6%), thyroid disease (n = 8, 3.8%), pulmo-
nary disease (including interstitial pneumonia and tuberculosis)
(n=38, 3.8%), IFN-induced retinopathy (n=15, 2.4%), autoim-
mune disease (n=3, 1.2%), cerebral vascular disease (n=2,
1.0%), diabetes mellitus type 1 (n =2, 1.0%), elevation of ALT
(n=1, 0.5%) and others (n = 20, 9.6%). Similarly, for HCV geno-
type 2 (n=41), the reasons were neurovegetative symptoms
(n=28, 19.5%), depression-related syndrome (n=8, 19.5%),
hematologic effects (n =8, 19.5%), dermatologic effects (n=7,
17.1%), thyroid disease (n=2, 4.9%), interstitial pneumonia

Table 1 Rates of premature discontinuation due to AE of PEG-IFN o-2b and RBV treatment

Overall HCV Genotype 1 HCV Genotype 2
Total Discontinuation P-value* Total Discontinuation P-value* Total Discontinuation P-value*
due to AE due to AE due to AE
All patients 2871 250 (8.7) 2010 209 (10.4) 861 41 {4.8)
Men
< 65 years 1104 81 (7.3) < 0.0001 756 63 (8.3) < 0.0001 348 18 (6.2) 0.7946
= 65 years 397 57 (14.4) 308 52 {16.9) 89 5 (5.6)
Women
< 65 years 995 70 (7.0) 0.0121 667 56 (8.4) 0.0143 328 14 (4.3) > 0.9999
= 65 years 375 42 (11.2) 279 38 {13.6) 96 4 (4.2)
Data is shown as n {%).
*Comparison of patients aged < 65 years and = 65 years.
AE, adverse effects; HCV, hepatitis C virus; PEG-IFN, pegylated interferon; RBYV, ribavirin.
1235
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Table 2 Baseline characteristics of 2560 patients with chronic HCV infection who discontinued PEG-IFN o-2b and RBV treatment prematurely due

to adverse effects

Characteristics Total HCV P-value*
Genotype 1 Genotype 2
n=250 n=209 n=41
Men, n (%) 138 (65.2) 116 (65.6) 22 (63.7) 0.2428
Age {years) 62 [16] 63 [15] 56 [25] 0.0002
Body mass index (kg/m?) 23.2 4.0 23.1 [3.8] 23.2 [6.3] 0.2428
Creatinine clearance (mL/min) 86 [34] 84 [31] 104 [45] 0.0003
Albumin (g/L) 40 (6] 40 (6] 41 [8] 0.3663
ALT (1U/L) 57.0 [60.0] 61.0 [56.5] 485 [79.7] 0.3354
vGT (UML) 48.0 [566.3] 48.0 [57.0] 45.0 [54.0] 0.4948
Total cholesterol {mg/dL) 166 [41] 162 [41] 175 [35] 0.4322
White blood cells (10%L) 47 18] 47 [18] 50 [26] 0.4145
Hemoglobin {(g/L) 137 [21] 136 [21] 141 [24] 0.1333
Platelets (10%/L) 144 (81] 141 [70] 187 194} 0.0139
HCV RNA (log tU/mL) 6.5 [1.0] 6.5 [0.9] 5.9 [1.6] 0.1507

Data is shown median [interquartile rangel or n (%).
*Compared with HCV genotype 1 and 2.

ALT, alanine aminotransferase; y-GT, y-glutamyl-transpeptidase; HCV, hepatitis C virus; PEG-IFN, pegylated interferon; RBV, ribavirin.

Table 3 Breakdown of reasons for premature discontinuation due to
adverse effects of PEG-IFN o-2b and RBV treatment

Genotype 1 Genotype 2 Total
{n=209) (n=41) {n=250)
Neurovegetative symptom, n 69 8 77
Depression-related syndrome, n 38 8 46
Hematologic effect, n 33 8 41
Anemia 18 3 21
Thrombocytopenia 8 3 11
Neutropenia 7 2 9
Dermatologic effect, n 20 7 27
Thyroid disease, n 8 2 10
Hyperthyroidism 7 1 8
Hypothyroidism 1 1 2
Pulmonary disease, n 8 2 10
Interstitial pneumonia 6 2 8
Pulmonary tuberculosis 2 0 2
Retinopathy, n 5 1 6
Autoimmune disease, n 3 1 4
Rheumatoid arthritis 2 1 3
Myasthenia gravis 1 0 1
Elevation of ALTY, n 1 1 2
Cerebrovascular disease, n 2 0 2
Diabetes mellitus type 1, n 2 0 2
Others, n 20 3 23

*Over 10 times the upper limit of the normal range.
ALT, alanine aminotransferase; PEG-IFN, pegylated interferon; RBV,
ribavirin.

(n=2, 4.9%), IPN-induced retinopathy (n=1, 2.4%), autoim-
mune disease (n =1, 2.4%), elevation of ALT (n =1, 2.4%), and
others (n =3, 7.3%).

About half of the premature discontinuations by both genotype
1 and 2 patients were for neuropsychiatric symptoms (123 of 250,
49.2%).

1236

Timing of discomntinuation of PEG-IFN o-2b and
RBY treatment classified by the type of adverse
effect (Fig. 1a,b). In the case of premature discontinuation
due to neuropsychiatric symptoms, including neurovegetative
symptoms and depression-related syndrome, 66 of 107 patients
(61.7%) with HCV genotype 1 discontinued between 5 and
24 weeks after the start of treatment. For premature discontinua-
tion due to hematologic effects, 32 of 33 patients (97.0%) with
HCV genotype 1 discontinued within the first 36 weeks of treat-
ment. For premature discontinuation due to dermatologic effects,
11 of 20 patients (55.0%) with HCV genotype 1 discontinued
within the first 12 weeks of treatment. However, analyses of HCV
genotype 2 found no significant differences in the timing of dis-
continuation of treatment among the tested adverse effects.

Breakdown of the reasoms for premature
discontinuation classified by sex, age, and
adverse effects (Table 4). Of the 250 patients who prema-
turely discontinued treatment, 138 were men and 112 women
(P =0.3336). The most common reason for premature discontinu-
ation was neuropsychiatric symptoms (neurovegetative symptoms
and depression-related syndrome), both for men (64 of 138,
46.3%) and women (59 of 112, 52.7%). No significant differences
in premature discontinuation due to neurovegetative symptoms,
depression-related syndrome, or dermatologic effects were found
in the sex-based analysis, except for a difference in premature
discontinuation due to hematologic effects (men 2.1% vs women
0.7%, P = 0.0026).

In analyses of neurovegetative symptoms, depression-related
syndrome, and hematologic effects classified by sex, age, and
adverse effects, the rate of discontinuation of treatment for male
patients aged = 65 years was significantly higher than for male
patients aged < 65 years (P =0.0001, P = 0.0016 and P = 0.0170,
respectively); however, no such difference was found for women.
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Similarly, in analysis of the dermatologic effect classified by sex,
age, and adverse effect, the rate of discontinuation of treatment for
female patients aged = 65 years was significantly higher than for
female patients aged < 65 years (P = 0.0050); however, no such
difference was found for men.

Discussion

This large-scale, prospective study documented the reasons for
premature discontinuation of PEG-IFN ¢-2b and RBV treatment

Journal of Gastroenterology and Hepatology 27 (2012) 1233-1240

Depressi elated  H logic effect Others

syndrome

8 8 7 10

Dermatologic effect

by Japanese patients with chronic HCV infection, including
patients aged = 65 years. Although some reports have described
the adverse effects of PEG-IFN o-2b and RBV treatment,'>"
Japanese patients with chronic HCV infection who are candidates
for antiviral treatment are currently 10-15 years older than the
patients reported in Western countries,'® therefore, it is necessary
to investigate the adverse effects of PEG-IFN «-2b and RBV
treatment on Japanese patients.

The results of the present study suggested that premature dis-
continuation due to adverse effects during PEG-IFN o-2b and

1237

© 2011 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

- 308 -



Adverse effect of antiviral treatment

E Ogawa et al.

Table 4 Breakdown of the reasons for premature discontinuation classified by sex, age, and adverse effects

Overall  Neurovegetative  Pvalue Depression-related ~ Pvalue  Hematologic  P-value Dermatologic  P-value
symptom syndrome effect effect
Men 1501 44 (2.9) 0.3866 20 {1.3) 0.2282 31 (2.1) 0.0026 15 (1.0) 0.7322
Women 1370 33 (2.4) 26 {1.9) 10 {0.7) 12 (0.9)
Men
< 65 years 1104 23 (1.1) 0.0001 10 (0.9) 0.0016 17 (1.5) 0.0170 10 (0.9) 0.5596
= 65 years 397 21 {56.3) 10 (2.5) 14 (3.5) 5 (1.3)
Women
< B5 years 995 21 (2.1) 0.2409 17 (1.7) 0.4030 7{0.7) >0.9999 4(0.4) 0.0050
= 65 years 375 12(3.2) 9(2.4) 31(0.8) 8 (2.1)

Data is shown as n (%).

RBYV treatment mainly depended on neuropsychiatric symptoms.
The reasons for depressive mood changes during IFN treatment
are still not well understood. Historical or current pretreatment
psychiatric disorders have not been associated with the ability to
tolerate IFN treatment. The alteration of the physiological stress
response in the hypothalamic-pituitary-adrenal axis, the activation
of inflammatory cytokines (IL-2, IL-6, IL-10, dipeptidyl-peptidase
4), abnormal 5-hydroxytryptamine (serotonin) metabolism,” and
to some extent personality traits, may all play a major role in the
development of depression during the IFN treatment. According to
a recent study, a polymorphism (1s9657182) in the promoter
region of the gene encoding indoleamine-2,3-dioxygenase is asso-
ciated with moderate or severe IFN-o-induced depressive symp-
toms in Caucasians.?

Baseline depression significantly predicted the severity of
depressive symptoms during PEG-IFN ¢-2b and RBV treatment;
moreover, Leutscher efal? reported that the emergence of
therapy-induced major depression was associated with a reduced
likelihood of achieving SVR. Hence, it is imperative to assess the
presence or absence of underlying depression and other psychiat-
ric diseases prior to antiviral treatment. Although our data did not
show the frequency of psychiatric disease before the antiviral
treatment, chronic HCV infection has been associated with higher
rates of depression. Lee et al® reported evidence of depressive
symptoms in about 24% of patients with untreated HCV infection,
with two-thirds eventually requiring antidepressant treatment.

Previous studies reported that antidepressive treatment may
optimize the outcome of HCV treatment, in particular by reducing
the risk of early premature discontinuation.®* However, in con-
trast to this view, some studies reported that rates of IFN treatment
completion did not significantly differ between categories of anti-
depressant use.?>? There is a general consensus on antidepressant
medications that serotonin reuptake inhibitors (SSRI) are an effec-
tive choice for treating depression associated with IFN treatment
with chronic hepatitis C. Although SSRI appear to be relatively
safe and help maintain quality of life, their use did not significantly
improve the likelihood of an SVR.* :

In the present study, neuropsychiatric symptoms were the main
reason for premature discontinuation, for patients both under and
over 65 years, and they mainly occurred during the first 24 weeks of
treatment. In previous studies, several demographic factors, includ-
ing age, sex, ethnicity, and education level, had a potential impact
on the occurrence of depression;” however, there is no consensus as
to whether any of these factors have an impact on the development
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of depression in patients treated with IFN.' In our study, there was
no significant sex-based difference in the frequency occurrence of
neuropsychiatric symptoms. However, the frequency of occurrence
of neuropsychiatric symptoms for male patients aged = 65 years
was significantly higher than for male patients aged < 65 years. As
mentioned above, we need to monitor neuropsychiatric symptoms
carefully using diagnostic criteria similar to those used for other
adverse effects: hematologic effects, thyroid function, interstitial
pneumonia and ophthalmologic complications.

The second most common reason for premature discontinuation
of PEG-IFN o-2b and RBV treatment was hematologic effects.
However, the rate of discontinuation because of a hematologic
effect was only 1.4% (41 of 2871). IFN mainly affects white
blood cell and platelet counts, in contrast to RBV, which can bring
about hemolytic anemia. Even though women had significantly
lower pretreatment Hb levels in this study, more men than women
prematurely discontinued PEG-IFN a-2b and RBV treatment due
to hematologic effects, mainly hemolytic anemia. Women more
frequently than men had to reduce the RBV dosage at an early
stage because of a lower pretreatment Hb level. Serum RBV con-
centration was significantly correlated with Hb decline after
12 weeks from the start of treatment;?® thus, the reason for dis-
continuation due to hemolytic anemia of men might be the high
RBYV concentration.

In a recent genome-wide association analysis,” the inosine
triphosphatase (ITPA)-AA/CA genotype was associated with a
higher degree of reduction in platelet count at week 4, as well as
protection against the reduction of Hb, whereas the ITPA-CC
genotype had significantly less reduction in platelet count when
compared with the ITPA-AA/CA genotype instead of a higher
degree of reduction in Hb during the first 12 weeks of PEG-IFN «
and RBV treatment. Based on the results of our study, the rate of
discontinuation due to a hematologic effect during the first
12 weeks of treatment was 31.7% (13 of 41), indicating that ITPA
gene analysis may be useful for tailoring the PEG-IFN and/or
RBYV dose to minimize hematologic abnormalities.

Another IFN-induced hematologic adverse effect is neutrope-
nia. The incidence of neutropenia is a frequent indication for
PEG-IFN « dose reduction or discontinuation. Rapid decreases in
neutrophil counts may be seen within the first 2 weeks of treat-
ment, but they usually stabilize over the next 4-6 weeks as steady
state concentrations of PEG-IFN « are achieved. Although the use
of granulocyte colony-stimulating factor (GCSF) can raise the
neutrophil count during IFN treatment, there is no significant
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correlation between IFN-induced neutropenia and the incidence of
infection.?® Thus, future studies will be required to determine the
usefulness of GCSF for patients with neutropenia.

The third most common reason for the premature discontinua-
tion of PEG-IFN o and RBV treatment was dermatologic effects.
The frequency was very low (27 of 2871, 0.9%) and 16 of 27
(59.3%) of these patients discontinued during the first 12 weeks of
treatment, Moreover, the rate of discontinuation of treatment for
female patients aged = 65 years was significantly higher than for
female patients aged < 65 years (P =0.0050). Most of them dis-
continued treatment due to severe rash or pruritus resistant to
anti-histamine and/or steroid ointments.

Dermatologic adverse effects associated with PEG-IFN o were
mainly reactions at the site of IFN injection. Infection and skin
necrosis at the site of IFN injection is rare, thus, these symptoms
do not necessarily warrant termination of antiviral treatment. Der-
matologic adverse effects associated with RBV were generalized
pruritus, skin xerosis, and eczema, which are mainly localized to
the extremities. Transient rashes do not require RBV treatment
interruption and we treat rashes with topical corticosteroids.

In the near future, the addition of telaprevir, an NS3/4A HCV
protease inhibitor, to PEG-IFN o and RBV is expected to become
the first choice for treating HCV genotype 1. Although a signifi-
cant improvement in SVR has been shown for patients treated with
the triple therapy, severe rash occurred in approximately 5% of
patients.? Zeuzem et al.®! reported that the most common reason
for premature discontinuation was dermatologic effects, thus, phy-
sicians would need close cooperation with dermatologists for the
care of patients with chronic HCV infection.

The remaining reasons for the premature discontinuation of
PEG-IFN o-2b and RBV treatment were various clinical condi-
tions (e.g. inadequately controlled hyperthyroidism, interstitial
pneumonia, worsened retinopathy and autoimmune disease).
Decisions about premature discontinuation of antiviral treatment
must be individualized.

In conclusion, the premature discontinuation of PEG-IFN o.-2b
and RBYV treatment by patients with chronic HCV infection is
mainly because of neuropsychiatric symptoms, irrespective of sex
and age. The management and careful monitoring of neuropsychi-
atric symptoms using well-established diagnostic criteria are
needed during PEG-IFN o-2b and RBV treatment, especially in
the first 24 weeks.
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Aim: To investigate the efficacy and safety of a pegylated
interferon (PEG-IFN) o-2b plus ribavirin (RBV) combination
treatment for patients with chronic hepatitis C virus (HCV)
infection who have persistently normal alanine aminotrans-
ferase (NALT).

Methods: This multicenter study included 989 patients with
HCV genotype 1 {114 with NALT and 875 with elevated ALT)
who received weight-based doses of PEG-IFN a-2b plus RBY
for 48 weeks. We compared the sustained viral response
(SVR) rates of patients with NALT and elevated ALT who
received at least 80% or more of the target dosage of PEG-IFN
o-2b and 60% or more of the target RBV (minimum acceptable
dosage).

Results: No significant difference was found in the overall
SVR rate between the NALT (42.1%) and elevated ALT groups
(37.3%). No significant difference in the SVR rates was found
between NALT (63.3%) and elevated ALT group (61.6%)

patients who received minimum acceptable dosage. Muiti-
variate analysis showed that age (<65 years oid) and total
cholesterol (=220 mg/dl) were significantly independent
positive factors associated with an SVR in the NALT group.
Twenty-four weeks after treatment, an ALT increase above the
normal range was observed for 34.0% (18 of 53) of the non-
responsive group of NALT patients.

Conclusions: The efficacy and safety of PEG-IFN o-2b plus
RBV combination therapy for patients with chronic HCV infec-
tion are similar for patients with NALT and those with elevated
ALT levels. These results indicate that patients with NALT
should be considered for treatment with PEG-IFN o-2b plus
RBV.

Key words: hepatitis C virus, normal alanine
aminotransferase, pegylated interferon, ribavirin

INTRODUCTION

TISWELL documented that hepatocellular carcinoma
(HCC) caused by HCV infection develops at a high
rate in patients with advanced chronic hepatitis (CH)
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and liver cirrhosis.! Interferon (IFN) therapy for chronic
hepatitis C is useful for eliminating hepatitis C virus
(HCV)* and for reducing the progression of hepatic
fibrosis," and consequently the development of HCC.
Alanine aminotransferase (ALT) values are persistently
normal for 20-40% of HCV patients,*” with these
patients generally having milder disease and a relatively
favorable prognosis, and thus they have in the past been
excluded from antiviral treatrnent.’®"" However, the
current American Association for the Study of Liver
Disease (AASLD) practice guidelines recommend that
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the decision to treat HCV-infected patients with persis-
tently normal ALT (NALT) should be individualized
based on the severity of liver disease by liver biopsy, the
potential for serious side effects, the likelihood of
response, and the presence of comorbid conditions.’?
Because, several studies conducted over the past several
years have shown that the liver histology of patients
with NALT levels shows advanced fibrosis, and in some
reports, 5-30% of these patients were found to have
marked fibrosis or even cirthosis (1.3%)."*"* Further,
previous studies reported that the efficacy and safety of
pegylated interferon (PEG-IFN) ¢-2a and ribavirn
(RBV) combination treatrnent for NALT patients with
chronic hepatitis C were comparable or even higher
than was found for patients with elevated ALT levels.'®®

Most patients in previous studies were from western
countries and were aged in their 40s on average. The
influence of aging of the patient population has not
been adequately studied. In Japan, patients with chronic
hepatitis C currently under treatment with [EN are 10
to 15 years older than corresponding patients in the
United States and other western countries, where
patients treated with antiviral therapy tend to average
45 years of age.'” Moreover, a racial analysis reported
that being Asian (non-south) is a strong independent
predictor of sustained virological response to antiviral
therapy.?' However, there is no Asian data concerning
the response and safety of this combination therapy
from large scale trials of NALT patients with chronic
HCYV infection. The present prospective study was done
to analyze the efficacy and safety of a combination treat-
ment of PEG-IEN o-2b plus RBV for Japanese NALT
patients with HCV genotype 1.

METHODS

Patients

MULTICENTER STUDY of the efficacy and safety

of antiviral treatments for Japanese chronic liver
disease patients, the Kyushu University Liver Disease
Study (KULDS), was launched in 2003.2** Tor the
present study, combination PEG-IFN ¢-2b and RBV
treatment was done from December 2004 to Septem-
ber 2008, and chronic hepatitis C patients were
enrolled with exclusion criteria that included: (i) clini-
cal or biochemical evidence of hepatic decompensa-
tion, advanced cirthosis identified by bleeding-risky
esophageal varices, history of gastrointestinal bleeding,
ascites, encephalopathy, or hepatocellular carcinoma;
(ii) hemoglobin level <11.5g/dL, white blood cell

® 2011 The Japan Society of Hepatology
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count <3 x 10°/L, and platelet count <50 x 10%/1; (iii)
concomitant liver disease other than hepatitis C (hepa-
titis B surface antigen positive or HIV positive); (iv)
excessive active alcohol consumption >60 g/day ot
drug abuse; (v) severe psychiatric disease; or (vi) anti-
viral or corticosteroid treatment within 12 months
prior to enrollment. Patients who fulfilled the above
criteria were recruited at Kyushu University Hospital
and 40 affiliated hospitals in the northern Kyushu area
of Japan. We have treated 2270 Japanese patients aged
18 years or older with PEG-IFN «-2b plus RBV. Of
the 2270 patients, 989 were HCV genotype 2, and
the remaining 292 patients were currently undergoing
combination treatment or we were not yet able to
judge the effect of combination treatment. The 989
HCV genotype 1 patients were enrolled for analysis in
the present study. All who were positive for both anti-
body to HCV and HCV RNA for over 6 months were
enrolled in the KULDS study. Within 3 months before
the start of the treatment and every 3 months during
the treatment period, each patient was tested for
a-fetoprotein (AFP) and had abdominal ultrasono-
graphic examination. If an abnommal AFP level of
40 ng/ml. and/or an appearance of focal lesions on
ultrasonographic examination was found at any
testing, further testing for HCC was done, which
included dynamic computed tomography, angiogra-
phy, and/or tumor biopsy. In this study, NALT was
defined as ALT persistently below 30 IU/L in at least
three measurements within the past 6 months, and we
defined an ALT-flare up as an ALT level =230 IU/L at
the 24-week follow-up after the end of treatment. Of
the enrolled patients, 114 were assigned to a NALT
group (group A) and the remaining 875 to an elevated
ALT group (group B) (Table1). The number of the
women and platelet count were significantly higher in
group A than in group B. Furthermore, in group A,
body mass index, y-glutamyltranspeptidase and hemo-
globin were significantly lower than for group B
(P<0.001), and the total cholesterol level was signifi-
cantly lower in group B than group A (P <0.001).
Informed consent was obtained from all patients
before enrollment. The study was conducted in accor-
dance with the ethical guidelines of the Declaration of
Helsinki and the International Conference on Harmo-
nization of Guidelines for Good Clinical Practice.

Liver histology

Liver biopsy was done for 63 {55.3%) of the group A
and 518 (59.2%) of the group B patients: The other
patients refused biopsy. Fibrosis was staged on a 0-4
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Table 1 Characteristics of 989 chronic hepatitis C virus (HCV) infected patients treated with a combination of pegylated interferon
IFN) o-2b plus RBV ‘

Group A (ALT <30 1U/L) Group B (ALT = 30 TU/L) P-value
(n=114) (n=12875)
Men/Women 37/77 502/373 <0.001
Age (years) 57.4%119 58.0%10.1 0.607
Body mass index (kg/m?) 225+29 23.6+3.2 <0.001
Prior non-pegylated IEN monotherapy n (%) 26 (22.8) 235 (26.9) 0.350
Prior combined non-pegylated IEN 6 (5.3) 77 (8.8) 0.200
plus RBV treatment n (%)
Alanine aminotransferase (IU/L) 229+4.4 82.9+56.3 <0.001
v-glutamyltranspeptidase (IU/L) 31.6+24.8 64.3+57.1 <0.001
Albumin (g/dL) 42403 41404 0.015
White blood cell (x10°/L) 51+1.6 5014 0.629
Hemoglobin (g/dL) 134%1.3 13.9+14 <0.001
Platelet count (x107/L) 188 +5.5 157 +£5.2 <0.001
Creatinine (mg /dL) 0.7+0.2 0.8+09 0.284
Creatinine clearance (mL/min) 93.9+326 97.6+28.6 0.168
Total cholesterol {mg/dL) 182.6 +£31.7 167.6 £30.5 <0.001
Tryglyceride (mg/dL}) 102.6 £ 429 105.8+£52.7 0.638
HDL-C (mg/dL) 54.4+15.7 50.1+14.4 0.058
LDL-C (mg/dL) 1002+ 26.5 95.6 % 25.9 0.233
Fasting plasma glucose (mg/dL) 95.8+£15.2 99.8+21.9 0.075
HbAlcC (%) 52£0.5 54%08 0.100
HOMA-IR 24%1.8 2718 0.158
Serum HCV RNA level (loglll/mL) 6.5£0.6 6.5+0.6 0.332
Histological fibrosis 0.008
FO/F1/F2/F3/F4 10/31/14/5/3 31/166/165/97/59

Data are shown as the mean tstandard deviation Group A; ALT<30 IU/L, Group B; ALT = 30 1U/L.
ALT, alanine aminotransferase; HDL-C, high density lipoprotein-cholesterol; HOMA-IR, homeostasis model assessment-insulin
resistance (plasma fasting glucose (mg/dL) x IRI(ng/ml,) + 405); LDL-C, Low density lipoprotein-cholesterol; RBV, ribavirin.

scale as follows: FO=no fibrosis, F1 = portal fibrosis
without septa, F2=portal fibrosis and few septa,
F3 = numerous septa without cirthosis, F4 = cirthosis.
Liver fibrosis was more advanced in group B than group
A (P =0.008).

Treatment regimen

All patients were treated with a weight-based, 1.5 pg/kg
weekly dosage of subcutaneous PEG-IFN a-2b (Pegln-
tron, Schering-Plough, Osaka, Japan), in combination
with RBV (Rebetol, Schering-Plough), which was given
orally at a daily dose of 600-1000 mg based on body
weight (600 mg for patients weighing less than 60 kg,
800 mg for those weighing 60-80 kg, and 1000 mg for
those weighing 80 kg or more). The length of treatment
was 48 weeks, and the above duration and dosage are
those approved by the Japanese Ministry of Health,
Labor and Welfare. Patients were considered to have
RBV-induced anemia if the hemoglobin leve] decreased

to less than 10.0 g/dL. In such cases, a reduction in the
dosage of RBV was required. Some patients also had
PEG-IFN ¢-2b-induced psychological adverse effects or
a decrease of white blood cell and platelet count. In such
cases, a reduction in the dose of PEG-IFN o-2b was
required. Both PEG-IEN 0.-2b and RBV were discontin-
ued if the hemoglobin level, white blood cell count,
or platelet count fell below 8.5 g/dL, 1x10°1, and
25 % 10°/L, respectively. The treatment was discon-
tinued if severe general fatigue, hyperthyroidism, in-
terstitial pneumonia, or severe hemolytic problems
developed, continuation of treatment was judged not o
be possible by the attending physician, or the patient
desired discontinuation of treatment.

Determination of baseline HCV RNA level
and HCV genotype

The pretreatment, baseline, serum HCV RNA level was
measured by COBAS TagMan HCV assay (TagMan)
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