 Treatment-naive

~ phi
_ resistance

 file h
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""““;ji"?compared with the reference replicon (EC =0. 003

~1,7'nature resistance substitutions with QJ4H generally :
 enhanced drug suscepttbxhty (Tables 2,3 and 4). In

- maintained through week 48, the patient relapsed at
four weceks post-treatment. ln ‘general, pharmacokinetic
~ parameters indicated no obvious deficiency in DCV

__ exposure in most non—responders wuh vu:ologzcal fail-
ure (Addmonai ﬁle 3) ; G i

Vanants emerymg on treatment :
DCV~resnstant: variants emerged durmg treatment in
all 19 n0n~responders with virological failure (13
recewmg alfa-2b, 6 receiving alfa-2a; Table 3). In all
~cases, 2 two DCV-resistant variants were detected i in
~ the on-treatment and post:«tr:ea!:ment failures. Pat»
terns of emerging variants were generally similar to
; ,those observedkm treatment-naive panents, ‘with the :

,':ants, only L31V+Y93H was detected in six patlents',
- (EC,

dNRzz),, th the addition f"'Q54

,i‘ypa‘tlen{:s (EC,,=26 nM; NR15 and NR37) and fnul-« .
 tiple addmonal substxtunons in onc panem: (NRZl

:descmbed beiow) L31M plus Y93H was always ass0-

o _ciated with other substitutions at positions QS4H
;thh or wu:hout P.‘>8S and Q62E Generally, these

cor i wer& associated with a >8,000- fold
“dectease in DCV susceptibility in vitro (EC >25 nM)

' M), It should be noted that ccmbmmg DCV sig-

Imost all cases, DCV-resistant variants detected dur-
ng vu‘oioglcal brcakthrough per51sted post—treatment

~ and DCV-resistant variants detected durmg early

; relapse persist ed at post-treatment week 24.

: ) ; e :assay (Tabl
pancnts) and LM plus‘ Y%H (snc panents)’ anf
: ,prevu)usly reported NSSA resxstance-assocmted vari-

ients NRO6, NRO4, NRO7, NR17, At we

o ;"A92A/T were détected and at week 24, L31F anda
P32 delenon emex:ged Unhke patxent NRO2, AP32

EC,

‘V"troiog’i'calyescape with DCV pius peginterferqn’!r%bayirin; £

due to lack of ef*ﬁcﬁéy At baseline, the NSSA-QS4H
variant was detected. At week 8, deletion of P32 was
detected, which alone confers a DCV EC, >5, 000 nM

with a replication capacity of 29% versus wild type
,(Tabk: 4) Interestmgly, thlS varxant was transxertr and: '

~up. Instead a variant carrying subsmtutlons L3 ™M plus,yr '

Y93H in combination with the basehnc polymorphxsm]

: Q54H (ECm =13 nM in a transient assay) became the'*f‘, :
_ dominant viral population. Phenotypic assessment

using the patient-derived full-length NSSA sequence",

~ from week 12 (L3 IM-Q54H-Y93H) ylelded a com-
, parable EC

, value (19 nM) to the reference GT1b
(Conl) carrymg thcse substltutmns in the tmnsmncf,;

_ Patient NR?A had basehne HCV RNA of 6 7 Iogm‘
IU/ml Treatment with DCV. 60 mg plus alfa—’}b/RBVk o
reduced HCV RNA to below detectlon by week 4.

'combmed with L31F was also. detected € follow—up :

: ,week 4. The rephcauon capacxty of replxcons carrying
'L31F plus AP32 was poor (12%) compared with the

: ,reference Gle (Conl) rephcon, however, f 1

: ,"'AP32 plus Q62R dld‘not rephcate in the tra

55,000 nM)..

50 (

Onc z:e apser (NRZZ) had HCV RNA>1 000 IU/’mlj eex 12. 1

Pament NROZ ha& hlgh basely

. IUlml) thts patxent recexvedD 1

Antiviral Yhe:apy 19 5.

600

~ Patient NR21 had baseline HCV RNA of 7. O iogmj“
;‘g‘»,’IU/ml Treatmem thh DCV 60 mg plus alfa»Zb/RBV’ -
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' Tabie 4.DCV susceptlbtlnty and rephcatwe capac:ty of HCV (Com ) rept;cons with NS5A substituhons detected in patients

,,Perccntage
. : Dilmeeiean i s : i - replication versus
' Pa,t‘ieht : : : - NS5A DCV resistance substitutions ~ DCVEC, nM (o)~ DCVEC,, nM (s0) G116 (Cont) (sp)

~ Del t;oﬂobsewed in. ,!;P32‘delyction'” i 0 e ,‘}5(0{)@(({,4)" . >5000(NA) 29.(3)
jpatxentsNRGZandNRzzt o , L s
; PatlentNR20 ' e e ~ T .
- Consensus seque g R3OQQS4HT561 T64AA92K 95(22) - 4a23(181) 47(22)
~ Variantsconstructedto  R30Q : 0,002 (0.0003) 0007 (0.003) 91 (1)
~ assessthe role of individual  O54H ~ 0003(0000s) 0011 (0003) 83018
~ mutations L Tsel , . 0002(0.0008) 0,004 (0.002) 390100
. AgK . 33(085) oo 1o
 R30QA92K Lo a31(en) 631 (311) 49(4)
 R30Q Q54H A92K e8] . n3(88) , 36 (14).
','Ranaos«mrsst A92K 020280 373(143) . 100(17)
: "V'Rzoo QS4H T4AAOZK L e 446(89) 76(30)

e szsytignt,‘NRz,}i :
- Variants detected by

- 'mM R300Y93H 2 clones) ~ >5000(NA) >5000(NA) . 5(1)
~ [28M R30Q A92K (5 clones) . 3932(684) 55,000 (NA)‘ e 49 (3)
k'clones. vanan obscr‘ved mf . 128M R30H L31VA92K (4 clones) w>5000 L - >5,000. e 138332
~ 128M R30H L31V Y93H (2 clones) ~ >5,000 (NA) - i 55,000 (NA S gy
- Laam Ra‘yommvyasﬂ (3;!0;1&5)"' '~‘, 1’~,57]2 (593) 3w (627) .

,kt assays unless otherw‘se mdtcated :md represent the mean :sn of > two mdcpendcnt expenments wrtb each expenment rcpfesentmg the
inations. °chhc:at;on capacﬂy of variant replicons was compared against the reference GT1b (Con1) rephcon “This variant did not replicate in
{ tshown is frum a cc!l lme assav DCV daclatasvtr EC 50% cfftctnve concentranon ECW 9(}% cffe mnccntratlon NA not apphcabie

:f,the transxent
~ ND, not deter

A‘ leveEs : :NSSA
s associated wsth DCV
, basehne in most patients
‘regardless of vu'ologlcal response, but most dld not; :

- ,'\robust resporxse with few v1ro¥og1cai fmlures among pr&
woasly;txeannent—nawe patlents. In prior non-responders
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'~ between baseline NSSA polymorphisms and response
to DCV-bas*cd therapy. Finally, all reported emergent
- DCV resistant variants persisted with no outgrowth by
~ consensus. baselme vxral sequences. The fitness of these,
~ NSSA resistance variants will requlre assessment in
: ,Ionger-term foIlow«up studies. L
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Abstract

Background We conducted a multicenter randomized
clinical trial to determine the optimal treatment strategy
against chronic hepatitis C virus (HCV) with genotype 1b
and a high viral load (G1b/high).

Methods The study subjects included 153 patients with
Glb/high. Patients were initially treated with PEG-IFNo-
2a alone and then randomly assigned to receive different
treatment regimens. Ribavirin (RBV) was administered to
all patients with HCV RNA at week 4. Patients negative for
HCV RNA at week 4 were randomly assigned to receive
PEG-IFNa-2a (group A) or PEG-IFNa-2a/RBV (group B).
Patients who showed HCV RNA at week 4 but were neg-
ative at week 12 were randomly assigned to receive weekly
PEG-IFNa-2a (group C) or biweekly therapy (group D).
Patients who showed HCV RNA at week 12 but were
negative at week 24 were randomly assigned to receive
PEG-IFNwu-2a/RBV  (group E) or PEG-IFNo-2a/RBV/
fluvastatin (group F).
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Results  Overall, the rate of sustained virological response
(SVR) was 46 % (70/153). The total SVR rate in the group
(A, D, and F) of response-guided therapy was significantly
higher than that in the group (B, C, and E) of conventional
therapy [70 % (38/54) versus 52 % (32/61), p = 0.049].
Although IL28-B polymorphism and Core 70 mutation
were significantly associated with efficacy, patients with
rapid virological response (RVR) and complete early
virological response (cEVR) achieved high SVR rates
regardless of their status of IL-28B polymorphism and
Core 70 mutation.

Conclusion In addition to knowing the IL-28B poly-
morphism and Core 70 mutation status, understanding the
likelihood of virological response during treatment is crit-
ical in determining the appropriate treatment strategy.

Keywords Chronic hepatitis C - IL-28B - Peginterferon
alfa-2a - Ribavirin - Response-guided therapy
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Introduction

The introduction of combined treatment with peginterferon
(PEG-IFN) and ribavirin (RBV) has dramatically increased
the rate of sustained virological response (SVR) in patients
with genotype 1 high virus titer chronic hepatitis C (HCV
RNA titer > 5 Log IU/mL), a disease generally considered
intractable, to approximately 50 % [1-4]. Currently, a
protease inhibitor, telaprevir, can be used for the treatment
of chronic hepatitis C, further increasing the SVR rate to
approximately 70 % after initial treatment; however,
adverse events such as severe anemia, dermatopathy, and
renal dysfunction due to increased creatinine level have
been reported [5, 6].

RBV is also associated with adverse events, such as
anemia, dermatopathy and taste disturbance, and these
events can be accentuated in elderly patients or patients
with renal dysfunction or anemia. In Japan, there are many
elderly patients with chronic hepatitis C and they often
cannot tolerate a treatment combination involving RBV
[7]. For such patients, PEG-IFN monotherapy could be a
treatment option. It has been reported that patients with
genotype 1 high virus titer chronic hepatitis C are more
likely to achieve SVR if their HCV RNA becomes negative
within 4 weeks after initiation of PEG-IFN monotherapy
(Rapid Virological Response: RVR) [8].

Patients receiving the PEG-IFNo-2a/RBV combination
therapy can also achieve an excellent SVR rate if their
HCV RNA becomes negative within 12 weeks after ini-
tiation of treatment, whereas the rate is known to
decrease with a delay in the timing of HCV RNA-neg-
ative conversion [3]. Based on these findings, we propose
the use of “response-guided therapy”, in which a treat-
ment regimen is modified according to viral kinetics. For
the treatment of genotype 1 chronic hepatitis C, proposed
treatment strategies include shortening of treatment per-
iod in patients with RVR and extension of treatment
period in patients with a delayed response to the initial
treatment as judged at week 12 [9-17]. For the treatment
of genotype 1 high virus titer chronic hepatitis C,
shortening of the treatment period may not be recom-
mended even if RVR is achieved because of a possible
reduction in the SVR rate, whereas extension of the
treatment period to 72 weeks has been reported to
increase the SVR rate in patients showing a delayed
response to the initial treatment [12, 14-18]. In addition,
combined use of HMG-CoA reductase inhibitors and IFN
has been shown to enhance the antiviral effects in a
synergistic manner [19]. Addition of fluvastatin (FLV), an
HMG-CoA reductase inhibitor reported to exhibit the
highest antiproliferative activity against hepatitis C virus,
to PEG-IFNa-2a/RBV combination therapy has improved
the SVR rate [20-22].

Factors affecting the efficacy of PEG-IFN/RBV com-
bination therapy can be divided into viral and host factors.
The viral factors include virus titer, genotype, amino acid
substitution at position 70 of the core protein (Core 70) and
mutations in the interferon sensitivity-determining region
(ISDR) in the HCV NSS5A region [23-27]. The host factors
include age, sex, the degree of liver fibrosis, and a single
nucleotide polymorphism (SNP) close to the IL-28B gene
[28-33].

We therefore conducted a randomized trial to explore
the optimal treatment strategy for patients with genotype 1
high virus titer chronic hepatitis C by comparing several
treatment regimens modified according to the concept of
“response-guided therapy” in consideration of tolerability
(PEG-IFNa-2a monotherapy, PEG-IFNa-2a weekly or
biweekly/RBV combination, and PEG-IFNa-2a/RBV/FLV
combination therapy). We also evaluated the relations of
I1.-28B polymorphism and Core 70 mutation to the rate of
HCV-RNA-negative conversion and SVR.

Patients and methods
Patients

The study subjects included 153 patients with genotype 1b
high virus titer chronic hepatitis C (HCV RNA > 5 Log
IU/mL) who visited 17 institutions from April 2007 to
December 2010 and met the following inclusion criteria:
laboratory data before study treatment of white blood
cell count > 3,000/mm>, neutrophil count > 1,500/mm>,
platelet count > 90,000/mm3, and hemoglobin > 12 g/dL.
Before the study treatments were carried out, all patients
gave written informed consent after receiving a sufficient
explanation of the therapy. All patients had genotype 1b
chronic hepatitis C with a mean HCV RNA titer of 6.4 Log
IU/mL. There were 63 male and 90 female patients with a
mean age of 56.5 years. Sixty patients had received prior
treatment with IFN, though it was ineffective in 30 of these
patients (Table 1).

Treatment protocol

The study design is shown in Fig. 1. After a lead-in therapy
with PEG-IFNa-2a 180 pg/week alone (for 4 weeks), RBV
was added to the treatment for patients without HCV
RNA-negative conversion (according to their weight;
< 60 kg, 600 mg/day; 60-80 kg, 800 mg/day; and >80 kg,
1,000 mg/day). Patients with negative HCV RNA (Tag-
Man < 1.2 Log IU/mL) at week 4 (rapid virological
response, RVR) were randomly assigned to receive
PEG-IFNa-2a alone (group A) or PEG-IFNa-2a/RBV
combination (group B). Patients with negative HCV RNA

@ Springer
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Table 1 Baseline characteristics of patients (n = 153)

Age (years) 56.5 £ 11.1
Gender (male/female) 63/90

HCV RNA (Log IU/mL) 64 + 0.7
BMI (kg/m?) 228 £33
ALT (IU/L) 60.5 + 41.3
AST (IU/L) 51.7 £ 31.5

93/60 (non-responder for 30)
72/32 (unknown for 49)
49/56 (unknown for 48)
54/38 (unknown for 61)
43/26 (unknown for 84)

Previous IFN (no/yes)

Fibrosis (FO-2/F3-4)

Activity (A0-1/A2-3)

Core 70 (wild/mutant)

IL-28B, rs8099917 (TT/non-TT)

Values are mean = standard deviation (SD)

BMI body mass index, ALT alanine aminotransferase, AST aspartate
aminotransferase

Patients with RVR

group A l PEG-IFNo.2a monotherapy

- randomized

_ PEG-IFNa2a biweekly/RBV |

& randomized

PEG-IFN 0.2a/RBV/FLV

week 0 week 4 week 12 Week 24 week 48

Fig. 1 Study design. After a lead-in therapy with PEG-IFNa-2a for
4 weeks, patients with negative HCV RNA at week 4 (RVR) were
randomly assigned to receive PEG-IFNa-2a alone (group A) or PEG-
IFNo-2a/RBV combination (group B). Patients with negative HCV
RNA at week 12 (cEVR) were randomly assigned to receive weekly
PEG-IFNo-2a/RBV combination (group C) or biweekly PEG-IFNo-
2a/RBV combination (group D). Patients with negative HCV RNA at
week 24 (LVR) were randomly assigned to receive PEG-IFNo-2a/
RBYV combination (group E) or PEG-IFNa-2a/RBV/fluvastatin (FLV)
combination (group F)

at week 12 (complete early virological response, cEVR)
were randomly assigned to receive weekly PEG-IFNa-2a/
RBV combination (group C) or biweekly PEG-IFNa-2a/
RBYV combination (group D). Patients with negative HCV
RNA at week 24 (late virological response, LVR) were
randomly assigned to receive PEG-IFNa-2a/RBV combi-
nation (group E) or PEG-IFNa-2a/RBV/fluvastatin (FLV)
combination (group F). For assignment, we used Microsoft
Access to generate random numbers.

@ Springer

Cases with RVR: evaluation of necessity of RBV
(PEG-IFNu-2a monotherapy versus PEG-IFNo-2a/RBV
combination therapy)

Patients with negative HCV RNA at week 4 after the
introduction of lead-in therapy with PEG-IFNa-2a alone
(RVR) were randomly assigned to receive PEG-IFNa-2a
alone (group A) or PEG-IFN-2a/RBV combination (group
B) to compare the efficacy and safety between the treat-
ment groups and to evaluate the significance of addition of
RBYV in RVR cases.

Cases with cEVR: evaluation of dosage interval
of PEG-IFNo-2a (weekly versus biweekly PEG-IFNa-2a
in combination of RBV)

Patients positive for HCV RNA at week 4 but negative at
week 12 (cEVR) were randomly assigned to receive
weekly PEG-IFNa-2a/RBV  combination (group C) or
biweekly PEG-IFNa-2a/RBV combination (group D) after
week 24, to compare the efficacy and safety between the
treatment groups and to evaluate the dosage interval of
PEG-IFNo-2a.

Cases with LVR: evaluation of clinical significance

of addition of fluvastatin (PEG-IFNua-2a/RBV combination
therapy versus PEG-IFNo-2a/RBV/FLV combination
therapy)

Patients with positive HCV RNA at week 4 and 12 but
negative HCV RNA at week 24 (LVR) were randomly
assigned to a treatment group of PEG-IFNo-2a/RBV
(group E) or PEG-IFNa-2a/RBV/FLV (group F) to com-
pare the efficacy and safety between the treatment groups
and to evaluate the significance of adding FL.V. The dosage
of FLV was set to 20 mg/day.

The primary efficacy endpoint was SVR. We also
investigated correlations of IL-28B polymorphism
(rs8099917) and Core 70 mutation with the rate of HCV
RNA-negative conversion and SVR. The IL-28B poly-
morphism and Core 70 mutation were measured only in
patients who wished to have this done. The genetic testing
(IL-28B) was performed only in patients who gave written
informed consent after obtaining the approval from the
ethical committee. This study was a multicenter trial, and
the numbers of patients with available HCV-RNA data
were different for the week-4, -12, and -24 responses,
because not all of the participating institutions completed
all of these time points. Therefore, the numbers of patients
with regard to IL28B and Core 70 mutation did not com-
pletely match at each time point.

If a decrease in the neutrophil count, platelet count, or
Hb level reached a critical level or other adverse events
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