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Table 3. Comparison of Vitamin D Concentrations Between the Control and Vitamin D Groups After Four Week of Alfacalcidol at

Starting PEG-IFN/Ribavirin Combination Therapy 2

Variable Vitamin D group (post by Control group (pre by Pvalue® difference
25(OH) D3 27(7-36) 25 (11-40) 0371 2(+12)
1alpha, 25 (OH)2D3  67(30-136) 63 (23-97) 0.563 0(t44)

2 Continuous variables are represented as median (range). Differences are represented as mean (+ SD).

Pre, baseline; post, after 4weeks of alfacalcidol.

€ Mann-Whitney Test was performed to compare variables between two groups.

Serum vitamin D concentration was measured in the 30
study patients. Serum 25 (OH) D3 was 27 (13-40) ng/mL in
males, and 20 (11-37) ng/mL in female (P = 0.004). Thus,
the serum 25 (OH) D3 concentrations were significantly
lower in females.

The SVR rates in the vitamin D and control groups were
80.0% (12/15) versus 33.3% (5/15) (P = 0.012, bootstrap meth-
od), respectively (Figure 2). Five (33.3%) control group pa-
tients discontinued treatment and were included in the
* analysis (intention-to-treat analysis). The reasons for dis-
continuance were: depression in1, anorexia in 2, and poor
response to treatment (NVR) in 2. Two vitamin D group
patients who showed NVR to previous combination
treatment discontinued due to poor response to treat-
ment (NVR) regardless of the addition of alfacalcidol. No
adverse events due to the addition of alfacalcidol were
observed in the vitamin D group. Adverse events such
as anemia, neutropenia, skin rash and eruption, gastro-
intestinal disorders including nausea and anorexia, and
psychiatric disorders including insomnia were similar
and mild between the two groups. Next, 13 patients in
the vitamin D group and 10 patients in the control group
completed the therapy as scheduled and were subjected
to analysis (per protocol). The SVR rate was numerically
higher (92.3%,12{13) in the vitamin D group than the con-
trol group (50.0%, 5/10) (P = 0.055).

Figure 2. Comparison of the Rate of SVR Between Control Group and
Vitamin D Group
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The results were analyzed by the Fisher’s exact test, adopting the boot-
strap method (10,000 times).
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In the male patients, the rate of SVR in the vitamin D
group was numerically higher than the control group,
but the difference was not statistically significant (P =
0.415, bootstrap method) (Figure 2). Interestingly, in the
fernales, the SVR rate was significantly higher in the vita-
min D group (87.5%, 7/8) than the control group (25.0%,
2/8) (P=0.020, bootstrap method) (Figure 2).

In the control group, relapse was shown after obtaining
ETR in 8 patients, including 5 women (62.5%). The median
serum 25 (OH) D3 concentration in these patients with
relapse was 18 (11-29) ng/mL, lower than the median con-
centration for all patients. In the vitamin D group treated
with alfacalcidol supplementation, a significant decrease
was shown in the relapse rate after ETR had been obtained
(7.7% vs. 61.5%, P= 0.004, bootstrap method) (Figure 3). Es-
pecially, in females, the relapse in the control group was
shown in 71.4% (5/7), whereas in the vitamin D group the
relapse rate was decreased in 12.5% (1/8) (P = 0.030, boot-
strap method) (Figure 3).

Figure 3. Comparison of the Rate of Relapse Between Control Group and
Vitamin D Group
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The results were analyzed by the Fisher's exact test, adopting the boot-
strap method (10,000 times).

In the vitamin D group, serum lalpha, 25 (OH) 2D3 con-
centration numerically increased after administration
of alfacalcidol for 4weeks, although the increase was
not statistically significant (63.0 pg/mlL and 67.0 pg/ml,
respectively; P > 0.999). The lead-in duration of 4 weeks
may be too short to observe the elevation of serum 1alpha,
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25 (OH) 2D3 concentration (Table 2). Moreover, serum 25
(OH) D3 concentration did not apparently increase (22.0
ngjmL and 27.0 ng/mlL, respectively; P = 0.352). One pos-
sible explanation for this finding is that alfacalcidol is
directly metabolized into its active form 1alpha, 25 (OH)
2D3 in the liver (Table 2).

The rates of total adherence to PEG-IFN were not sig-
nificantly different between the vitamin D (mean 95.4%,
range 70%-100%) and control groups (95.8%, 60%-100%) (P
= 0.427). The median dose of total adherence to ribavirin
was 8.95 mgjkg/day (range, 3.95-13.04 mg/kg/day) in the
vitamin D group, and 9.05 mg/kg/day (3.92-12.31 mg/kg/
day) in the control group (P> 0.999).

5, Discussion

The present study is the first to analyze the effects of
PEG-IFN/ ribavirin therapy combined with alfacalcidol as
vitamin D source on elderly patients with chronic hepa-
titis C infection of high-viral-load genotype 1b. Although
there have been some reports on the outcome of combi-
nation therapy with vitamin D (18, 24), our report focuses
on the treatment response of elderly subjects, who were
65-78 years of age (median, 70 years). Moreover, in other
studies patients were given vitamin D3 as vitamin D sup-
plementation, in this study patients were given alfacal-
cidol [1alpha (OH)D3] as vitamin D source. Alfacalcidol is
metabolized rapidly to 1,25(0OH) 2D3 in the liver. 1, 25 (OH)
2D3 is known to be the active form of vitamin D3 and me-
diates biological activities.

Elderly patients are likely to have low serum vitamin D
levels caused by aging and long disease duration. In fact,
serum vitamin D levels have been reported to decrease
with age and the progression of liver fibrosis (19). Holick
et al. defined = 30 ng/mL of serum 25 (OH) D3 as suffi-
ciency, 21-29 ng/mL as insufficiency, and < 20 ng/mL as
deficiency (25). In the present study, the serum 25 (OH)
D3 Jevel was deficient or insufficient in 86.7% of the study
elderly patients with chronic hepatitis C according to
this definition, and sufficient in only a small percentage
(13.3%).

Several recent reports have documented the direct anti-
HCV effects of vitamin D. In an in vitro study using Huh7.5
cells, the addition of vitamin D and its metabolite 1q, 25
(OH) 2D3 reduced secretion of HCV from hepatocytes into
the cell medium; this effect was synergistically enhanced
by IFN adrninistration (26). In another in vitro study us-
ing HCV-JFHI, 25 (OH) D3 decreased the amount of HCV
core protein by suppressing the formation of HCV par-
ticles (27).

The results of this study suggest that the addition of al-
facalcidol could potentially suppress relapse in patients
with low serum vitamin D concentration, particularly
elderly females. Since treatment-induced anemia occurs
more frequently and more severely in the elderly than
younger people (28), the total dose of ribavirin may be
reduced in elderly subjects. As mentioned earlier, the re-

duction of total dose of ribavirin is an important factor
contributing to viral relapse after the completion of PEG-
IFN[ribavirin therapy (29). The results suggest that the
addition of alfacalcidol as vitamin D source may poten-
tially improve the therapeutic outcome of such elderly
patients who showed relapse after previous combination
treatment due to reduced drug adberence.

This study also showed that alfacalcidol combination
therapy had some limitations. In elderly patients with
the difficult-to-treat IL28B SNP minor genotype or who
showed NVR to previous combination treatment, even
the addition of vitamin D had little effect on the improve-
ment of the SVR rate. Two patients with pretreatment
non-response by IFN therapy in the vitamin D group also
showed non-virological response. Moreover, SVR rate
among patients with IL28B minor genotype in the vita-
min D group was 33.3% (1 of 3). Alternatively, long-term
IFN therapy with low doses is recommended to prevent
the development of hepatocellular carcinoma (30-32).

As for gender difference, the average serum 25 (OH)
D3 concentration of female elderly patients was signifi-
cantly lower than male elderly patients (median; 20 ng/
mlL versus 27 ng/ml) in this study. It has been reported
that females of age 55 years and over have lower serum
25 (OH) D3 concentration than females younger than 55
years, and males do not differ in serum 25 (OH) D3 con-
centration between the two age groups (19). The addition
of vitamin D may be beneficial to female elderly patients
with low serum vitamin D concentration, because Japa-
nese elderly patients have poor response to the conven-
tional combination therapy (33, 34). By extension, the ad-
dition of vitamin D for patients with low serum vitamin D
concentration is expected to further improving the out-
come of PEG-IFN/ ribavirin therapy in combination with
protease inhibitors such as telaprevir.

The present study had some limitations; these included
a small number of subjects and lack of a randomized
controlled design. Although sample size was too small,
patients were matched for gender, age and IL28B geno-
type for the control group. As a result, strong predictors
for PEG-IFN/ribavirin combination therapy such as 1L28B
genotype (21-23) and core amino acid 70 substitutions
(35) were similar in the two groups. Moreover, analysis
was performed, adopting the bootstrap method. Next,
the serum vitamin D concentration was measured at the
start of therapy in various seasons. It has been reported
that the serum vitamin D concentration is higher in sum-
mer and autumn than winter and spring.

In this study, alfacalcidol was orally administered at
1 pgf/day as a vitamin D supplement. Since it is directly
metabolized into its active form lalpha, 25 (OH) 2D3 in
the liver, 25(OH) D3 levels do not increase theoretically
(36), as also described in this study. Therefore, the level
of 1alpha, 25 (OH) 2D3 in the liver may be an important
factor in the achievement of SVR, although the serum
concentration was not significant in this study. In fact, it
has been pointed out that 1alpha, 25 (OH) 2D3 is impor-
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tant for the suppression of HCV (26). However, we did not
confirm whether this dose was sufficient for the combi-
nation therapy. In this stratified analysis, serum 25 (OH)
D3 concentration might be a useful indicator to predict
the SVR and relapse rates. The reason may be that the half-
life of serum 25 (OH) D3 is longer, hence more stable than
lalpha, 25 (OH) 2D3, and consequently maintains a high
concentration in serum. Accordingly, further investiga-
tion is required to examine whether vitamin D or its me-
tabolites exert efficacy in vivo, because there is no clini-
cal study comparing the efficacy among vitamin D forms
and its metabolites.

In conclusion, the present study demonstrated that
PEG-IFN/ ribavirin therapy combined with alfacalcidol
may be effective and safe in elderly patients with chronic
hepatitis C of high-viral-load HCV genotype 1b. In par-
ticular, female elderly patients with low serum vitamin
D concentration, who are less likely to respond virologi-
cally to PEG-IFN/ ribavirin, may benefit from the combi-
nation of PEG-IFN/ ribavirin and alfacalcidol through its
effect in reducing the relapse rate and consequently im-
proving the SVR rate.
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Direct-acting antivirals (DAAs) in combination with pegylated IFN-o and Akihito Tsubota*", Tomomi Furihataz,
ribavirin drastically improve the rates of rapid virological response (RVR) ¢
and sustained virological response (SVR) in the treatment of chronic
hepatitis C virus infection, specifically in difficult-to-cure hepatitis C virus
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According to the WHO, approximately 170 milli
wn:h hepatms C virus (HCV) worldw1de and are

hepatocellular carcinoma. More than 350,000 p :,ple dle from HCV-related liver
diseases every year. Antiviral therap onic hepatitis C can lead to a sustained
virological response (SVR), defined as an undetectablc serum HCV RNA level
(using a qualitative polymerase cham reaction assay) 24 weeks after treatment ces-
sation, which provides short- and long,, -term clinical benefits by improving quality
of life, lessening hepatic f ﬁbrosn nd reducing the incidence of hepatocellular carci-
noma and liver disea , éhty [1-8]. Over the past decade, pegylated IFN-a
(peg-IFNa)-2a or -2b i ombination with weight-based doses of ribavirin (RBV)
has been used as the standard-of-care treatment for chronic hepatitis C, leading to
improvement in the overall SVR rate from <20% to >60%: 40—60% of difficult-
to-cure HCV genotype 1/4-infected patients who are treated with 48-week treat-
ment, and 70-90% of easy-to-cure HCV genotype 2/3-infected patients who are
treated with 24-week treatment [9-15). However, more than 50% of patients infected
with HCV genotype 1, the most prevalent genotype worldwide, fail to eradicate
HCV with dual combination of peg-IENa and RBV (peg-IFNa/RBV). Efforts
to improve the treatment outcomes have focused on the development of antiviral
therapy specifically and directly targeted to HCV, especially HCV genotype 1.
Numerous novel therapeutic approaches are being developed and assessed [16-18].
Direct-acting antivirals (DAAs) directly inhibit specific replication processes in the
HCV life cycle, targeting the HCV polyproteins including the nonstructural 3/4A ,
(NS3/4A) protease, NS5A phosphoprotein, and NS5B polymerase. The NS3/4A F U T U R E )
serine protease is required for RNA replication and virion assembly. The first-gener- e
ation NS3/4A serine protease inhibitors (PIs), boceprevir (BOC) and/or telaprevir S C l E N C E

10.4155/CL1.13.98 © 2013 Future Science Ltd ISSN 2041-6792 1
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(TVR), have been approved for use by each government
organization in several European and North American
countries and in Japan in 2011. When used in com-
bination with peg-IFNa/RBV for HCV genotype 1
infection, Phase II and III clinical trials have proven
that both Pls greatly improve viral response rates in
both treatment-naive patients and patients who have
had virological failure on previous treatment [19-29].
Furthermore, in Japan, where TVR, but not BOC, is
available by medical insurance and subvention, a post-
marketing investigation of 10,000 subjects showed that
TVR-based combination therapy for 24 weeks yielded
an SVR rate of approximately 90% in treatment-naive
patients and patients who had virological relapse after
previous peg-IFNa/RBV treatment [30). High rates of
early viral suppression and low rates of relapse suggested
that treatment duration could potentially be shortened
to 24 weeks in patients who achieve a rapid virological
response (RVR, defined as an undetectable serum HCV
RNA level at week 4 of treatment) or extended RVR

(eRVR, defined as an undetectable serum HCV RNA

level at both weeks 4 and 12 of treatment) 19-22,24]. RV,
has been used as the most important on-treatment mile-
stone to shorten treatment duration from the era of du
combination therapy with peg-IFNot/RBV [14,15,31-36).

The treatment strategy for chronic HCV infection is
personalized on the basis of strong predictors of SVR to
IFN-based therapy, such as HCV genotype [9- ll.l‘i . 38]
the initial virological response to tf :
and previous treatment response (treat
previous relapse or no virologici :
This manuscript addresses the impact of newly available
DAAs on RVR and SVR in the combination therapy for
chronic HCV infection and discusses the potential of
response-guided therapy (RGT) based on RVR in DAA-
based combination therapy.to explore more optimal and
hxghly pcrsonalm,cl therapeutic strategies.

Contnbut;on of factors to SVR
Identification of factors highly predictive of SVR, includ-
ing host-, virus-, and treatment-related and on-treatment
components, can tailor treatment to individual needs,
helping to make decisions regarding which treatment
regimens are suitable or whether treatment should be
initiated, continued or stopped. Personalized medicine
determined by using robust factors can reduce unneces-
sary physical/economic burdens and social loss on the
patient without adversely affecting treatment outcomes.
A number of host-related factors, such as older
age, African—American or Hispanic race, presence of
advanced fibrosis or cirthosis, overweight, obesity, insu-
lin resistance, diabetes, hepatic steatosis, and low levels
of hemoglobin, platelet count, and cholesterol, have been
reported to decrease the likelihood of SVR to IFN-based

‘order of susceptibility to IFN-based therapy as follows:
' genotypes 2, 3, 4, and 1 [15). Moreover, genotypes 1b and

Tsubota, Furihata, Matsumoto & Chiba

therapy [9,11.43-531. Among these factors, single nucleotide
polymorphisms (SNPs) near the IL 28B {/L28B) gene,
which resides on chromosome 19 and encodes /L28B
or IFN-lambda-3, have a stronger impact on treatment
response to peg-IFNa./RBV combination alone and
TVR-based triple combination therapy in HCV geno-
type l-infected patients [42,53-57]. Patients with favorable
genotypes at the /Z.28B SNPs (such as 1512979860 geno-
type CC and rs8099917 genotype TT) are more likely
to achieve SVR than those with unfavorable genotypes
(rs12979860 CT or TT and 58099917 TG or GG).
HCYV genotype (two and three rather than one and
four), pretreatment viril load (low rather than high),
and initial virological t¢sponse are significantly strong
independent predictors of SYR to IFN-based therapy
i1: Thus; easy-to-cure genotype-

able factors have a greater

2aare likely to respond better to IFN-based therapy than
la and 2b, respectively [33.65]. Of note, TVR-resistant
variants and viral breakthrough occur more frequently
in la than in 1b in TVR-based treatment [19.66.67]. For
instance, the substitution of R with K at amino acid posi-
tion 155 of the NS3 protease region (R155K)-or V36M,
which is frequently related to TVR resistance, requires
only one nucleotide substitution in 1a, whereas two sub-
stitutions are required in 1b. Similarly, the emergence
of the BOC-resistant mutant differs between 1a and 1b
(68]. When anti-HCV treatment is initiated or treatment
outcomes are interpreted,the HCV sub-genotype as well
as the HCV genotype should be taken into consideration.

A virological response at critical time points or HCV
kinetics during the early phase of treatment are closely
associated with SVR or non-SVR [32.33.39.41]. Absence
of an early virological response at week 12 of treatment
is the best negative predictor of non-SVR. Conversely,
RVR is an important milestone highly predictive of
SVR and one of the strongest independent on-treatment
predictors [15,32-34,42,53,57.62,69,70]. Patients with RVR can
have an SVR rate as high as 80-90% when treated for
48 weeks, although RVR is achieved in a small per-
centage of HCV genotype 1-infected patients (<20%)
who receive peg-IFNa/RBV alone [15,31-34,53,69.71-73].
The addition of TVR greatly improves the RVR rate
to 66—84% in treatment-naive patients, and patients
with RVR show an SVR rate of approximately 290%
[19.20,22,24,28]. In contrast, the probability of SVR is
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<5% in patients with a minimal fall in a viral load of
<1 log,, from the baseline level at treatment week 4,
when peg-IFNa/RBV are combined with DAAs [19].
With advances in antiviral treatment, RVR has become
a more important milestone for tailoring treatment
regimens and predicting SVR.

Although early viral kinetics are influenced by vari-
ous factors, RVR is an independent predictor of SVR,
irrespective of other strong predictors including HCV
genotype and the JL28B SNP [15.42,53,57]. The propor-
tion of patients achieving RVR with peg-IFNa/RBV
alone varies greatly among HCV genotypes (16% in
1, 71% in 2, 60% in 3 and 38% in 4) 15]. Impor-
tantly, the probability of SVR is consistently high
across HCV genotypes (88% in -1, 86% in 2, 86%
in 3 and 100% in 4). With regard to race and host
genetic variations, Caucasians and/or patients with the
favorable IL28B genotype are more likely to achieve
RVR with peg-IFNo./RBV alone than African—Ameri-
can and/or those with an unfavorable genotype [74].
The RVR rates appear to differ among Caucasians,
East Asians, and African Americans with the same
favorable JL28B genotype CC (28%, 19% and 12%,
respectively) (53.74]. Although the racial and genetic
disparities are apparent, patients with RVR appear to
have consistently high SVR rates, irrespective of the
IL28B genotype and race. Taken together, these find-
ings highlight the accepted notion that RVR is strongly.
linked to a high likelihood of SVR and the most reli-

able milestone in RGT across HCV genotypes, ]L28B y

SNP genotypes, and races.

Among patients who have failed
to achieve SVR with previous IEN--
based therapy, previous virological
response has an impact on SVR witl
retreatment. Patients who- dxd not

00y

80 1 RVR SVR
have a virological re
ous treatment hav ted
of successful outcome with retieat- 60 ~
2

ment {6,33,3475-77). The addition of
DAA to peg-IFNa/ RBV apparently 40 -
increases the SVR rates in patients
who had a previous virological
relapse, which is defined as an unde-

tectable HCV RNA level at the end

20

with a partial response to previous treatment, which is
defined as a decline of 22 logl0 IU/mL in viral load at
12 weeks of treatment but with constantly detectable
HCV RNA during treatment [78]. Patients with a null
response to previous treatment experience little benefit
from TVR-based triple combination therapy (21.23); a
null response is defined as a decline of <2 log10 IU/ml
in viral load at 12 weeks of treatment [78).

Clinical trials for treatment-naive patient

The PROVE 1 trial was a randomized, double-blind, pla-
cebo-controlled Phase ITb trial 19]. Treatment-naive HCV
genotype l-infected patients were raudbmly assigned to

1y 1 and 750 mg every 8 h
cll as peg-IFNa-2a/RBV
R4S group) for the same
group, exploratory 17 patients) or
for 24 weeks (112PR24 group, 79 patients) or 48 weeks
(TIZPR) 8¢ oup, 79 patients). The RVR rates (Figure 1}
were much hlgher in the T12PR24 (81%) and T12PR48
(81%) groups than in the PR48 (control) group (11%).
“I'he SVR rates {Figure 1) were 61% in the T12PR24 group

received TVR (1250 mgV
thereafter) for 12

“and 67% in the T12PR48 group compared with 41% in

the PR48 group. In another Phase ITb trial (PROVE 2) of
323 treatment-naive HCV genotype I-infected patients

PROVE 1 PROVE 2
Nalve Naive
100 4
80 -
60 -
&
40 A
20 A

of treatment, but re-emergent HCV
RNA thereafter (designated as pre-
vious relapsers) [21,23,27]. Phase III

PR48
(n=75)

T12PR24 T12PR24
(n=79) (h=79)

PR48
(n=82)

{n=81)

T12PR24 T12PR12 T12P12
(n=82)

(n=78)

studies conducted in Japan showed
that the SVR rate for previous
relapsers was 88-93% [29.42). Pre-
vious relapsers are one of the most

suitable candidates for DAA-based

PROVE 2).

RVR: Rapid virological response; SVR: Sustained virological response.
Data taken from [19,20).

Figure 1. Rapid virological response and sustained virological response rates for treatment-
naive HCV genotype 1 patients in randomized controlled Phase II trials (PROVE 1 and

treatment, followed by patients
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[20], the RVR rates (Figure 1) were 69% in the T12PR24
group 80% in the T12PR12 group, and 50% in the
T12P12 group (that did not receive RBV) compared
with 13% in the PR48 (control) group (P < 0.001 for
each). The SVR rate (Figure 1) was significantly higher
in the T12PR24 group (69%) than in the PR48 group
(46%). The SVR rate was not significantly higher in the
T12PR12 or T12P12 group than in the PR48 group,
although the rates were significantly different between
the T12PR12 and T12P12 groups (60 versus 36%), sug-
gesting that RBV is required as an essential component in
TVR-based combination therapy. Taken together, the two

Phase IIb trials indicated that the addition of TVR greatly

increases the RVR rate, resulting in a shortened duration
of treatment from 48 to 24 weeks in most treatment-naive
patients. The 24-week treatment duration is sufficient in
patients who achieve RVR. Overall, the 12-week duration
lowers the SVR rate, but may be sufficient for a certain
subpopulation of patients with favorable robust factors.
From Japan, a Phase III study for treatment-naive patients
infected exclusively with HCV genotype 1b showed that

RVR was 84% and SVR was 73% with the 24~vs{c¢l¢ ]

treatment regimen [28]. When treatment outcomes are
compared between trials conducted in the west and ¢ast,

the distribution of HCV genotype (1a versus lb) IL28B

ADVANCE . . -

Tsubota, Furihata, Matsumoto & Chiba

SNP genotype, and race should be taken into consid-
eration. To clarify the variations, multi-national/-racial
trials are required on a worldwide scale.

RGT

The degree of viral load decay and rapidity of virological
response during the first 12 weeks of peg-IFNa/RBV
treatment can predict the likelihood of achieving SVR
(11,15,31,32,36,38-41,58.72]. The time points usually used to
decide whether treatment should be shortened, stopped
or continued/extended are treatment weeks 4, 12 and
24 14,32). A dynamic modification of treatment duration
based on the virological response is known as RGT. As
described above, RVR ritical milestone for RGT
with SVR rate main nan When RVR is achieved,
the treatment dur’nti“on" of 48 weeks can be shortened
to 24 weeks Wlt]l"j g-IFNo/RBV dual therapy alone
[12,33,34] for genoty 4 or TVR-based triple com-
bination (19 enotype 1. In patients who achieved
RVR with 4-week peg-TFNo/RBV alone, the SVR
rates were 79-89% for genotype 1 and 86-87% for

; L,LnO‘:\';ac 4 [33,34,63,73,7579).

- The cusrent recommendation for genotype 2 or 3
advocases a 24-week treatment course [12,31,45,59,61,80].
Patients with RVR have a high probability of SVR

ILLUMINATE
Naive. = i
100 - 100 - Naive
‘ 88 .
RVR SVR SVR
80 - eRVR 80 -
68
60 - 60
S R
40 7] 40
20 20 -
0 — - = : 0
T12PR T12PR Ti12PR T12PR24 T12PR24 T12PR48 T12PR48
overall RVR non-RVR eRVR eRVR eRVR Non- eRVR
(n = 363) (n=246) (n=117) (n=212) (n=162) (n=160) (n=118)

Figure 2. Rapid virological response, extended rapid virological response and sustained virological response
rates for treatment-naive HCV genotype 1 patients in randomized controlled Phase III trials for response-guid-

ed therapy (ADVANCE and ILLUMINATE).

eRVR: Extended RVR; RVR: Rapid virological response; SVR: Sustained virological response.

Data taken from [22.24].

www.future-science.com

fsg

future science group



Sustained & rapid virological responses in hepatitis C clinical trials  Clinical Trial Perspective

despite the shortened treatment duration from 24 to
between 12 and 16 weeks {45,61,62,80-82], but the risk of
relapse increases with abbreviated treatment, resulting
in the reduction of the SVR rates (62,80,83). Conversely,
there is little information on the most suitable dura-
tion of treatment for genotype 2 or 3-infected patients
who do not achieve RVR [65]. To shorten the treatment
duration, whether RVR is appropriate for the deci-
sion needs to be verified, because the susceptibility to
IFN-based therapy apparently differs between geno-
types, subgenotypes, or baseline viral loads within an
identical genotype. Genotype 2 or 3-infected patients
may benefit from the ongoing development of DA As,
although there are limited data for the use of DAAs
in such patients [84,85].

In a randomized, double-blind, placebo-controlled
Phase III trial (ADVANCE) [22], 1088 treatment-naive
HCYV genotype l-infected patients were randomly
assigned to one of the three groups:

& T'VR combined with peg-IFNo.-2a/RBV for 12 weeks
(T12PR group), followed by peg-IFNo-2a/RBV
alone for 12 weeks if eRVR was achieved or for
36 weeks if HCV RNA was detectable at either time

point;

& 8-week TVR and 4-week placebo with peg-IFNo-2a/

RBV (T8PR group), followed by 12 or 36 weeks of
peg-IFNa.-2a/RBV on the basis of the same criteria;. .

or 12-week placebo with 48-week pcg—IFN(x—2a/RBV
(PR group).

The SVR rates were 51gn1f1cantly huc,her in the
T12PR (75%; Figure 2) or TSPR. (69%) " group than
- in the PR group (44%). The RVR'and eRVR rates in
the T12PR group were 68 and 58%, rcspccuvcly (Fig-
ure 2). The SVR rates were 84.and 56% in the T12PR
with and without RVR, respectively. (Figure 2). The SVR
rate of 89% in the T12PR24 with ¢RVR was the high-
est among all subgroups (Figure 2). Taken together, the
24-week treatment duration is sufficient for treatment-
naive patients who achu.ved eRVR. A longer duration
of peg-IFNa./RBV therapy is indicated for patients who
do not achieve eRVR.

In an open-label, randomized, Phase III noninferiority
trial ILLUMINATE) (24}, treatment-naive HCV geno-
type l-infected patients who had eRVR were randomly
assigned to the T12PR24 or T12PR48 group. Of 540
patients, 72% had RVR and 65% had eRVR; the overall
SVR rate was 72%. Among the 322 patients with eRVR,
92% in the T12PR24 group and 88% in the T12PR48
group achieved SVR (Figure 2). A total of 118 patients
without eRVR were assigned to the T12PR48 group and
64% achieved SVR {Figure 2. This study also showed
that the 24-week treatment duration is sufficient for

patients who achieve eRVR, even if they have refractory
factors such as high viral loads, bridging fibrosis or Afri-
can race. Collectively, triple combination therapy yielded
an RVR rate of 68-81% and an eRVR rate of 58—-65%
in treatment-naive HCV genotype l-infected patients
(Figures 1 & 2), and the 24-week treatment course for
patients with eRVR generated an SVR rate of 89-92%
{Figure 2). RGT based on eRVR permits a shorter treat-
ment duration while preserving high SVR rates, improves
the overall tolerability, and reduces exposure to unneces-
sary medication. However, there were a small number of
cirrhotic patients in the clinical trials. Cirrhotic patients
may not comply with RGT and should receive treatment
for 48 weeks [78]. Treatment should opped if HCV
RNA levels are >1000 IU/m! at week 4'or 12 of treatment
and/or detectable at week 24 of treatment, -

Clinical trials for treatmenbé}gpegiéhced patients
In a Phase II study for ‘pr'é/v‘i'dusly'freatcd HCV geno-
type l-infected paticnts (PROVE 3) (211, 453 patients who
had failed to achicve SVR with previous peg-IFNo-2a/
RBV thcr'\py were nndomly assigned to one of four treat-
he SVR rates in the three TVR groups
['12PR24 group, 53% in the T24PR48
group and 24% in the T24P24 group) were significantly
higher than the rate in the PR48 (control) group (14%;

Figure 3). The RVR rates were 61, 50 and 47% in the

_groups, respectively, and 0% in the control group

‘f*T(‘n?iguré 3). The SVR and RVR rates were higher in previ-
. ous relapsers than in previous nonresponders. The SVR
" rates were similar between the T12PR24 and T24PR48

groups (Figure 3), and treatment discontinuation because
of adverse events was less common in the T12PR24 group
than in the T24PR48 group. Therefore, the T12PR24
regimen appeared to provide a better risk—benefit profile.
The higher termination rates and the lower relapse rates
in the T24PR48 group suggest that an optimal retreat-
ment regimen may consist of a 12-week treatment dura-
tion with TVR combined with a longer duration with
peg-IFNa-2a/RBV. Of note, the SVR rates in previous
relapsers were 69% in the TI2PR24 group and 76% in the
T24PR48 group. Furthermore, in Phase I1I studies from
Japan, the SVR rates in relapsers were 88-93% with the
T12PR24 regimen [29.42). Relapsers appear to be the most
suitable for the 24-week treatment regimen. In contrast,
previous non-responders were less likely to achieve SVR,
with the rates of 39% in the T12PR24 group and 38%
in the T24PR48 group. However, these SVR rates were
more than four times the rate in the control group (9%).

In a Phase III study for previously treated HCV
genotype l-infected patients (REALIZE) (23], 663
partients were randomly assigned to one of the three
groups: the T12PR48 group, the lead-in T12PR48
group, which received 4 weeks of peg-IFNa/RBV

S
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PROVE 3

100- Retreatment 100-

801 RVR SVR 804

60+

%

40

20+

REALIZE
Retreatment (T12PR48)

90

RVRSVR

PR48 T12PR24 T24PR48 T24P24
(n=114) (n=115) (n=118) (n=111)

Relapse Partial Nun “RVRin RVRIin RVR in
(n=145) (n = 49),(,‘_ 2) relapse partial  null
o (n=101) (n=32) (n=19)

Figure 3. Rapid virological response and sustained virolo

gical respd"r:iyse ‘réi:es for treatment-experienced HCV

genotype 1 patients in randomized controlled Phase II and 111 trials (PRO\IEB and REALIZE).
RVR: Rapid virological response; SVR: Sustained vxrologlcal response B

Data taken from [21,23).

followed by 12 weeks of TVR and peg-IFNa/RBYV
for a total of 48 weeks, and the PR48 (control) group:
The SVR rates were significantly higher in/the two
TVR groups than in the control group among patients
with relapse (83% in the T12PR48 group, 88%in the
lead-in T12PR48 group and 24% in the PR48 group),
partial response (59, 54 and 15%, xu,pecuvdy) and
null response (29, 33 and 5%, 'wepecuvuly) Figure 3
shows the RVR and SVR rates in the T12PR4S group
alone. Among patients with RVR in the T12PR48
group, the SVR rates were 90% in relapsers, 72% in
partial responders and 53% in null responders. When
no virological fesponst to previous treatment was cat-
egorized into partial and null responses, viral response
rates with the T12PR48 regimen were apparently dif-
ferent between the partial and null responders. Of
note, event among patients with RVR, the SVR rates
were influenced by the previous treatment response
{Figure 3). These results suggest that there may be inde-
pendent factors (other than RVR) associated with the
final treatment outcome. To more accurately predict or
completely attain SVR, other variables (such as previ-
ous treatment response, cirrhosis and the /Z28B SNP)
may be better used for RGT in combination with RVR.
Unfortunately, the REALIZE study was not a random-
ized-controlled trial to compare the treatment duration
of 24 weeks versus 48 weeks for patients with RVR.
Therefore, RGT for treatment-experienced patients
can be considered for relapsers, may be considered for
partial responders, but cannot be recommended for

null responders [78].

f"‘/*Iympact of the IL28B SNP

The favorable ZZ28B SNP genotype (1512979860 CC)
significantly increases viral response rates during the
first 12 weeks of treatment, as well as the SVR rate, in
peg-IFNa/RBV combination alone for HCV genotype
l-infected patients {74]. Among patients with RVR, how-
ever, IL28B genotype is not associated with SVR [74,86].
In treatment-naive HCV genotype l-infected Cauca-
sian patients (a part of the ADVANCE trial, available
for 454/1,088 [42%] participants), the addition of TVR
greatly increased RVR, eRVR, and SVR rates across all
IL28B genotypes (Figure 4) [22]. Although patients with
favorable ZL28B CC still had higher SVR rates in each
treatment arm {Figure 4}, the largcst increasing rates were
observed in those with unfavorable CT or TT, suggesting
that this closeness in the SVR rate between IZ28B geno-
types lowers the significance of /L28B SNP as a predictor.
In another study using a part of the REALIZE cohort,
the RVR rates were numerically higher in genotype CC
than in CT/TT (84]. Previous relapsers achieved RVR rates
of 77-82% regardless of the IL28B genotype. Previous
partial responders and null responders somewhat differed
according to the /L28B genotype (88% [CC], 66% [CT]
and 64% [TT] in partial responders; and 50, 33, and
34%, respectively, in null responders). However, SVR
rates were similar across all /288 genotypes (85, 85 and
88% in relapsers; 63, 58, and 71% in partial responders;
and 40, 29, and 31% in null responders, respectively) [87).
In the REALIZE study, only data of 48-week treatment
regimens were available and did not include 24-week
regimens. Several studies from Japan reported different
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resules; both RVR and IL28B were

ADVANCE
independent factors significantly 100~ Naive
associated with SVR in the 24-week 7
regimen for treatment-naive and v R SVR 84
-experienced patients [42.57]. Another 80 eRVR
independent cohort in Japan showed
similar results (30]. In Japan, the SVR 60- %g
rates were 90-97% in patients with ;%i
the favorable Z28B SNP (:s8099917) 2
genotype TT versus 56% in those 40
with unfavorable genotype TG/GG
and 89-92% in those with RVR ver- 2 0
sus 35-55% in those without RVR.
The 7L28B SNP and RVR were
prominently significant in treatment- 0 oo oT g o CT e G
naive patients, neither was significant IL28B (n=55) (n=80) (n=26) (n= 45) (n= © (n=50) (n=68) (n=22)

in previous relapsers, and IL28B
alone was significant in previous
partial responders. Taken together,
the addition of TVR appears to alter
or attenuate the impact of IL28B
SNPs on SVR. In treatment-naive

PR48

T8|

T12PR

Figure 4. Rapid virological response, exte

logical response and sustained

virological response rates accordmg to. the«ILZBB SNP genotype (rs12979860) in the

ADVANCE study.

eRVR: Extended RVR; RVR: Rapld" lrologlcal response; SVR: Sustained virological response.

Data taken from [22.92].

patients and previous relapsers, how-

ever, the JL28B SNP genotype can
certainly identify those with a high likelihood of SVR
through a shortened treatment duration. The CONCISE
interim analysis suggested that non-cirthotic /L288 CC
patients with RVR could shorten the treatment duration:
to 12 weeks [38]. In treatment-experienced patients, the

impact of the /L28B SNP genotype is limited and less

RVR) is known. More potent DAA regimens will fi urther
attenuate the importance of the Z.283 SNP genotype as
a determinant of the likelihood of a xcsgqusc '

Changing concept of RVR & SVR

The remarkable development 6F DA As may change the
concept of RVR and SVR. M re recent Phase II and
M1 studies showed thats fosbuvir, an NS5B polymerase
inhibitor, in combination with peg-IFNa-2a/RBV for
only 12 weeks gcnerztcd RVR rates of 94-99% and
an SVR rate of approximately 90% in treatment-naive
patients mainly infected with HCV genotype 1 [85.89].
More potent DAAs will increase the RVR rate up to
almost 100%. RVR could no longer be an important
milestone predictive of SVR or RGT. US EDA has
recently approved SVR at 12 weeks after cessation of
treatment (SVR12) as an end point of treatment out-
come [90). The previously approved SVR was designated
as SVR24. However, a small minority of patients who
achieve SVR12 appear to have virological relapse there-
after and fail to achieve SVR24. For the time being, the
conventional concept will be used until a new conceptis
acceptable for the next-generation of treatment.

Future perspective
SVR indicates a permanent eradication of HCV from
individuals because HCV seldom reappears in patients

~who achieve SVR. In peg-IFNa./RBV combination
_ilone and DA A-based combination therapy for chronic
HCV infection, SVR is closely associated with several
informative for SVR once eatly viral response (such as

robust pretreatment and on-treatment predictors, that
is HCV genotype, pre-existence of cirrhosis, treatment-
naive or virological response to previous treatment,
IL28B SNP genotype, and early viral kinetics includ-
ing RVR or non-RVR. Until date, RVR has been a
critical on-treatment milestone of RGT. However, more
potent DAAs in combination with peg-IFNo./RBV or
DAA combinations without IFN may attenuate the
importance of RVR because more potent anti-HCV
therapy greatly increases the RVR rate up to almost
100%. Currently, there is no perfect variable or model
for prediction of SVR with individual treatment tailor-
ing. To develop more optimal and highly personalized
treatment strategies, RVR should be used in combina-
tion with other robust predictors or currently unidenti-
fied factors. Alternatively, a viral response during the
extremely early phase (e.g., day 2, week 1 or week 2)
of treatment may be required to develop much shorter
treatment durations (<12 weeks) with the advent of
more potent DAAs. It will be important to reconsider
the value of the currently identified robust predictors.
The next wave of DA As are appearing in Phase I-1II
trials, such as second-generation NS3/4A Pls, NS5A
inhibitors, and NS5B polymerase inhibitors (nucleost]
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ide inhibitors and nonnucleos[t]ide inhibitors), and rep-
resents amazing progress in the management of diffi-
cult-to-cure patients, such as prior null responders, with
promising results [16-18,85,89.91,92]. These exciting devel-
opments emphasize the importance of thoughtful use
of TVR or BOC, closely following the recommended
regimens and stopping rules, so as to not negatively influ-
ence the possibility of treatment when the next-genera-
tion DAAs become available. Patients with a cluster of
difficult-to-cure features might benefit from awaiting
for the next-generation of treatments. In the near future,

Tsubota, Furihata, Matsumoto & Chiba

these ceaseless effoits will relieve a large number of HCV-
infected patients worldwide.
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absence of cirrhosis).

presence of cirrhosis.

@ Previous relapsers are the most suitable for the 24-week treatment caglmen
@ The importance of /L28B SNP is attenuated or less informative for SVR.in treatmentaexpenenced patients but still controversial.
w In treatment-naive patients, /L288 SNP can certainly identify those with a high likelihood of achieving SVR with RGT.

u With the advent of more potent DAAs, even difficult-to-cure patients will achieve SVR with a further shorter treatment duration.
More potent DAAs may attenuate the importance of RVR and‘change the concept of RVR and SVR. We should reconsider how

u Treatment regimens for chronic HCV infection are tailored according to independent robust factor. ’
virological response (SVR) (HCV genotype, treatment combined with or without direct-acting akn,tiv;rkals (DAAs), treatment-naive
or viral response to previous treatment, early viral kinetics such as rapid virological response(RVR),

8 The addition of telaprevir, one of the approved NS3/4A PIs, substantially increases RVR, eRVR;
peg-IFNa/ribavirin for treatment-naive and -experienced patients infected with diffi cult‘to ~cure HCV genotype 1.
1 RVR and/or eRVR are further important milestones of response-guided therapy. .

® Among treatment-experienced patients who achieve RVR, SVR rates may differ according toa previous treatment response or

dictive of sustained
1.28B SNP, and presence or

nc SYR rates in combination with

valuable the currently identified robust predictors are, includinig RVR.

References
Papers of special note have been highlighted as:

1

of interest
of considerable interest

Imazeki F, Yokosuka O, Fukai K ez /.
Favorable prognosis of chronic hepatitis C alter
interferon therapy by long-term cohort study.
Hepatology 38(2), 493-502 (2003),
Kasahara A, Tanaka H, Ol
Interferon treatment improves survival in
chronic hepatitis C patients showing
biochemical as well as virolegical respenses by
preventing liver-related death. /i Viral Hepar.
11(2), 148-156 (2004).

Camma C, Di Bona D, Schepis F ez /. Effect
of peginterferon «-2a on liver histology in

chronic hepatitis C: a metaanalysis of
individual patient data. Heparology 39(2), 333~
342 (2004).

Bruno S, Stroffolini T, Colombo M ez al.
Sustained virological response to interferon-o is
associated with improved outcome in HCV-
related cirrhosis: a retrospective study.
Hepatology 45(3), 579-587 (2007).

Veldt B, Heathcote EJ, Wedemeyer H ez al.
Sustained virologic response and clinical

autcomes in'paticnes with chronic hepatitis C

L and advanced fibrosis. Ann. Intern. Med.
“147(10), 677684 (2007).

Pbyn:ud T, Colombo M, Bruix ] et al.
Peginterferon a-2b and ribavirin: effective in
patients with hepatitis C who failed interferon
o/ribavirin therapy. Gastroenterology 136(5),

Peginterferon a-2a plus ribavirin for chronic

hepatitis C virus infection. N, Engl. J. Med.
347(13), 975-982 (2002).

Zeuzem S, Diago M, Gane E et al.
Peginterferon a-2a (40 kilodaltons) and
ribavirin in patients with chronic hepatitis C
and normal aminotransferase levels.

Gastroenterology 127(6), 17241732 (2004).

m;u(, T et al 1618"1628« (2009). 12 Hadziyannis §J, Sette H, Morgan TR ez al.

7 Cardoso AC, Moucari R, Figueiredo-Mendes C Peginterferon-at2a and ribavirin combination
et al. Impact of peginterferon and ribavirin therapy in chronic hepatitis C: a randomized
therapy on hepatocellular carcinoma: incidence study of treatment duration and ribavirin dose.
and survival in hepatitis C patients with Ann. Intern. Med. 140(5), 346355 (2004).
advanced fibrosis. J. Heparol. 52(5), 652-657 13 Jacobson IM, Brown RS, Freilich B ez al.
(2010). Peginterferon o-2b and weight-based or flat-

8  Morgan TR, Ghany MG, Kim HY ez /. dose ribavirin in chronic hepatitis C patients: a
Outcome of sustained virological responders randomized trial. Hepatology 46(4), 971-981
with histologically advanced chronic hepatitis (2007).
C. Hepatology 52(3), 833844 (2010). 14 Ghany MG, Strader DB, Thomas DL, Seeff

9 Manns MP, McHutchison JG, Gordon SC LB. Diagnosis, management, and treatment of
et al. Peginterferon a-2b plus ribavirin hepatitis C: an update. Hepatology 49(4), 1335~
compared with interferon 0-2b plus ribavirin 1374 (2009).
for initial treatment of chronic hepatitis C:a 15 Fried MW, Hadziyannis SL Shiffman ML et 4l
randomised trial. Lancer 358(9286), 958-965 Rapid virological response is the most important
(2001). predictor of sustained virological response across

10 Fried MW, Shiffman ML, Reddy KR ez 4l. genotypes in patients with chronic hepatitis C

virus infection. J. Hepatol. 55(1), 69-75 (2011).

www.future-science.com

future science group



20

21

22

23

24

25

26

27

28

Sustained & rapid virological responses in hepatitis C clinical trials  Clinical Trial Perspective

Sarrazin C, Zeuzem S. Resistance to direct
antiviral agents in patients with hepatitis C
virus infection. Gastroenterology 138(2), 447~
462 (2010).

Asselah T, Marcellin P. Interferon free therapy
with direct acting antivirals for HCV. Liver
Inz. (33 Suppl. 1), 93104 (2013).

Updated summary of new direct-acting
antivirals under clinical trial and interferon-

free combination trials.

Welsch C, Jesudian A, Zeuzem S, Jacobson I.
New direct-acting antiviral agents for the
treatment of hepatitis C virus infection and
perspectives. Gut 61(Suppl. 1), 36-i46 (2012).

McHutchison JG, Everson GT, Gordon SC

et al. Telaprevir with peginterferon and
ribavirin for chronic HCV genotype 1
infection. N. Engl. J. Med. 360(18), 1827-1838
(2009).

Hézode C, Forestier N, Dusheiko G ez a/.
Telaprevir and peginterferon with or without
ribavirin for chronic HCV infection. N. Engl.
J. Med. 360(18), 1839-1850 (2009).

McHutchison JG, Manns MP, Muir A er 4/,
Telaprevir for previously treated chronic HCV
infection. N. Engl. J. Med. 362(14),
1292-1303 (2010).

Jacobson IM, McHutchison JG, Dusheiko G
et al. Telaprevir for previously untreated
chronic hepatitis C virus infection. N. Engl.
J. Med. 364(25), 24052416 (2011).

Zeuzem S, Andreone P, Pol S ¢t 2/. Telaprevir
for retreatment of HCV infection. N. Engl,
J. Med. 364(25), 2417-2428 (2011).
Sherman KE, Flamm SL, Afdhal NH e/,
Response-guided telaprevir combination

treatment for hepatitis C vizus infection. N.’
Engl. ]. Med. 365(11), 16141 1),

an open-label, randomisgd. multicentre phase
2 crial, Lancet 376(9742), 705-716 (2010).

Poordad F, McCone ], Bacon BR ez al.
Boceprevir for untreated chronic HCV
genotype | infection. N. Engl. J. Med. 364(13),
1195-1206 (2011).

Bacon BR, Gordon SC, Lawitz E et 4.
Boceprevir for previously treated chronic HCV
genotype 1 infection. N. Engl. J. Med. 364(13),
1207-1217 (2011).

Kumada H, Toyota J, Okanoue T ez 2/.
Telaprevir with peginterferon and ribavirin
for treatment-naive patients chronically
infected with HCV of genotype 1 in Japan.
J. Hepatol. 56(1), 7884 (2012).

29

30

31

32

33

34

36

37

38

39

Hayashi N, Okanoue T, Tsubouchi H ez 2/.
Efficacy and safety of telaprevir, a new
protease inhibitor, for difficult-to-treat
patients with genotype 1 chronic hepatitis
C. J. Viral. Hepat. 19(2), e134—el42
(2012).

Tsubota A, Shimada N, Atsukawa M ez 4/,
Impact of IL28B polymorphisms on 24-
week telaprevir-based combination therapy
for Asian chronic hepatitis C patients with
HCYV genotype 1b. J. Gastroenterol. Hepatol.
doi:10.1111/jgh.12402 (2013) (Epub ahead
of print).

Davis GL, Wong JB, McHutchison JG ef al.
Early virologic response to treatment with
peg interferon a-2b plus ribavirin in patients
with chronic hepatitis C. Hepatology 38(3),
645-652 (2003).

Ferenci P, Fried M, Shiffman ML et al.
Predicting sustained virological responses in
chronic hepatitis C patients treated with

peginterferon a-2a (40:kd)/ribavirin

therapy. Heparology 43(5),954-960 (2006).
Zeuzem S; Buti M, Ferenci P ez al. Efficacy
of 24 weeksi 1
a-2b plis ri
hiepatitis
low pretr

catment with peginterferon
rin in patients with chronic
infected with genotype 1 and
attoent viremia. J. Hepatol. 44(1),

1.97-103.(2006).
35

‘Poordad F, Reddy KR, Martin P. Rapid
virologic response: a new milestone in the
management of chronic hepatitis C. Clin.
Infect. Dis. 46(1), 78~84 (2008).

Poordad FF. Review article: the role of rapid
virological response in determining
treatment duration for chronic hepatitis C.
Aliment. Pharmacol. Ther. 31(12), 1251—
1267 (2010).

Tsubota A, Chayama K, lkeda K ez 4/.
Factors predictive of response to
interferon-a therapy in hepatitis C virus
infection. Heparology 19(5), 1088-1094
(1994).

Poynard T, Marcellin P, Lee SS et al.
Randomised trial of interferon a2b plus
ribavirin for 48 weeks or for 24 weeks versus
interferon a.2b plus placebo for 48 weeks for
treatment of chronic infection with hepatitis
C virus. Lancet 352(9138), 1426-1432
(1998).

Neumann AU, Lam NP, Dahari H ¢# al.
Differences in viral dynamics between

genotypes 1 and 2 of hepatitis C virus.
J. Infect. Dis. 182(1), 2835 (2000).

40

41

42

43

44

45

46

47

48

49

50

respon
“and relaprevir triple therapy in patients with

Bekkering FC, Stalgis C, McHutchison JG
et al. Estimarion of early hepatitis C viral
clearance in patients receiving daily
interferon and ribavirin therapy using a
mathematical model. Hepatology 33(2),
419-423 (2001).

Tsubota A, Arase Y, Someya T er al. Early
viral kinetics and treatment outcome in
combination of high-dose interferon
induction vs. pegylated interferon plus
ribavirin for naive patients infected with
hepatitis C virus of genotype 1b and high
viral load. J. Med. Virol. 75(1), 27-34
(2005).

Chayama K, Hayes CN, Abe H et 2l. /L28B
bt not ITPA polymorphism is predictive of
: to pegylated interferon, ribavirin,

genotype 1 hepatitis C. J. Infect. Dis.

. 204(1), 84-93 (2011),
Muir AJ, Bornstein JD, Killenberg PG et al.

Peginterferon ot-2b and ribavirin for the
treatment of chronic hepatitis C in blacks
and non-Hispanic whites. N, Engl. J. Med.
350(22), 2265-2271 (2004).

Patton HM, Patel K, Behling C e 2/. The
impact of steatosis on disease progression
and early and sustained treatment response
in chronic hepatitis C patients. J. Hepatol.
40(3), 484-490 (2004).

von Wagner M, Huber M, Berg T e al.
Peginterferon-ct-2a (40 KD) and ribavirin
for 16 or 24 weeks in patients with genotype
2 or 3 chronic hepatitis C. Gastroenterology
129(2), 522-527 (2005).

Conjeevaram HS, Fried MW, Jeffers L] ez al.
Peginterferon and ribavirin treatment in
African American and caucasian American
patients with hepatitis C genotype 1.
Gastroenterology 131(2), 470-477 (2006).

Conjeevaram HS, Kleiner DE, Everhart JE
et al. Race, insulin resistance and hepatic
steatosis in chronic hepatitis C. Hepatology
45(1), 80-87 (2007).

Backus LI, Boothroyd DB, Phillips BR,
Mole LA. Predictors of response of US
veterans to treatment for the hepatitis C

virus. Hepatology 46(1), 37-47 (2007).

Craxi A, Piccinino F, Alberti A er a/.
Predictors of SVR in naive HCV Gl
patients in real life practice: the PROBE.
J. Hepatol. 48(Suppl. 2), $291 (2008).

Reddy KR, Messinger D, Popescu M,
Hadziyannis SJ. Peginterferon o-2a

(40 kDa) and ribavirin: comparable rates of
sustained virological response in sub-sets of
older and younger HCV genotype 1
patients. /. Viral Hepar. 16(10), 724-731
(2009).

58

future science-group

Clin. Invest. (2013) 3(11)



Clinical Trial Perspective

51

52

53

54

55

56

57

58

59

60

61

Rumi MG, Aghemo A, Prati GM ef al.
Randomized study of peginterferon-o.2a
plus ribavirin vs peginterferon-a2b plus
ribavirin in chronic hepatitis C.
Gastroenterology 138(1), 108-115 (2010).

Ascione A, De Luca M, Tartaglione MT

et al. Peginterferon a-2a plus ribavirin is
more effective than peginterferon o-2b plus
ribavirin for treating chronic hepatitis C
virus infection. Gastroenterology 138(1),
116-122 (2010).

Tsubota A, Shimada N, Yoshizawa K ez 2/.
Contribution of ribavirin transporter gene
polymorphism to treatment response in
peginterferon plus ribavirin therapy for
HCYV genotype 1b patients. Liver Inz. 32(5),
826-836 (2012).

Ge D, Fellay ], Thompson AJ et al. Genetic
variation in /L28B predicts hepatitis C
treatment-induced viral clearance. Nature

461(7262), 399-401 (2009).

Tanaka Y, Nishida N, Sugiyama M ez al.
Genome-wide association of JL28B with
response to pegylated interferon-o and
ribavirin therapy for chronic hepatitis C.
Nat. Genet. 41(10), 1105-1109 (2009).

Suppiah V, Moldovan M, Ablenstiel G e 2l.
IL28B is associated with response to chronic
hepatitis C interferon-a and ribavirin
therapy. Nat. Genet. 41(10), 1100-1104
(2009).

Furusyo N, Ogawa E, Nakamuta M ez al.
Telaprevir can be successfully and safely
used to treat older patients with genotype 1b
chronic hepatitis C. J. Hepatol.

59(2), 205-212 (2013).

Bjoro K, Bell H, Hellum KB ez a/. Effect of
combined interferon-o induction therapy
and ribavirin on chronic hepatitis C-virus
infection: a randomized multicentre ttudy.
Scand. ], Gastroenterol, 3712);226-232
(2002). o T
Zeuzem S, Hultcrantz R, Batirlicre M ez al.
Peginterferon a-2b plus ribavirin for

treatment of chronic hepatitis C in
previously untreated patients infected with
HCYV genotypes 2 or 3. /. Heparol. 40(6),
993-999 (2004).

Dalgard O, Bjoro K, Hellum KB et al.
Treatment with pegylated interferon and
ribavarin in HCV infection with genotype 2
or 3 for 14 weeks: a pilot study. Heparology
40(6), 1260~1265 (2004).

Yu ML, Dai CY, Huang JF et al. A
randomised study of peginterferon and
ribavirin for 16 versus 24 weeks in patients
with genotype 2 chronic hepatitis C. Gur
56(4), 553-559 (2007).

62

63

64

65

66

67

a8

069

70

71

72

Tsubota, Furihata, Matsumoto & Chiba

Dalgard O, Bjero K, Ring-Larsen H ez a/.
Pegylated interferon o and ribavirin for 14
versus 24 weeks in patients with hepatitis C
virus genotype 2 or 3 and rapid virological
response. Hepatology 47(1), 3542 (2008).

Yu ML, Dai CY, Huang JF ez a/. Rapid
virclogical response and treatment duration
for chronic hepatitis C genotype 1 patients:

.a randomized trial. Hepatology 47(1),

1884-1893 (2008).

Hoofnagle JH, Wahed AS, Brown RS ez al.
Early changes in hepatitis C virus (HCV)
levels in response to peginterferon and
ribavirin treatment in patients with chronic
HCYV genotype 1 infection. J. Infect. Dis.
199(8), 11121120 (2009).

Abe H, Aida Y, Ishiguro H ez a/. New
proposal for response-guided peg-interferon-
plus-ribavirin combination therapy for
chronic hepatitis C virus genotype 2

infection. J. Med. Virol. 85(9), 1523-1533 . 2

(2013)

Kieffer TL, Sarrazin C, Miller J§ et.al
Telaprevir and pegylated intérleron-o-2a
inhibit wild-type and resistant genotype |
hepatitis C virus repiicﬁliun in;p;’n"xcnts.
Hepatology 46(3), 631-639 (2007).
Sarrazin C, Kieffer TL, Bartels ) ¢ al.
Dynamic hepatitis C virus genotypic and
phenotypic changesin patients treated with
the protease in !‘\ibitl‘)r; ielaprevir.
Gastroenterology 32(5), 1767-1777 (2007).
Welschi C, Wang Y ez al.
Chatdcrerization of resistance to the
protease inhibitor boceprevir in hepatitis C
virus infected patients. Hepatology 50(6),
1709--1718 (2009).

Martinez-Bauer E, Crespo J, Romero-
Goémez M et al. Development and validation
of two models for early prediction of
response to therapy in genotype 1 chronic
hepatitis C. Hepatology 43(1), 72-80
(2006).

Bdrcena R, Moreno A, del Campo S ez al.
The magnitude of week 4 HCV RNA decay
on pegylated interferon/ribavirin accurately

predicts virological failure in patients with
genotype 1. Antiviral Ther. 12(3), 401-406
(2007).

Poynard T, McHutchison J, Goodman Z

er al. Is an “A la carte” combination
interferon a-2b plus ribavirin regimen
possible for the first line treatment of
patients with chronic hepatitis C?
Hepatology 31(1), 211-228 (2000).

Davis GL. Monitoring of viral levels during

therapy of hepatitis C. Hepatology 36(5
Suppl. 1), S145-5151 (2002).

73

74

75

76

78

79

80

81

82

83

Kamal $M, El Kamary S8, Shardell MD

et al. Pegylated interferon at-2b plus ribavirin
in patients with genotype 4 chronic hepatitis
C: the role of rapid and early virologic
response. Hepatology 46(6), 17321740
(2007).

Thompson AjJ, Muir AJ, Sulkowski MS ez a/.
Intetleukin-28B polymorphism improves
viral kinetics and is the strongest
pretreatment predictor of sustained virologic
response in hepatitis C virus-1 patients.
Gastroenterology 139(1), 120-129.e18 (2010).

Mangia A, Minerva N, Bacca D ez al.
Individuilized treatment duration for
penotype 1 patients: a
ontrolled trial. Hepatology
47(1),.43-50.(2008).

snsen DM, Marcellin P, Freilich B ez 2/,
nent of patients with chronic

5 who do not respond to
peginterferon-2b. Ann. Intern. Med. 150(8),
528-540 (2009).

“Shiffman ML, Di Bisceglie AM, Lindsay KL

et al. Peginterferon o-2a and ribavirin in
patients with chronic hepatitis C who have
failed prior treatment. Gastroenterology
126(4), 1015-1023 (2004).

Ghany MG, Nelson DR, Strader DB ez 4l.
An update on treatment of genotype 1
chronic hepatitis C virus infection: 2011
practice guideline by the American
association for the study of liver diseases.

Hepatology 54(4), 1433-1444 (2011).

Ferenci P, Laferl H, Scherzer TM ¢t al.
Peginterferon a-2a and ribavirin for 24 weeks
in hepatitis C type 1 and 4 patients with
rapid virological response. Gastroenterology
135(2), 451-458 (2008).

Lagging M, Langeland N, Pedersen C ez al.
Randomized comparison of 12 or 24 weeks
of peginterferon o-2a and ribavirin in
chronic hepatitis C virus genotype 2/3
infection. Hepatology 47(6), 1837-1845
(2008).

Mangia A, Santoro R, Minerva N ez al.
Peginterferon o-2b and ribavirin for 12 vs 24
weeks in HCV genotype 2 or 3. N. Engl.

J. Med. 352(25), 2609-2617 (2005).

Mangia A, Minerva N, Bacca D ez 4l.
Determinants of relapse after a short

(12 weeks) course of antiviral therapy and
re-treatment efficacy of a prolonged course in
patients with chronic hepatitis C virus
genotype 2 or 3 infection. Hepatology 49(2),

-358-363 (2009).

Shiffman ML, Suter F, Bacon BR ez al.
Peginterferon o-2a and ribavirin for 16 or
24 weeks in HCV genotype 2 or 3. V. Engl.
J. Med, 357(2), 124-134 (2007).

10

www.future-science.com

fsg

future science group



84

85

86

Sustained & rapid virological responses in hepatitis C clinical trials  Clinical Trial Perspective

Jacobson IM, Gordon SC, Kowdley KV et a/.
Sofosbuvir for hepatitis C genotype 2 or 3 in
patients without treatment options. N, Engl.
J. Med. 368(20), 18671877 (2013).

Lawitz E, Mangia A, Wyles D ez al.
Sofosbuvir for previously untreated chronic
hepatitis C infection. N. Engl. J. Med.
368(20), 1878-1887 (2013).

Notable treatment outcomes in 12-week
regimens of sofosbuvir, an NS5B polymerase
inhibitor, combined with peg-IFNa-2a./
ribavirin for treatment-naive patients with
hepatitis C virus genotype 1, 4, 5, or 6, and
IFN-free sofosbuvir/ribavirin combination
for those with genotype 2 or 3.

Mangia A, Thompson AJ, Santoro R et al.
Limited utility of /L28B in the setting of

87

88

response-guided treatment with detailed
on-treatment virological monitoring.

Hepatology 54(3), 772-780 (2011).

Pol S, Aerssens J, Zeuzem S et 4l. Similar
SVR rates in /L28B CC, CT or TT prior
relapser, partial- or null-responder patients
treated with telaprevir/peginterferon/
ribavirin: retrospective analysis of the
REALIZE study. J. Hepatol. 54(Suppl. 1),
S6--S7 (2011).

Nelson DR, Poordad F, Fried MW ez 4/. High
SVR rates (SVR4) for 12-week total
telaprevir combination therapy in JL28B CC
treatment-naives and prior relapsers with G1
chronic hepatitis C: concise interim analysis.
J. Hepatol. 58(Suppl. 1), S362 (2013).
Kowdley KV, Lawitz E, Crespo [ ez al.
Sofosbuvir with pegylated interferon a-2a

90

91

92

and ribavirin for treatment-naive patients
with hepatitis C genotype-1 infection
(ATOMIC): an open-label, randomised,
multicentre Phase II trial. Lancer 381(9883),
2100-2107 (2013).

Chen J, Florian J, Carter W et al. Earlier
sustained virologic response endpoints for
regulatory approval and dose selection of
hepatitis C therapies. Gastroenterology
144(7), 1450-1455.€2 (2013).

Soriano V, Peters MG, Zeuzem S. New
therapies for hepatitis C virus infection.
Clin. Infect. Dis. 48(3), 313-320 (2009).

'l"liompson AJ, McHutchison ]G. Will
L2538 polymorphism remain relevant in the
era of direct-acting antiviral agents for
hepatitis C virus? Hepatology 56(1), 373381
2m2).

future science group

Clin. Invest. (2013) 3(11)

11



J Gastroenterol
DOI 10.1007/s00535-013-0918-7

Baseline factors and very early viral response (week 1)

for predicting sustained virological response in telaprevir-based
triple combination therapy for Japanese genotype 1b chronic
hepatitis C patients: a multicenter study

Noritomo Shimada + Hidenori Toyoda *+ Akihito Tsubota - Tatsuya Ide -
Koichi Takaguchi + Keizo Kato + Masaki Kondoh « Kazuhiro Matsuyama -

Takashi Kumada + Michio Sata

Received: 12 October 2013/ Accepted: 11 November 2013
© Springer Japan 2013

Abstract

Background Genetic polymorphisms near Interleukin
28B (IL28B) (rs8099917) and a rapid virological response
(RVR) have been reported as predictors for a sustained
virological response (SVR) to telaprevir (TVR)-based tri-
ple combination therapy. However, the association
between SVR and viral kinetics earlier than week 4 after
initiation of therapy remains unclear. Thus, we evaluated
the SVR prediction ability of baseline factors and reduced
hepatitis C virus (HCV) RNA levels at week 1 after the
initiation of TVR-based therapy in Japanese genotype-1b
chronic hepatitis C (CHC) patients.
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Methods A total of 156 Japanese CHC patients received a
24-week regimen of TVR-based therapy. Baseline factors
and reduction in HCV RNA levels at weeks 1 and 4 after
the initiation of therapy were analyzed for SVR prediction.
Results Multiple logistic regression analysis for SVR in
TVR-based therapy identified the IL28B TT genotype, a
reduction of >4.7 log;oIU/mL in HCV RNA levels at week
1, RVR, and treatment-naive/relapse. Whereas the SVR
rate was higher than 90 % regardless of the reduction in
HCV RNA levels at week 1 in patients with the TT.
genotype, a reduction of >4.7 log;oIU/mL in HCV RNA
levels at week 1 was the strongest predictor of SVR in
patients with the non-TT genotype, as determined by
multiple logistic regression analysis (P = 0.0043).
Conclusions The IL28B TT genotype is the most impor-
tant baseline factor for predicting SVR, and a
>4.7 log;olU/mL reduction in HCV RNA at week 1 is a
useful very early on-treatment predictor of SVR, especially
in the non-TT genotype.

Keywords Chronic hepatitis C - Reduction in HCV
RNA at week 1 - Telaprevir - IL28B

Introduction

In 2011, the first-generation direct-acting antiviral agents
telaprevir (TVR) and boceprevir (BOC) were approved for
treatment of chronic hepatitis C (CHC) patients with hep-
atitis C virus (HCV) genotype 1 in the United States (US),
Canada, and the European Union (EU). Triple combination
therapy with TVR or BOC, PEG-interferon (PEG-IFN),
and ribavirin (RBV) is the current standard of care for
genotype 1 CHC patients [1]. In Japan, TVR, which is a
nonstructural (NS) 3/4A serine protease inhibitor, was
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approved in September 2011 and has been marketed since
November 2011. In treatment-naive genotype 1 CHC
patients, TVR-based triple combination therapy for a
shortened period was reported to remarkably improve the
rate of sustained virological response (SVR) compared
with PEG-IFN and RBV alone [2-4]. In treatment-experi-
enced patients, the effect of TVR-based triple combination
therapy reportedly depends on the response to PEG-IFN
and RBV combination therapy [5-16].

Pivotal genome-wide association studies have found that
genetic variations near the interleukin 28B (IL28B) gene
(rs8099917 and rs12979860) are strongly associated with
the treatment outcome of PEG-IFN and RBV combination
therapy [17-19]. We previously confirmed that the IL28B
single-nucleotide polymorphism (SNP) genotype was the
strongest factor contributing to SVR in PEG-IFN and RBV
combination therapy [20-23]. These genetic variations
appear to be strong predictors of SVR to a 24-week regi-
men of TVR-based triple therapy, as well as PEG-IFN and
ribavirin combination therapy [7, 11, 14-16, 24].

Two guidelines for treatment of genotype 1 CHC
patients, which were based on the results of the clinical
trials of a 24-week regimen of TVR-based triple therapy
for Japanese patients [4, 10], provided recommendations
for patient selection for TVR-based therapy [25]. Study
Group for the Standardization of Treatment of Viral
Hepatitis Including Cirrhosis published by the Ministry
of Health, Labour and Welfare of Japan, and Japan
Society of Hepatology guidelines provided recommen-
dations of a 24-week regimen of TVR-based triple
therapy for Japanese genotype 1 CHC patients. These
recommendations are based on Dbaseline factors,
including patient’s age, sex, IL28B genotype, core
amino acid substitution at position 70, previous treat-
ment history and response, stage of fibrosis, viral load,
and baseline hemoglobin level [25, 26].

In addition to the baseline predictive factors, changes in
HCV RNA levels after the start of therapy are predictive
for treatment outcomes. A rapid virological response
(RVR), defined as undetectable serum HCV RNA at week
4 after the start of therapy, and an extended rapid viro-
logical response, defined as undetectable serum HCV RNA
at both weeks 4 and 12, were also reported as significant
predictors of TVR-based treatment outcome [7, 11, 15, 16,
27]. However, the association between SVR and viral
kinetics earlier than 4 weeks after initiating TVR-based
triple combination therapy remains unclear. RVR was
achieved in only approximately 3-11 % of cases receiving
PEG-IFN and RBV combination therapy [2, 3, 6, 27, 28].
In contrast, RVR was achieved in approximately 61-84 %
of cases receiving TVR-based triple combination therapy
[2-6, 8, 10, 11, 15, 16, 27, 29]. It is therefore important to
determine whether viral kinetics earlier than week 4 after

@ Springer

the start of therapy is predictive for SVR in TVR-based
triple combination therapy? o STy

TVR-based triple combination therapy remarkably
improves the SVR rate in CHC patients with the difficult-
to-treat HCV genotype 1. However, some patients still fail
to achieve SVR. Adverse events occurred more frequently
and were more severe in patients treated with TVR-based
therapy than in those treated with PEG-IFN and RBV alone
[2-6]. Additionally, TVR-based therapy is expensive. In
clinical practice, the determination of predictive factors of
successful treatment outcome as early as possible is nec-
essary for preventing unnecessary treatment in addition to
physical and economic burden. Thus, in this prospective,
multicenter study, we evaluated the clinical relevance of
baseline predictors and the reduction in HCV RNA levels
at week 1 after starting therapy for predicting SVR in a
24-week regimen of TVR-based triple combination therapy
for genotype 1b CHC patients.

Methods
Patients, treatment, and definition of outcomes

Between December 2011 and September 2012, 156 Japa-
nese genotype 1b monoinfected CHC patients were enrol-
led in this multicenter study at Shinmatsudo Central
General Hospital, Kurume University School of Medicine,
Kagawa Prefectural Central Hospital, Jikei University
School of Medicine Kashiwa Hospital, and Ogaki Muni-
cipal Hospital. The inclusion criteria for the study included
persistently positive sera for HCV RNA for > 6 months as
determined using the quantitative real-time PCR method
(COBAS AmpliPrep/COBAS TagMan HCV test, Roche
Diagnostics, Tokyo, Japan), HCV RNA >5.0 log;oIU/mL
in treatment-naive patients, age of 18-75 years, and body
weight >35 kg at the time of entry into the study. Exclu-
sion criteria were: (1) decompensated cirrhosis; (2) positive
for hepatitis B surface antigen or antibodies against human
immunodeficiency virus; (3) previous or current develop-
ment of hepatocellular carcinoma; (4) co-existence of other
liver diseases, such as autoimmune hepatitis, primary bil-
iary cirrhosis, hemochromatosis, Wilson disease, and
alcoholic liver disease; (5) renal disease or creatinine
clearance < 50 mL/min at baseline; (6) hemoglobin level
< 12 g/dL, white blood cell count < 2000/uL., neutrophil
count < 1500/pL, and platelet count < 8.0 x 10%/uL at
baseline; (7) depression, schizophrenia or its history, or
history of suicide attempts, (8) pregnancy in progress or
planned for either partner during the study period. For 114
of 156 (73.1 %) patients, liver biopsy was conducted
within 12 months of enrollment. The presence or absence
of cirrhosis was established according to the Metavir score
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Table 1 Patient profiles

Number of patients 156
Sex (male/female) ' 78178
Age (years) 584 + 103
Body weight (kg) 61.8 + 12.8
Body mass index (kg/m?) 23.7 £ 3.5
Absence or presence of cirrhosis (non-cirrhosis/ 120/36
cirrhosis)
Response to previous treatment (treatment-naive/ 78/50/14/14
relapsers/partial responders/null responders)
1s8099917 (TT/TG/GG) 106/48/2
Core amino acid substitution 70 (wild-type/mutant-  97/59
type)
ISDR of NS5A (wild-type/non-wild-type) 138/18
White blood cells (/uL) 4972 + 1542
Hemoglobin (g/dL) 142 + 1.4
Platelets (x10%/uL) 17.1 £ 5.6
Aspartate aminotransferase I (U/L) 54 & 36
Alanine aminotransferase I (U/L) 60 £ 50
Gamma-glutamyl-transpeptidase I (U/L) 59 £+ 68
Albumin (g/dL) 42+ 03
Total cholesterol (mg/dL) 173 £ 31
Low-density lipoprotein cholesterol (mg/dL) 103 + 28
Alpha-fetoprotein (ng/mL) 10.9 £ 20.7
HCV RNA (log;olU/mL) 6.4 + 09
Initial dose of PEG-IFN (ug/kg) 15402
Initial dose of ribavirin (mg/kg) 112+ 1.6
Initial daily dose of telaprevir (1500/2250 mg) 84/72
Administration intervals of telaprevir (q8/q12 h) 96/60

Data are expressed as numbers or mean =+ standard deviation

ISDR interferon sensitivity-determining region, HCV hepatitis ' C
virus, PEG-IFN PEG-interferon

[30]. For the remaining 42 patients, the presence or absence
of cirrhosis was evaluated using ultrasonography and/or
computed tomography findings.

Patient profiles are shown in Table 1. In this study, all
treatment-experienced patients were treated with PEG-IFN
and ribavirin combination therapy. Patients in this study
were categorized as relapsers (HCV RNA undetectable at
the end of treatment and then positive in follow-up), partial
responders (=2 log;oIlU/mL reduction in HCV RNA at
week 12 but never undetectable), or null responders
(< 2 log;olU/mL reduction in HCV RNA at week 12). In
this study, partial responders and null responders were
analyzed as non-responders.

All patients were treated with PEG-IFN-o-2b, RBV, and
TVR triple therapy. TVR (Telavic; Mitsubishi Tanabe
Pharma, Osaka, Japan) was administered every 8 h after
meals (q8 h) at 500 or 750 mg, or every 12 h after meals
(q12 h) at 750 or 1125 mg. The initial daily dose of TVR
(1500 or 2250 mg per day) and administration intervals (q8

or q12 h) were determined by each attending physician
according to age, sex, body weight, and hemoglobin level.
PEG-IFN-o-2b (PEG-Intron, MSD, Tokyo, Japan) was
injected subcutaneously at a median dose of 1.5 ug/kg per
week. The RBV (Rebetol, MSD, Tokyo, Japan) dose was
adjusted by body weight (600 mg for < 60 kg; 800 mg for
>60 to <80 kg; and 1000 mg for >80 kg; in the case of
hemoglobin < 13 g/dL at start of therapy, the RBV dose
was reduced by 200 mg), based on the guidelines of the
Ministry of Health, Labor and Welfare of Japan, and the
drug was administered orally after breakfast and dinner.
Triple therapy was given for 12 weeks, followed by an
additional 12 weeks of PEG-IFN-a-2b and RBV combina-
tion therapy (T12PR24). Administration of each drug was
appropriately reduced or withdrawn when a serious adverse
event was suspected to be developing or if a serious adverse
event occurred during the course of treatment. Regardless
of adverse events, treatment was stopped for patients who
had HCV RNA > 3 log;oIU/mL at week 4 or detectable
HCV RNA at week 12, or those showing a > 2 log;oIU/mL
increase in HCV RNA levels from the lowest level during
therapy, because of the low likelihood of achieving SVR
and the high risk of developing antiviral resistance.

Adherence to PEG-IFN was calculated based on the
initial weekly dose, and that to RBV was calculated based
on the initial daily dose. Adherence to TVR was defined as
100 % when 2250 mg was given each day for 12 weeks,
which is the recommended daily dose.

The virological response was analyzed on an intent-to-
treat basis. The successful endpoint of treatment was SVR
for patients showing undetectable HCV RNA for 24 weeks
after cessation of treatment. Patients were defined as
relapse when HCV RNA levels became undetectable until
the end of treatment, but became positive during the fol-
low-up period. Patients were defined as at viral break-
through when HCV RNA became undetectable during the
treatment period, but then became positive again before the
end of the treatment period. Patients were defined as non-
response when HCV RNA was detectable throughout the
treatment period. Furthermore, RVR was defined as
undetectable HCV RNA at week 4 after starting treatment.

All patients provided written informed consent. This
study protocol was prepared following ethics guidelines
established in conformity with the 2008 Declaration of
Helsinki, and was approved by the Ethics Committee of
each participating institution.

Measurement of HCV RNA, and amino acid
substitution in the core and NS5A regions of HCV
genotype 1b

HCV genotype was determined by direct sequencing fol-
lowed by phylogenic analysis of the NS5B region [31]. The
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antiviral effects of the therapy on HCV were assessed by
measuring serum HCV RNA levels. In this study, HCV
RNA levels were evaluated at baseline; weeks 1, 4, 8, 12,
16, 20, and 24 during treatment; and once every 4 weeks
after cessation of treatment. HCV RNA levels were
determined using the COBAS AmpliPrep/CABAS TagMan
HCV test (Roche Diagnostics, Tokyo, Japan). The linear
dynamic range of the assay was 1.2-7.8 log;olU/mL, and
undetectable samples were defined as negative.

Core amino acid substitution at position 70 was deter-
mined according to a previously described method [32, 33].
Core amino acid substitution at position 70 was defined as
wild-type (arginine) or mutant-type (glutamine or histi-
dine). Additionally, substitutions at amino acids 2290-2248
of the NS5A region [interferon-sensitivity determining
region (ISDR)] were determined using a previously
described method [34]. Amino acid substitutions in ISDR
were defined as wild-type (0 or 1) or non-wild-type (>2).

Single-nucleotide polymorphism genotyping

Genomic DNA was extracted from whole blood using the
MagNA Pure LC and a DNA Isolation Kit (Roche Diag-
nostics). The genetic polymorphism rs8099917, near the
IL28B gene [17, 18], was genotyped by real-time detection
PCR using the TagMan SNP Genotyping Assays and the
7500Fast Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). The rs8099917 genotypes were
classified into 2 categories, including TT (major genotype)
and non-TT genotype (minor genotype: TG or GG).

Statistical analysis

Continuous variables are expressed as the mean and stan-
dard deviation. Categorical data were analyzed using the
Chi-squared test and Fisher’s exact test, while continuous
data were analyzed using the non-parametric Mann—
Whitney U test. Univariate and multiple logistic regression
analyses were used to identify factors that significantly
contributed to SVR. The odds ratios (OR) and 95 % con-
fidence intervals (95 % CI) were also calculated. All
P values for statistical tests were 2-tailed, and values of
< 0.05 were considered statistically significant. Variables
that achieved statistical significance (P < 0.05) according
to univariate analysis were entered into multiple logistic
regression analyses to identify significant independent
predictive factors of SVR.

Receiver-operating characteristics (ROC) analyses were
performed to determine cut-off values for sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and accuracy for predicting SVR.
Statistical analysis was performed using SPSS version 17.0
(IBM-SPSS, Chicago, IL, USA).
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Results
Characteristics of patients and treatment outcome

Table 1 summarizes the characteristics of the patients. In
total, 78 patients (50.0 %) were treatment-naive, and 78
patients (50.0 %) were treatment-experienced with PEG-
IFN and RBV. The IL28B TT genotype was present in
67.9 % (106 of 156) of the patients. The proportion of
patients with cirrhosis was 23.1 % (36 of 156). In total, 72
patients (46.1 %) were treated with TVR at 2250 mg/day,
and 84 patients (53.9 %) were treated with TVR at
1500 mg/day. In terms of dosing schedule, 96 patients
(61.5 %) were treated g8 h, and 60 patients (38.5 %) were
treated ql12 h.

Regarding treatment outcomes, 125 patients (80.1 %)
achieved SVR; 14 patients (9.0 %) relapsed. 12 patients
(7.7 %) showed viral breakthrough, and the remaining five
patients (3.2 %) showed non-response. For the IL28B SNP
genotypes, among the 106 patients with the TT genotype,
102 (96.2 %) achieved an SVR, and one (0.9 %) relapsed;
two (1.9 %) showed viral breakthrough, and one (0.9 %)
showed non-response Among the 50 patients with the non-
TT genotype, 23 (46.0 %) achieved an SVR; 13 (26.0 %)
relapsed. Ten (20.0 %) showed viral breakthrough, and
four (8.0 %) showed non-response. Thus, the SVR rate was
significantly higher in patients with the TT genotype than
in those with the non-TT genotype [102 of 106 patients
(96.2 %) vs. 23 of 50 (46.0 %), P <0.0001] (Fig. 1).

- According to previous treatment response, among the 78

treatment-naive patients, 66 (84.6 %) achieved an SVR;
five (6.4 %) relapsed. Five (6.4 %) showed viral break-
through, and two (2.6 %) showed non-response. Among

" the 50 relapsers, 48 (96.0 %) achieved an SVR; one

(2.0 %) relapsed, and one (2.0 %) showed viral break-
through. Among the 14 partial responders, eight (57.1 %)

48.0%
/50y

Rate of sustained virological’ response

T nonTT
Fig. 1 Rate of sustained virological response according to the /L28B
(rs8099917) genotype. The rate of sustained virological response was
significantly higher in patients with the TT genotype than in those
with the non-TT genotype (P < 0.0001) :
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achieved an SVR; four (28.6 %) relapsed, and two
(14.3 %) showed viral breakthrough. Among the 14 null
responders, three (21.4 %) achieved an SVR; four (28.6 %)
relapsed. Four (28.6 %) showed viral breakthrough, and
three (21.4 %) showed non-response. The SVR rate was
significantly different across the four categories of previous
treatment response (P < 0.0001). In particular, the SVR
rate was significantly lower in non-responders than in
treatment-naive patients or relapsers [114 of 128 patients
(89.1 %) vs. 11 of 28 patients (39.3 %), P < 0.0001].

Six patients stopped triple therapy before 12 weeks. The
reasons were loss of appetite in three patients, severe
anemia in one patient, systemic skin flare in one patient,
and viral breakthrough in one patient. Among the six
patients, five (83.3 %) with the IL28B TT genotype
achieved an SVR, and one (16.7 %) with the non-TT
genotype who showed viral breakthrough did not achieve
an SVR.

Association between reduced serum HCV RNA levels
at week 1 after starting therapy and SVR

ROC curve analysis was performed in 156 patients, to
evaluate the association between reduced serum HCV RNA
levels at week 1 after starting therapy and SVR. The area
under the ROC curve was 0.754, and the best cut-off value
was calculated as 4.7 log;oIlU/mL (Fig. 2). The SVR rate
was significantly higher in patients with a reduction of
>4.7 log;oIU/mL at week 1 than in those with a reduction
of <4.7 logoIU/mL [65 of 68 patients (95.6 %) with
>4.7 log;olU/mL vs. 60 of 88 patients (68.2 %) with
<4.7 logolU/mL, P < 0.0001]. All four patients with the
TT genotype who failed to show an SVR had a reduction of
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Fig. 2 Receiver operdting characteristic (ROC) analysis for predic-
tion of a sustained virological response according to the reduction in
serum HCV RNA levels at week 1 after the start of therapy. The area
under the ROC curve was 0.754 V

Sensitivity

R Som— ; .
0% 02 04 06 03 10

1:Specificity

Fig. 3 Receiver operating characteristics (ROC) analysis for predic-
tion of a sustained virological response in the IL28B (rs8099917) non-
TT genotype according to the reduction in serum HCV RNA levels at
week 1 after the start of therapy. The area under the ROC curve was
0.777

<4.7 log1olU/mL at week 1 (4.1 log;oIU/mL in treatment-
najve patient, 3.8 log;olU/mL in partial responder,
3.7 log1oIU/mL in null responder, and 4.6 log;olU/mL in
null responder, respectively).

Patients with the IL28B TT genotype presented an
extremely high SVR rate. Therefore, the ROC analysis
focused on 50 patients with the IL28B non-TT genotype.
The area under the ROC curve was 0.777, and the best cut-
off value was calculated as 4.7 log;oIU/mL, which was
similar to the value calculated for all patients (Fig. 3). The
SVR rate was significantly higher in patients with a
reduction of >4.7 log;oIU/mL at week 1 than in those with
a reduction of <4.7 logoIU/mL [15 of 18 patients (83.3 %)
with a reduction of >4.7 log;oIU/mL vs. 8 of 32 patients
(25.0 %) with a reduction of <4.7 loglU/mL,
P = 0.0001].

Predictive factors associated with SVR

According to the univariate analysis, the following factors
were associated with SVR: treatment-naive patients or
relapsers (P < 0.0001); IL28B TT genotype (P < 0.0001);
higher white blood cell count (P = 0.0098), platelet count
(P = 0.0299), total cholesterol level (P = 0.0467), and
low-density lipoprotein cholesterol level (P = 0.0080);
lower gamma glutamyl transpeptidase level (P = 0.0014)
and alpha-fetoprotein level (P = 0.0175); core amino acid
substitution at position 70 of the wild-type (P = 0.0010);
achievement of RVR (P < 0.0001); and reduction of
>4.7 log1olU/mL. in HCV RNA levels at week 1
(P = 0.0003). Multiple logistic regression analysis identi-
fied the following four independent factors: IL28B TT

@ Springer



