— . N UK 25— MIB 2 RHTIR, HOV HEBE 0% HOV #i TR 2
POTHEWS T2 5 —ZHHENL I EPE, 2 Olo HCV M E i 30 41 LT
IS L7 2 kAW & AT S D,

NHUBRaF— FTiE, HCV RNA BEZR O ALT EREE L IFHET RiCowToMAE
ARSI, ALT EREFERE RS 723% (99 A/137 A), &ED569% (112 A/197 ) TH
h, AECRECBWTALT HEFENEr -4 /o BEOUGEE RO ITHED
MEr Tk, ALT EIFE 43 610 83.7% (36 #1) 1312 M REf YL 28 (chronic persistent hepatitis
CPH)OFTH TEH o 7248, ALT P EE 2R 105 TR Z D 42.9% (45 61) A3 B VE T E N 48
(chronic active hepatitis ; CAH)2B & % Wi % (liver cirrhosis ; LC) Td » 72 (¢
72 50 AR OB LR BT 3 &, BUOE ) FHFMBEROER SR ST LATRER T,

HIETH HCV ITIEER R R PR R v, —HC, BEOHEEETIR CHIFLOH
REEARIY I BDOPEI POV TEANTH o 720 FIT, WEMELS 10FFE- 72
2001 4E 42 il — I D 10 AEMNC L5 HCV BYEBOEBEME Lz & 24, HCOV HihBHR
1991 40> 331 % A 5 2001 A4 240% TR LT 7Py & (T 2o 10 4T 50 AL UL
ToOHCV HREERORTIAEE Th o722 805, O T 2EEZ IZHBIL
WinwboE#EZ Hhi,

T 72, 1991~2001 £ F T 10ERICHZ Y 16l MO Tz BURE LA, KFED
LA HCVIERGHTH L 2T HOEFIZB T, 107 B TFOEMAEICHH HCV ik
BiEFE RS SNl e b,  HOHBEEFICBWTIE, CHEFREEOfEBmIELE

P HCV RNA & ALT D & H7-BHE#AT R

8 (88.9%) 3(7.0%) 0 (0.0%)

1(11.1%) 36(83.7% 15(14.3%)

0 (0.0%) 4(9.3%) 45(42.9%)

0 (0.0%) 0 (0.0%) 30(28.6%)

0 (0.0%) 0 (0.0%) 15(14.3%)
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O TENWZ EFHE, &R o,

Hivhiud, ARz — PFEARNERO 21 i COE (center of excellence) 71 775 A WIHHR
SN BRI UE Y — 57— T WHRLB ), CEIFROWRERIZEET 5 85 TFET
OB TIHERTAHZ L L L BT TWAB 7 4T 4 FEMAH (genome-wide associa-
tion study | GWAS) TR 4D - 7275 HCV EHHE O VIS5 ¥ 2 s sy o —h
% T (single nucleotide polymorphisms ; SNPS) # i L72& 24, HCV RNA Bk & &
9% 20SNPs, BIUHCV F+ U 70 ALT HHEE L BHRT 2 15SNPs # 2001 £ RH L.
HCOV BROBRBICE S EFSERBENFOHEET 5 TEEELZBRE LY, 2020 1>
2, TBEGEIRETEINT (transforming growth factor 1 TGF)-f @70 E— % — SNP(-509T/C)
B o7z, TOSNPIE, TG #EFLEETRD LT ENTVE Y ZFARTF FX
@ Prol0Leu B L (T @IEHAEHTH D, -500C 7 L VO F T F LN D geno-
type AT HRBEROPSTEICL w2 LA L7z, Prol0/-509C 1 TGF- O EFEIEO N
TayATEEZLN, IROOFEENS TCF-AEREHOEE T HCV OBHEIE & 4
VI EHRRENLY, ZOR2009FIZ, CRUBVIFROEHY 1 b AGHEDRICERT S &
Wi shimEREF 4 >~ % —a4 F > (interleukin : IL)-28B @ SNP 2%, AaFk— FZBwnT
LEABEICRCEEL TWE I e ho Ty 510D,

hY

. j/’

b A~ bR O TE, HOV BREE Cld/z & 2 ALT EINEHR T b R LasE A
TVBIERECEFANLNTWAIY F U ATHHA, bivhitld 2006 % TOEMH
b i, B U CFBRIER (ALTE30IU/L UF) O HCV ¥+ Y 7 TR EDBEDHE
TALT AFHEMICER TH AP onTlRE Lz, ZO8E, 239 AOHEREIERFICSE
VA NEEERE R R (ALT 48 31 TU/L DL L) I3RS 423% 12 LA 2 A B AL 8, & <IT65
FER D X O Tk, ook — RBEPIC A BRI S W S L Al L2,

Mok — MEFE TR P LR L Y RS E2E R LT A IR L, R
WIZ D EH 500, 20114EI0EaR— FHBP S 20480 ALT EOREIZOWT ret-
rospective 2RI L 70 1991~1995F £ T A7 ) —= v 7t B8V THCY RNA B#c
72 600 AD ALT % ATHS £, 204 H D) 1220 53%2° ALT i 31 IU/L koL
BE o TOR®, SO Eds, HCV F v 7 TR ZFREDO 7 4 07 v 7
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5,“%1%%.5%5’9“%.? EREREN

0.96~4.06 0.07
10.26 3.10~33.96 p<0.01
2.22 1.19~4.13 0.01
0.60 0.47~0.76 p<0.01

Cox HfING— FEFN
HR: N\~ REHE, 95%C1: 96%ERE,. C.0. : cut-off-index

DIETH DI WD THRBENT.

I E TIEMERREAT LB O HCV &4 5 O ARHHEOERIZ oL TIEARHET
BHotze HOV HFMBHE DRPTO AV AOBRIEBOFTEE ZOHE L MYIT 5 2 L3
BB EIRT S5 ) A TERTH D, €I THHHACY a2k~ FONETH L 20 5 YLL
7925 AH, HCV RNA ¥ TH - 72 846 AlTHB VT, HCV BEOHKHEZIRLZ 2 %
HEyZ, 2k— MEES SO 4 VA RARPRRIZ O W TR L7210,

B R T LZZ L, 37 4V ARBRRE 475 AP 612994, 9B
M 168202 4) I &IC, FAEMNIC TagMan® HCV(T 23z Cilitby A L 28 &2 ME L
72& 2 %A, Kaplan-Meier #:12 X 2 i HCV RNA B AREEALEII SET43%, 04T
51%. 15FET71% Thots, TOTFT—F % b LIAFEIL D 21T -/2L 25, HCV
Fu ) TIEFOBRERO 06%/year person FEEOIERE THABER XL T A 0N H 5
ZEMNBEOhE R oz B Cox LPINF— FEF N EH T HCV RNA EPLIZE S
BRFEHWMLIETA, ZITHETH H & & HCV HLA D cut-off-index 25K i T2
BT LD, HCV AR L PR L Tz B YA NGRS e A AN N AR P

o) & OFFEI T, 7 4 VA BRBERRAITIE HOV MAIES 4 (neutralization of binding :
NOBM LA A ST TeAT &R LIz, TLORERS, HRI A VABBRIHREN
BIENTEALLBVEZEZ LN T HOVFRBEEZICB T, BB ICH IS B %R
SNLHNH D EAHBEL 2,

HCV BREFLOFHEO—EPHOAIIT 5 T, BHRRS T8 552 02004 IE MBI
FEHEF-TBYH, INFT8 AOWEBBAF SN TS, INERIX genotype 1b 2°69%, 2b
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(%)
20 -

ALT>60 1U/L
¥

15 = p<0.001 Jlong-rank test)

10+

30 IU/L<ALT=601U/L

HF

ALT=301U/L

0.00 2.50 5.00 7.50 000 1250 ()
HREHR

YIEERE ALT fECFTREE

Kaplan-Meier %

ARIK— MBI DHRBICITSET 2EF

17(0.9~3.2)

18.0(4.5~80.1) <{(.001
6.3(1.4~28.2) 0.016
24(1.2~48) 0.012

Cox tiny— KEFIL
* RS, FHE. BLELRETHE
(3CHk 15) L4518

A% THY, 22 POHOREIRO LD -7 BREFEANELETATARLE, 1000 AMEHD
351 ABESS A, U35 N EBEVHEFETHIESALNDE Z b oz T
ALT M CHRBEREATHRS L, ALT 60 TU/L LES & UF30~60 [U/L 0§ CH #12 JFHN
DEBOINAE ), oS ¢ ARFEPE genotype Ib BL U ALTHTH o7 (58 4)15,
X542, HCV YD BRI T MZ TR DWW T, HCV MBS 1078 A B2
B HREOMNEETC REEHEEL LSO IR MBI 2 EGTRRAEL
FEMHMEE T 7213, FOHE, BZEWGY 6T 178 £ORBTIE, HCV RNA BEHE
Gt T ST AT O S BT o 72 (134% vs. 45% 1 p<0.01) .

IhFET, BRBEBEN—-2CLEFLEaR— bRTEEFORPFRE T, HCOV I
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Re, GRHY A WA TT & 4 L AT 55 TSR IR ERIC DWW T
WELTELD, FOVTRDL A hospital-based study THESNAVWF — ¥ Th-olz. 208
hzdbhvbho s~ PRSI, HCVIEEOHS, ACV REEBE:FEE T 0O
B, FrUT7IBTLTA VARG IRELS L, b ENIB) A HCV B0 RElo
MO REHTELDOLEZ S, FRRCINSOMENSIE, Wbtz A— Mk 18
TENFIBOR P B0 720 O BEEERANDOEIRN A O LERDYH TRIZ EN 20 DAEETERKIZ
HLHCV BEFIOEELARBINTEY, TORREREENLOTHLILrL, Z0
X3 iz BT A HOV ¥ % U 7 O offE - BEE N 5.

—FH T, ZIEEOGWASIZL D, EHEOEY HOV REMHEELET S ERA O P B
LIk oz INLOBIEFLEIL, MHENTOB LI LY A L 2 BEESETFUET T
HEHENY TR, CHFEORBIIEIACEE L T AW Ik — Mgt s bEL
LY Oo0BH B EED CEINEZOMBRHLDUE - HREOLEFIZEAREILVLONFD
A, Ihe ok~ MR E LT, HCVBERRROZOOEDHWF ~4 v T 4 A —
TarvPELIIREINL T LAITFL 2w,

A

&

éun

f
FEPHEAZLIZHE0, WEERE T k- FMHEOREE» LBEFECELT IR, TigE W77
WP FOF A L3 (BOng, AR, 2 ZPEBD .

FET QUS> & —), LR QB RFESHNMLEARE), 5 ARE (L AT & 5

B, Fil--ERGFIERD), WM GREOEARR), 0F BOIZERIRLEED . Filiti— L
KREERETAALE), REER (UL M be) . FHA QLB dbmbe), BRI EE
FETHALENFLE), AR BEOMTFERD, BIEROIEAZRESEBHECHARE. g B0
RER). Afek BB LY & —), TEEG(ATERBREHE). S B REETH
THLEARLE), B DOUWERZEFEAREEE), SH—2 0 ENESBRER. SRR (Z
Wike), SORTER LB IR Rk, SHARRIE (FARESAHE), RE L(AVEBEAGHED, Rl
Ff O PR LR, LB CLIRE), BT QIR GNEF), Pih
FF (BB E AR, WA QLIS R RIR SRR rIR ), SFRUAN GLE REBE R LR
PURRE), IRESGEF (GRS, B R ESIBHANR), BEREH(E G LNE B

U=y 7)), =REFC(A@ SR, ZHEHFQIBRHEE R v o —), G- HAngBRo )
7)), WHRAETERFEFRIMERAR LB R), W3 SOUEREEF S LR
FERHIBIED, FERRLIE (B ARFPREMELGRNEEBHN R, B R RORALFRDF S A
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Not Be Detected by the Cobas

AmpliPrep/Cobas TagMan HCV Test, Version 1.0

Tsunamasa Watanabe,® Takako Inoue,® Yasushi Tanoue,® Hisato Maekawa,® Susumu Hamada-Tsutsumi,? Shinsho Yoshiba,*

Yasuhito Tanaka®®

Department of Virology and Liver Unit® and Department of Clinical Laboratory,” Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan; Department

of Gastroenterology, Sempo Takanawa Hospital, Tokyo, Japan®

ccurate hepatitis C virus (HCV) RNA quantification is essen-
tial for the management and efficacy of treatment of chronic
hepatitis C. The HCV RNA level is assessed using real-time PCR-
based assays. Two highly sensitive commercial assays for HCV
RNA quantification are available in many countries: the Roche
Cobas AmpliPrep/Cobas TagMan HCV assay (CAP/CTM HCV)
(Roche Molecular Systems, Inc., Pleasanton, CA) and the Abbott
RealTime HCV assay (ART HCV) (Abbott Molecular, Inc., Des
Plaines, IL). Despite its good performance with most HCV strains,
the CAP/CTM HCV test version 1.0 (v1.0) fails to detect genotype
4 strains with single nucleotide polymorphisms at positions 145
and 165 in the 5" untranslated region (5’ UTR) (1). HCV genotype
4 is restricted to particular geographical areas, and many coun-
tries, including Japan; continue to use CAP/CTM HCV v1.0 to
monitor HCV RNA quantification.

We report two Japanese patients with HCV genotype 2a in
whom HCV RNA was undetectable by CAP/CTM HCV v1.0, al-
though hepatitis C viremia was confirmed by the ART HCV test
(4.0 and 5.0 log,o IU of HCV RNA/ml) and the Architect HCV

core antigen assay (Abbott Diagnostics, Lake Forest, IL) (95 and
107 fmol/liter). This failure could be related to two or three sub-
stitutions in the putative binding site for the TagMan probe (Fig.
1). The substitutions are at position 145, as described for HCV
genotype 4 (1), and positions 158 and 169, which have not been
reported previously.

Underestimation of HCV genotype 2 RNA by CAP/CTM HCV
v1.0 has been reported previously (2), but failure to detect HCV
genotype 2a RNA is critical as this genotype is the second most
common HCV genotype. Recently, a second version of the assay,
CAP/CTM HCV v2.0 (3), with redesigned primers and an addi-
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o ; -13

GCAGAAAGCGTCTAGCCATGGCGTTA
Forward Primer

______________ {
%TAG&TCTGCGGMCC@ST~AGTACA

TagMan probe

[GCLCCCCGLR

TTGTGCTACTGCCTGATAGGGTGCTTGC
Reverse Primer

FIG 1 Alignment of HCV 5'-untranslated sequences for two patients with HCV genotype 2a, in whom HCV RNA was undetectable by the CAP/CTM HCV v1.0
assay, against the sequence of a reference HCV genotype 2a strain (JFH-1). Nucleotide substitutions were found in the patient’s sequences compared to the
reference sequence: G to A at position 145 and Cto T at position 169 in both cases and G to A at position 158 in case 2, within the putative binding site of the
TagMan probe. Primer and probe sequences were obtained from the Japanese Patent Office (patent no. 4638388).
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Letter to the Editor

tional probe, has been released in Western Europe and the United
States to resolve the problem of underestimation of HCV geno-
type 4 viral RNA (4). CAP/CTM HCV v2.0 detected and quanti-
fied the HCV genotype 2a RNA in the two specimens that were not
detected by v1.0 at 4.17 log;, IU/ml and 5.05 log,, IU/ml. These
values are comparable to that obtained by the Abbott Real Time HCV
test. Clinicians need to be aware that the Roche Cobas TagMan HCV
test v1.0 may fail to provide a viral RNA result for genotype 2a, and if
RNA results are discrepant with clinical findings, they need to con-
firm the HCV viral load using an alternative assay.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers for the nucleotide sequences are AB853937 for
case 1 and AB853938 for case 2.
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Abstract

Objectives: This study explores viral factors of the interferon
(IFN) and ribavirin (RBY) resistance-determining region
(IRRDR), the IFN sensitivity-determining region {ISDR) and
the core protein, and host factor interleukin 28B associated
with response to pegylated IFN (PEG-IFN) and RBV combina-
tion therapy, and the correlation of viral and host factors
with I[FN-A1. Methods: A total of 58 patients underwent PEG-
IFN/RBV combination therapy for 48 weeks. The pretreat-
ment factors associated with rapid virological response
(RVR) and sustained virological response (SVR) were ana-
lyzed. Pretreatment IFN-A1 serum levels were compared
with the viral and host factors. Results: Univariate analysis

showed that IRRDR 26 and ISDR =2 were significant pre-
treatment predictors of RVR, and multivariate analysis identi-
fied IRRDR 26 and hemoglobin as significant predictors of
SVR. Pretreatment IFN-A1 was significantly higher in the SVR
group than in the non-SYR group and also in the IRRDR 26
group than in the IRRDR <5 group. Condlusions: IRRDR =6
was the only significant predictor of SVR and was correlated
with IFN-A1. High serum levels of IFN-A1 may be conducive
to effective PEG-IFN/RBV combination therapy because of
the immunomodulatory system. © 2013 5. Karger AG, Basel

introduction

Although the triple therapy of combined pegylated in-
terferon (PEG-IFN), ribavirin (RBV) and protease inhib-
itors has already been initiated, PEG-IEN and RBV com-
bination therapy for chronic hepatitis C virus (HCV) in-
fection with a high viral load of genotype 1b, the standard
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treatment in Japan since 2004, provides sustained viro-
logical response (SVR) in only approximately 50% of
such patients [1]. Single-nucleotide polymorphisms
in proximity to the interleukin 28B (IL-28B) gene
(rs8099917, 1512979860) on chromosome 19 is reported
to be a host-related factor of virological response to
PEG-IFN and RBV combination therapy [2-4]. In re-
cent vyears, viral factors such as the core protein, non-
structural protein 5A (NS5A), the IFN sensitivity-deter-
mining region (ISDR) and the IFN/RBV resistance-de-
termining region (IRRDR) [4-8] have been associated
with virological response. Nonetheless, the mechanism
of how these host and viral factors affect viral clearance
has not been precisely elucidated to date.

IFN-A1 is considered to be associated with the inhibi-
tion of the replication of HCV by an immunological
mechanism [9, 10]. Few studies, however, have demon-
strated the correlation among IFN-A1 serum levels, the
clinical outcome of PEG-IFN and RBV combination
therapy, and viral and host factors. We investigated the
viral and host factors associated with response to PEG-
IFN and RBV combination therapy and the correlation of
viral and host factors with IFN-A1.

Patients and Methods

Patients

A total of 58 patients (32 men, 26 women; age 57.3 + 10.4 years)
seen at Kobe Asahi Hospital and diagnosed with chronic HCV and
high viral loads of genotype 1b were enrolled in the study. Patients
demonstrating hemoglobin levels 211 g/dl (women) or 212 g/dl
(men), platelet count 29 x 10%mm?®, HCV RNA 25.0 log IU/ml,
neutrophil count 21,500/mm? and thyroid-stimulating hormone
levels within normal limits were included in the study; those dem-
onstrating human immunodeficiency virus or hepatitis B coinfec-
tion, creatinine clearance <50 ml/min, liver disease other than
chronic hepatitis C, evidence of advanced liver disease, preexisting
psychiatric conditions, or a history of severe psychiatric disorder
were excluded.

Treatment comprised PEG-IFN-a2b (1.5 pg per kilogram body
weight, once a week) plus RBV (600~ 1,000 mg daily, based on body
weight) for a total of 48 weeks, according to the standard treatment
protocol for Japanese patients. Informed written consent was ob-
tained from each patient and the study protocol conformed to the
ethical guidelines approved by the Ethics Committee of Kobe Asa-
hi Hospital.

Laboratory Tests

HCV RNA was extracted from 140 pl of serum with the use of
a commercially available kit (QIAmp viral RNA kit; Qiagen, To-
kyo, Japan). Amplification of full-length NS5A and the core re-
gions of the HCV genome was carried out as described {5}, The
sequences of the amplified fragiments of NS5A and the core regions
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Table 1. Patient baseline characteristics

Age (years) 57.3%104
Sex (male/female) 34724
BMI 22.6+3.8
HCV-RNA (log IU/ml) 6.0+0.6
ALT U/ 54.8+64.0
y-GTP (U/) 57.0+64.7
Hemoglobin {g/dl) 13.7+£1.98
Platelets (x104/mim’) 16.0+5.0
Total cholesterol (mg/dl} 174.0£34.0
1L-28B (major/minor) 43/15
IFN-A1 {pg/ml) 31.0424.2
ISDR (22/<1) 14/44
IRRDIR (26/<5) 22136
Core aa 70 (arginine/glutamine) 39/19
Core aa 91 (leucine/methionine) 39/19

Data are shown as number {n) or mean + SD.

were determined by direct sequencing without subcloning. The
amino acid (aa) sequences were deduced and aligned with the use
of GENETYX Win software version 7.0 (GENETYX Corp., Tokyo,
Japan). Genetic polymorphism rs8099917 around the IL-28B gene
was determined by real-time PCR using the TagMan assay. We
defined the IL-28B major allele as homozygous (TT) for the major
sequence and the minor allele as homozygous (GG) or heterozy-
gous (TG) for the minor sequence. IFN-AT was assayed before ini-
tiation of therapy and at 4, 12 and 48 weeks after therapy by ELISA
Ready-SET-Go (unit, pg/ml; NatuTec, Frankfurt, Germany).

Statistical Analysis

Rapid virological response (RVR) and SVR were defined as un-
detectable HCV RNA at weeks 4 and 24, respectively, after treat-
ment. The potential pretreatment factors associated with virologi-
cal response and comprising age, sex, BMI, HCV RNA load, ala-
nine aminotransferase (ALT), y-glutamyl transpeptidase (y-GTP),
hemoglobin, platelets, IFN-A1, single-nucleotide polymorphisms
in the IL-28B gene region, mutations in NS5A - especially those in
ISDR(ISDR 22 and ISDR <1) and IRRDR (JRRDR 26 and IRRDR
<5} - and mutated core protein amino acid substitutions at aa 70
of arginine (Arg70), or glutamine (GIn70), and at aa 91 of leucine
(Leu91), or methionine {Met91), were examined. Factors associ-
ated with virological response were assessed by univariate analysis
using Student’s t test, Fisher’s exact test or x* test, and by multi-
variate analysis using logistic regression analysis. The factors in
multivariate logistic regression analysis were included in descend-
ing order according to correlativity. The most appropriate model
was chosen by AIC (Akaike Information Crietion), We compared
pretreatment IFN-A1 in the IRRDR 26 and IRRDR <5 groups, in
the ISDR 22 and ISDR <1 groups, in the IL-28B T'T" genotype for
the major sequence and in the IL-28B GG genotype and TG geno-
type for the minor sequence, and in the core protein (aa 70 and aa
91) wild and mutant. Variables with a p value <0.05 were consid-
ered statistically significant. Alf statistical analyses were carried out
with the use of Excel Statistics 2011 by SSRI.
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Tabfe 2. Correlation of baseline characteristics with clinical out-
come of RVR and non-RVR

Table 3. Correlation of baseline characteristics with clinical out-
come of SVR and non-SVR

RVR Non-RVR  pvalue SVR Non-SVR p value

Age (years) 48.6+6.2 58.2+10.7 0.054 Age (years) 53.7+10.1 60.3.£9.9 0.015
Sex (male/female} 4/1 27723 0.373 Sex {male/female} 20/6 14/18 0.016
BMI 21.8%1.5 229440 0.536 BMI 23.0x3.7 22.3%39 0.484
HCV-RNA (log IU/ml) 58+0.8 6.0+0.56 0.303 HCV-RNA (log 1U/ml) 5.9+0.7 6105 0.300
ALT (U 141441789  47.2+36.2 0.304 ALT (U 54.0+38.8 55.6+79.5 0.926
y-GTP (U 99.6467.9 49.7+61.0 4.090 v-GTP (U/D) 72.2+87.6 44.6+338 0.14
Hemoglobin (g/dl) 14.0£1.7 13.7x1.8 0.707 Hemoglobin (g/dl) 14.6x1.5 13.0+1.6 <(.01
Platelets (x10%/mm?) 16.0£5.8 16:044.8 0.982 Platelets (x10%/mm?) 17.1%4.8 152450 0.135
Total cholesterol (mg/dl) 158£30.2 17464341  0.354 Total cholesterol (mg/dl) 173.54332  174.3+35.0 0.941
IL-28B (major/minor) 510 35715 0.308 [1.-28B (major/minor) 2472 19/3 0.008
IFN-AT (pg/ml) 24.9+10.4 31.3x253  0.582 IFN-AT (pg/ml) 38.8:£29.3 24.7£17.2 0.037
ISDR (22/<1) 4/1 10/40 0.012 ISDR (=2/<1} 8/18 6/26 0.36
IRRDR (z6/<5) 510 15435 0.004 IRRDR (26/<5) 18/8 4/28 <0.01
Core aa 70 Core aa 70

arginine/glutamine 312 32/16 1 arginine/glutamine 20/5 17/14 0.087
Core aa 91 ‘ Core aa 91

leucine/methionine 411 33/17 1 leucine/methionine 19/7 20/12 0.412

Data are shown as number {11} or mean * S, Bold p values are
significant.

Data are shown as number (n) or mean + SD. Bold p values are
significant.

Results

Patient baseline characteristics are listed in table 1.
RVR was observed in 8.6% (5/58) and SVR in 44.8%
(26/58) of the patients. ISDR 22 and IRRDR 26 were sig-
nificantly associated with RVR as assessed by univariate

most significantly correlated with RVR, which was from
biased data of distribution (table 2). As a result, we were
not able to conduct multivariate analysis for RVR. By uni-
variate analysis, the significant factors associated with
SVR were age, sex, hemoglobin, 11.-28B major, IRRDR 26
(p = 0.015, p = 0.016, p < 0.001, p = 0,006, p < 0.001, p =
0.037; table 3). The pretreatment IFN-A1 serum level in
SVR was significantly higher than in non-SVR (38.8 vs.
24.7 pg/ml, p = 0.037; table 3). By multivariate analysis,
hemoglobin and IRRDR 26 were significantly associated
with SVR {p = 0.02, p = 0.005; table 4). Pretreatment
IFN-A1 was significantly higher in the IRRDR 26 group
than in the IRRDR <5 group (40.5 vs. 25.2 pg/ml, p =
0.041; fig. 1), but demonstrated no significant difference
between the ISDR 22 group and the ISDR <1 group (37.2
vs. 29.1 pg/ml, p = 0.45; fig. 1), among the IL-28B TT ge-
notype group, the TG genotype group and the GG geno-
type group (TT vs. TG, 33.4 vs. 24.6 pg/ml, p = 0.26; T'T

Response to Combination Therapy and
Mechanism of Viral Clearance

Table 4. Factors associated with SVR by multivariate analysis

Oddsratio  95% CI p value
Age (years) 0.9247 0.85-1.01 0.0678
Sex 5.4742 0.44-68.64 0.1876
Hemoglobin 2.4704 112543 0.0244
11.-28B {major/minor) 5.1960 0.60-45.1¢  0.1350
IEN-AL {pg/ml) 1.0230 0.98-1.07  0.2758
IRRDR (26/55) 16.9320 2.39-119.77  0.0046

Bold p values are significant.

20.8 pg/ml, p = 0.82; fig. 1), and between core protein wild
and mutant of aa 70 and aa 91 (aa 70 wild vs. mutant, 30.8
vs. 30.0 pg/ml, p = 0.91; 22 91 wild vs. mutant, 34.6 vs. 23.7
pg/ml, p = 0.05; fig. 1).

Discussion

Pretreatment factors significantly and independently
predictive of the outcome of treatment of patients infected
with high viral loads of HCV-1b are IL-28B major geno-
type (TT) as a host factor [11], and substitutions of aa 70

Diig Dis 2013;31:421-425 423
DO 10.1159/00035523%
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IFN-AL (pg/mi)

Fig. 1. Comparison of IFN-A1 in the JRRDR 26 and IRRDR <5,1SDR
22 and ISDR <1, IL-28B, core aa 70 and core aa 91. Pretreatment
IEN-A1 was significantly higher in the IRRDR 26 group than in the
IRRDR <5, but demonstrated no significant difference between the
ISDR 22 group and the ISDR <1 group, among the IL-28B TT ge-
notype group, the GG genotype group and the TG genotype group,
between core protein wild and mutant of aa 70 and aa 91.

and aa 91 in the HCV core region, and high sequence vari-
ations in IRRDR (26) and in ISDR (22) as viral factors {4,
5,7, 8, 11]. By univariate analysis, our study showed that
ISDR and IRRDR were significant pretreatment predic-
tors of RVR, and by multivariate analysis that IRRDR and
hemoglobin were significant predictors of SVR. Because of
the small number of RVR patients in our data, we were not
able to carry out multivariate analysis for identifying RVR
predictors. Our results support a previous study [12], and
by univariate analysis we demonstrated a significant cor-
relation between high pretreatment IFN-AL serum levels
and SVR, but were unable to do so by multivariate analysis.
On the other hand, although we were unable to demon-
strate 11.-28B as a predictor of SVR, some studies have
demonstrated it as a positive predictive factor [2, 13, 14].
The level of IFN-A1 has been reported to be signifi-
cantly higher in carriers of the IL-28B major genotype
than in those of the IL-28B homozygous minor sequence
[9]. In the present study, the level of serum IFN-A1 was
higher in carriers of the IL-28B major genotype (TT) than
in those of the IL-28B homozygous (GG) and the hetero-
zygous (TG) minor sequence, but not significantly differ-
ent (p = 0.48, p = 0.26). Because the number of carriers of
the IL-28B homozygous allele (GG) was small (n = 2), we
compared the level of serum IFN-A1 in the IL-28B major

424 Dig Dis 2013;31:421-425

DOL 10.1159/000355239

homozygous allele (TT) and in the IL-288 minor homo-
zygous (GG) as well as in the heterozygous (TG) allele.
Nonetheless, for unclear reasons, no significant associa-
tion was observed between a high level of serum IFN-A1
and IL-28B major (major 33.4 pg/ml, minor 24.1 pg/ml;
p = 0.20; data not shown). Further study is needed to clar-
ify the relation between IL-28B and IFN-A1.

1t is well known that the antiviral mechanism of IFN
comprises two phases [15, 16]. The first is direct inhibition
of viral replication mediated by a number of proteins in-
duced through the activation of the JAK-STAT pathway,
including double-stranded RNA-activated protein kinase,
myxovirus resistance gene A and 2',5-oligoadenylate syn-
thetase, which block translation, block replication and de-
grade viral RNA, respectively [17-21]. The second is an in-
direct antiviral mechanism mediated by the stimulation of
the host cell-mediated immune function including the cy-
totoxic T cell. The fact that IFN-A1 significantly downregu-
lates the secretion of IL-13 but elevates IFN-y suggests that
TEN-Alisrelated to an elevation of the Th1 response accom-
panied with a decrease of the Th2 response [10]. High levels
of IFN-A1 predispose to spontaneous resolution of HCV
infection because of an elevation of the Thl response [9].
Also, IFN-A1 upregulates the chemokines MIG (Monokine
induced by IFN-y), IP-10 (IFN-y-inducible protein 10) and
I-TAC (IFN-inducible T cell a-chemoattractants), which
are antimicrobial chemoattractants in peripheral blood
mononuclear cells [22]. Taken together, these data suggest
that IFN-A1 stimulates the immunomodulatory effect [23].

The epitope located at position 2416, at a distance of 37
aa from IRRDR has been identified as an HLA-A26 CD8+
T cell epitope [24], which was targeted in all patients ex-
amined with acute resolving HCV infection. Therefore,
IRRDR is regarded as the area (NS5A) related to immune
function [5]. Our data demonstrated that IRRDR was sig-
nificantly associated with IFN-AL. From the above results,
we infer that the achievemnent of SVR int patients with high
IFN-A1 levels is associated with the immunomodulatory
system. Because of the small number of patients in our
study, analysis in a large-scale multicenter study is needed.
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Abstract

Objective: We investigated the impact of host genetics rep-
resented by the single nucleotide polymorphism (SNP) of
the IL288B gene and viral genetic variations within the non-
structural protein 5A {NS5A) [including the interferon (IFN)/
ribavirin (RBV) resistance-determining region (IRRDR) and
the IFN sensitivity-determining region (ISDR)] on the out-
come of pegylated IFN and RBV (PEG-IFN/RBY) treatment.
Methods: Sixty-six patients infected with hepatitis C virus
(HCV)-2a or HCV-2b who received PEG-IFN/RBV for 24
weeks were examined. Resulfts: In HCV-2a, the major geno-
type of IL28B SNP showed a tendency toward association
with sustained virological response (SVR) and rapid virolog-
ical response (RVR), and four or more mutations in IRRDR
(IRRDRI2a] =4) and one or more mutations in ISDR plus its

carboxyl-flanking region (ISDR/+C[2al = 1) were significant-
ly associated with SVR and RVR. in HCV-2b, one or more mu-
tations in the N-terminal part of IRRDR (IRRDR/N[2b] 21)
were significantly associated with RVR. Multivariate analysis
identified the major genotype of IL28B SNP and IRRDR[2a]
>4 as independent predictive factors of SVR in HCV-2a, with
IRRDR[2a] 24 being more powerful than the IL28B SNP.
Also, IRRDR[2a] 24 in HCV-2a and IRRDR/N[2b] 2 1in HCV-2b
were significant determiners of RVR. Conclusion: The NS5A
sequence heterogeneity and IL28B SNP are useful factors to
predict the sensitivity to PEG-IFN/RBV therapy in HCV-2a
and HCV-2b infections. © 2013 5. Karger AG, Basel

Introduction

In Japan, patients infected with hepatitis C virus
(HCV) genotype 1b constitute about 70% of total HCV
infection; the rest are infected with HCV-2a (25%) or
HCV-2b (5%) [1]. The protease inhibitor, telaprevir, ap-
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proved in November 2011 by the Ministry of Health, La-
bor and Welfare, Japan, has shown sustained virological
response (SVR) of more than 70% in HCV patients with
high viral loads of genotype 1b [2].

Currently, combination therapy with pegylated interfer-
on and ribavirin (PEG-IFN/RBV) is the standard treatment
for chronic hepatitis C (CHC) patients infected with HCV -
2a and HCV-2b. Patients infected with HCV genotypes 2
and 3 and treated with PEG-IFN/RBV show higher rates of
SVR than those infected with HCV genotype 1 [3-5].

Sequence variations within a region in the nonstruc-
tural protein 5A (NS5A) of HCV-1b, defined as the IFN
sensitivity-determining region (ISDR) [6] and the IFN/
RBV resistance-determining region (IRRDR) [7], show
correlation with IFN responsiveness.

In addition to the NS5A sequence variation, HCV core
protein polymorphism has been proposed as a pretreat-
ment predictor of poor virological response in HCV-1b-
infected patients treated with PEG-IFN/RBV [8]. Host ge-
netic factors associated with response to PEG-IFN/RBV
therapy for HCV-1b and a high viral load are single nucleo-
tide polymorphisms (SNPs) located in interleukin (IL)28B
(rs8105790,rs11881222,1s8103142,1528416813,1s4803219,
r$8099917, 157248668 and rs12979860) on chromosome 19
[9-12]. Moreover, on-treatment factors are mainly related
to viral kinetics within the first few weeks of treatment [13].

At this stage, however, it is not clear whether NS5A se-
quence variation, including ISDR and IRRDR, core protein
polymorphism, 1L28B SNP and viral kinetics, are predic-
tive of treatment outcome in HCV-2a and HCV-2b infec-
tions. In this context, we have recently reported that se-
quence heterogeneity within IRRDR of HCV-2a isolates
(IRRDR[2a}} or within its N-terminus of HCV-2b isolates
(IRRDR/N{2b]) is closely correlated with treatment re-
sponses, and that sequence heterogeneity within the ISDR
plus its carboxyl-flanking region (ISDR/+C[2a]) is signifi-
cantly associated with SVR in HCV-2a infection [14]. To
further expand these observations in the present study, we
investigated the effect of host genetics represented by 1L.28B
SNP, the viral kinetics and the viral genetic heterogeneity
in NS5A, and the core protein on the outcome of PEG-IFN/
RBV treatment in HCV-2a and HCV-2b infections.

Materials and Methods

Patients

A total of 66 patients chronically infected with HCV-2a (n =
35) and HCV-2b (n = 31) seen at Kobe Asahi Hospital and Kobe
University Hospital, Kobe, Japan, were enrolled in the study. The
HCV subtype was determined according to the method of Oka-

Response to Combination Therapy for
HCV Genotypes 2a and 2b

Table 1. Proportion of various virological responses of HCV-2a-
and HCV-2b-infected patients to PEG-TFN/RBV treatment

Response Proportion

All HOCV-2a HCV-2b

{n = 66) (n=35) {n=31)
RVR 44 (67) 23 (66) 21 (68)
Non-RVR 22{33) 12 (34) 10 (32)
EVR 62 (94) 34 (97) 28 (90)
ETR 63 (95) 34 (97) 29 (94)
SVR 48 (73) 28 {80) 20 (65)
Non-SVR 18 (27) 7 (20} 11(35)

Figures in parentheses are percentages.

moto et al. [15]. Inclusion and exclusion criteria were as follows,
patients demonstrating hemoglobin Jevels 211 g/dl (women) or
212 g/dl {men), platelet counts 29 x 10%/mm?®, HCV RNA 25.0log
IU/ml, neutrophil count 21,500/mm’ and thyroid-stimulating
hormone levels within normal limits were included in the study;
those demonstrating human immunodeficiency virus or hepatitis
B virus coinfection, creatinine clearance <50 ml/min, cause of liv-
er disease other than CHC, evidence of advanced liver disease, pre-
existing psychiatric conditions or a history of severe psychiatric
disorder were excluded. All of the patients were treated with PEG-
IEN a-2b (Pegintron®; Schering-Plough, Kenilworth, N.J,, USA;
1.5 mg per kg body weight, once a week, subcutancously) and RBV
(Rebetol®; Schering-Plough; 600-800 mg daily, per os), for 24
weeks according to the standard treatment protocol for Japanese
patients established by the hepatitis study group of the Ministry of
Health, Labour and Welfare, Japan. The patients received >80% of
the scheduled dosage of PEG-IFN and RBV. Serum samples were
collected at intervals of 4 weeks before, during and after the treat-
ment and tested for HCV RNA and core antigen titers as described
[16].

Genetic Variation near the 11288 Gene

Genetic polymorphism rs8099917 around the IL28B gene was
determined by real-time polymerase chain reaction (PCR) with the
TagMan assay {Roche Diagnostics, Tokyo, Japan) [9]. We defined
the 11288 major allele as homozypous for the major sequence (T'1)
and the TL28B minor allele as homozygous (GG) or heterozygous
(T'G) for the minor sequence.

Viral Kinetics

The amount of HCV RNA was examined by the COBAS Taq-
Man HCV test. The patients who cleared HCV viremia (less than
17 TU/ml) by week 4 were defined as achieving rapid virological
response (RVR). The amount of HCV core antigen was assessed
by the IRM assay (Ortho Clinical Diagnostics, Tokyo, Japan) that
provides a good correlation between the amount of HCV core an-
tigen and the amount of HCV RNA, as described [17]. The HCV
core antigen was measured on days 0 and 7 (week 1) according to
the detection limit of 20 fmol/l established by the manufacturer.
Early viral drop was defined as an HCV core antigen level of less
than 20 fmol/l.
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Table 2. Demographic characteristics of HCV-2a- and HCV-2b-infected patients with SVR and non-SVR

Factor All HCV-2a HOV-2h
SVER non-SVR pvalue SVR non-SVR p value

{SVR vs. {SVR vs.

non-SVK) non-SYR}
n 66 28 - 20 13} -
Age, years 52.01134 50.6+14.6 5734 10 0.2006 5061136 54.6+10.2 0.5910
Sex {male/female) 39/27 15713 473 10000 11/9 /2 0.2409
Body weight, kg 64189 58.6+£8.7 60.0110.4 0.7100 596492 66.9+2.5 0.0056
Platelets, 104/ mm? 18.0+59 19.0%5.3 152456 0.1170 181159 171472 (.7412
Hemoglobin, g/dl 13.9+1.8 13.7+1.8 14.5+ 1.8 (0.3641 i38%1.7 (1.5351
v-GTP, Ufh 4744476 3504299 4534295 0.2829 3424294 N 4.0004
ALT, UA 5681640 47.6£38.3 5544413 0.5223 43.8+374 : 0.0369
HCV RNA, log 1U/mid 6.120.8 59+0.6 5.7£1.8 48147 63108 6.5104 0.8042
HCV core antigen, fmol/l 7,659.016,852.9 66388464893 5901.5%£5963.0  (.8469 7,751.2£6,394.2 101755484645 04776
Response (RVR/non-RVR) 44/22 2117 215 0.0331 16/4 576 0.1055
11288 genotype {major/minor) 60/6 262 52 0.1710 19/1 10/1 1.0000

Bold p values are significant,

Sequence Analysis of the NS5A and the Core Regions

Sequence analysis of the NS5A and the core regions of HCV
was carried out as described {14, 16, 18]. In brief, RNA extracted
from serum was reverse franscribed and amplified for NS854 and
the core regions of the HCV genome; the resultant RT-PCR prod-
ucts were then subjected to a second round of PCR. The sequenc-
es of the amplified fragments were determined by direct sequenc-
ing without subcloning. The amino acid (aa} sequences were de-
duced and aligned. The aa residues of HCV-2a and HCV-2b
isolates were numbered according to the polyprotein of HCV-J6
[19] and HCV-J8 [20], respectively.

Statistical Analysis

Statistical differences in treatment response according to pa-
tient baseline parameters of age, body weight, platelets, hemoglo-
bin, y-plutamyl transpepiidase (y-GTP), alanine aminotranslerase
{ALTY HOV BNA foad and HCV core antigen were determined
by the Mann-Whitney U fest for numerical variables and Visher's
exact probability test for categorical variables. Similarly, statistical
differences in treatment response according to NS5A and genetic
variation near the IL28B gene (genotype T'T) were determined by
Fisher's exact probability test. Multicolinearity was tested using
Spearman’s correlation. Spearman’s rank correlation analysis was
used to test for multicolinearity among candidate variables in the
multivariable analysis. When corrclation was >0.5, only one of the
correlated variables was used in the logistic regression model.

Results

Patient Response to PEG-IFN/RBV Combination

Therapy for HCV-2a and HCV-2b Infections

Among the 35 patients infected with HCV-2a, RVR at
week 4 was achieved by 66% (23/35), early virological re-
sponse (EVR) at week 12 by 97% (34/35) and end-of-
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treatment response (ETR) by 97% (34/35). Similarly,
among the 31 infected with HCV-2b, RVR was achieved
by 68% (21/31), EVR by 90% (28/31) and ETR by 94%
{29/31). SVR was achieved by 28 (80%) HCV-2a patients
and by 20 (65%) HCV-2b patients. Only 7 (20%) HCV-2a
and 11 (35%) HCV-2b patients were non-SVR. No null-
response {continuous viremia throughout the treatment
and follow-up periods) was observed since all the non-
SVR patients achieved HCV-RNA negativity at a certain
point in time followed by a rebound in viremia ecither be-
fore or after the treatment course (relapse; table 1).

Patient baseline demographic characteristics and clin-
ical and treatment response are shown in table 2. Among
HCV-2a patients, no significant difference was observed
between SVR and non-SVR. Among HCV-2b patients,
on the other hand, lighter body weight, and lower y-GTP
and ALT levels showed a significant difference between
SVR and non-SVR patients.

Correlation between IL28B and SVR or RVR

The frequency of allele rs8099917 among HCV-2a pa-
tients was 89% for the IL28B major genotype (17T 31/35)
and 11% for the minor genotype (non-T7T; 4/35); among
HCV-2b patients it was 94% (29/31) for TT and 6% (2/31)
for non-TT. Among HCV-2a patients with the 1L.28B ma-
jor genotype, SVR was achieved by 84% (26/31; p =
0.1710) and RVR by 71% (22/31; p = 0.1061; table 3).
Among HCV-2b patients, on the other hand, SVR was
achieved by 66% (19/29; p = 1.0000) and RVR by 69%
(20/29; p = 1.0000; table 3). Thus, there was a tendency
toward SVR and RVR in HCV-2a patients with the IL28B
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Table 3. Correlation between 1L28B genotype and SVR or RVR in HCV-2a and HCV-2b infections

SVR Non-SVR p value RVR Non-RVR p value
HCV-2a 11288 (major; n = 31) 26 {84} 5{(16) 22{(71) 929 .
11.28B (nonmajor; n = 4) 2{50) 2 {50} 0.1710 i (23) 3{75) 0.1061
HCV-2b  1L28B (major; n = 29) 19 (66) 10 (34) 20 (69) (1) :
11288 (nonmajors n = 2) 1 (50) 1 (50) 1.0000 1 (50) 1 (50) 10000

Figures in parentheses are percentages.

Table 4. Correlation between JL28B genotype and SVR or RVR according to IRRDR|[2z

a} 24 or IRRDR{2a] <3 in HCV-2a infection

SVR Non-SVR p value RVR Non-RVR p value
IRRDR 24 1L28B (major; n =21) 20 (95) 1 ({5) 19 (90) 2(9)
IL28B (nonmajor; n = 2) 1 (50) 1 (50) 0.1700 1 (50) 1(50) 0.2450
IRRDR €3 1L28B (major; n = 10) 6 (60) 4 (40) 3(30) 7 (70)
1L28B (nonmajor; n =2 1(50) 1 (50} 1.0000 0 2 (100} 1.0000

Figures in parentheses are percentages.

major genotype, although the difference was not statisti-
cally significant, probably due to the small number of the
patients examined. Moreover, among HCV-2a patients
with the IL28B major genotype, SVR was achieved by 95%
(20/21; p = 0.1700) and RVR by 90% (19/21; p = 0.2490)
when mvolvmg, IRRDR with 4 or more mutations
{IRRDR[Za] z4) while SVR was ac mcvcd by 60.0% (6/10;
p = 1.0000) and RVR by 30.0% (3/10; p = 1.0000) when
involving of IRRDR w ith 3 or less mufatmn: (IRRDR(2a]
<3; table 4). Thus, there was a fe’ndencx toward SVR and
RVRin HCV-2a patients with the IL28B major genotype
when involving of IRRDR[2a] 24, but not IRRDMZ&} <3,

Correlation between Viral Kinetics Including Early

Viral Drop and SVR

SVR was achieved by 91% (21/23) of HCV-2a-infected
patients who achieved RVR, but by only 9% (2/23) of those
who did not achieve RVR (table 5). Thus, RVR was signifi-
cantly associated with SVR in HCV-2ainfection (p=0.0331).
On the other hand, RVR was not significantly associated
with SVR in HCV-2b infection (p = 0.1055; table 5).

HCV core antigen titers were measured one week after
the initiation of treatment in 91% (32/35) and 97% (30/31)
of patients infected with HCV-2a and HCV-2b, respective-
ly. Patients with the HCV core antigen titer of <20 fmol/l
after 1 week were considered as achieving early viral drop.

Response to Combination Therapy for
HCV Genotypes 2a and 2b

Table 5. Correlation between RVR and SVR in HCV-2s and HCV-
2b infections

SVR Non-SVR  pvalue

HCV-2a  RVR (n=23) 21 (91) 2(9) .
NonRVR(n=12) 7(58)  5(42) 0.0331

HCV-2b RVR (n=21) 16 (76) 5(24) 01055
Non-RVR (n=10) 4 (40) 6 (60} RS

Figures in parentheses are percentages.
Bold p values are significant.

As shown in table 6, RVR was achieved by 93% (13/14) of
HCV-2a-infected patients who achieved early viral drop,
and by only 44% (8/18) of those who did not. Thus, the
early viral drop was significantly associated with RVR (p =
0.0075) but not with SVR (p =0.1959) in HCV - 2a infection.
On the other hand, early viral drop was not associated with
either RVR (p = 0.1405) or SVR (p = 0.6328) in HCV-2b
infection.

Sequence Analysis of NS5A of HCV-2a and HCV-2b

Alignment of all the NS5A sequences of the HCV-2a
genome obtained from pretreatment sera against the con-
sensus sequences previously reported [14] revealed that

T)‘g’ Dis 2013:31:426-433
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Table 6. Correlation between early viral drop and SVR or RVR in HCV-2a and HCV-2b infections

SVR Non-8VR pvalue RVR Non-RVR pvalue
FICV-2a HCV core antigen <20 fmol/l after 1 week {n = 14} 13(93) 1(7) 0.1959 13(93) 1{7) 0.0075
HCV core antigen 220 fmol/l after | week {n=18) 13 (72} 5{28) 8 (44) 10 (56) R
HCV-2b HCV core antigen <20 fimol/l after 1 week (n = 6) 5{83) 1(17) 0.6328 6(100) 0 0.1405
HCV core antigen 220 fmol/l after 1 week (n =24)  15(63) 9 (37) 15 (63) 9{37) :

Figures in parentheses are percentages. Bold p values are significant.

Table 7. Average number of aa mutations within IRRDR[2a], ISDR/+C([2a] and IRRDR/N{2b} of HCV NS5A obtained from pretreat-
ment sera of HCV-2a- and HCV-2b-infected patients with SVR, non-8VR, RVR and non-RVR

NSSA region Mutations, n

SVR non-SVR p value RVR non-RVR p value
IRRDR{2a] (aa 2332-2387) 6.0+3.9 3.0+1.2 0.0361 6.9£3.7 2.7%+1.3 0.0003
ISDR/+C[2a] (aa 2232-2262) 1.8x2.4 0+0 0.0015 20125 0.41£0.6 0.0107
IRRDR/N[2b] (aa 2332--2357) 2.2%1.6 1.4%1.5 0.1578 2.6%1.4 0.4+0.5 4.0002

Bold p values are significant.

Table 8. Correlation between NS5A sequence heterogeneity and SVR or RVR in HCV-2a and HCV -2b infections
Factor SVR Non-SVR p value RVR Non-RVR p value
IRRDR{2a} 24 (n=23) 21 (91) 2.(9) 20 (87) 3(13)
IRRDR[2a] <3 (n = 12) 7 (58) 5(42) 0.0331 3(25) 9(75) 0.0005
ISDR/+C{2a) 2] (n = 21) 21 (100} 0 17 (81) 4(19)
ISDR/+C[2a] = 0 (n = 14) 7 (50) 7(50) 0.0005 6 (43) 8 (57) 0.0313
IRRDR/N{2b] 21 {n = 23) 17 (743 6{26) ¢ 19 (83) 4 (17)
IRRDR/N[2b] = 0 (n = §) 3 (37) 5 (63) 0.0947 2 (25) 6 (75) 0.0059

Figures in parentheses are percentages. Bold p values are significant.

the average number of aa mutations in IRRDR|2a] (RVR

nificantly larger in the isolates from RVR than in those
from non-RVR patients. More importantly, the average
number of aa mutations in IRRDR[2a] (SVR = 6.0 £ 3.9

SVR than in non-SVR.

Similarly, alignment of all the NS5A sequences of the
HCV-2b genome against the consensus sequences [14]
revealed that the average number of aa mutations in
IRRDR/N[2b] was significantly larger in RVR than in
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non-RVR (2.6 + 1.4 vs. 0.4 £ 0.5; p = 0.0002); however, no
significant difference was observed between SVR and
non-SVR {table 7).

Correlation between NS5A Sequence Heterogeneity

and SVR or RVR in HCV-2a and HCV-2b Infections

Ninety-one percent (21/23) of HCV-2a-infected pa-
tients with IRRDR[2a] 24 achieved SVR compared to
only 58% (7/12) of those with IRRDR[2a] <3 (table 8).
This result suggests that IRRDR[2a] 24 was signifi-

87% (20/23) of IRRDR|[2a] 24, but only 25% (3/12) of
IRRDR[2a] €3, achieved RVR, with the result suggest-
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ing that IRRDR[2a] 24 was also significantly associated
with RVR (p = 0.0005; table 8}.

Likewise, all of the 21 patients infected with HCV-2a
having one or more mutations in ISDR/+C (ISDR/+C[2a]
21), but only 50% (7/14) of those with ISDR/+C[2a] = 0,
achieved SVR, with theresultsuggesting that ISDR/+C[2a]
z1 was significantly associated with SVR (p = 0.0005).
The ISDR/+C|2a] heterogeneity was also significantly as-
sociated with RVR (p = 0.0313).

In HCV-2b infection, 83% (19/23) of patients with
IRRDR/N[2b] 21 achieved RVR whereas 25% (2/8) of
those with IRRDR/N{[2b] = 0 achieved RVR (p = 0.0059).
Thus, IRRDR/N|[2b] 21 was significantly associated with
RVR, but not with SVR {table 8).

Correlation between HCV Core Protein Sequence

Heterogeneity and RVR or SVR

A close correlation between HCV core protein se-
quence patterns and treatment outcome has been pro-
posed in HCV-1b infection [17, 21]; however, this infor-
mation is still unclear in HCV-2a and HCV-2b infections.
Therefore, in the current study, core regions were ob-
tained from the pretreated sera and the aa sequences de-
duced and aligned with prototype sequences (HCV-J6
[19] and HCV-J8 [201]). Contrary to reports on HCV-1b
infection [8], the residues at positions 70 and 91 are well
conserved among HCV-2a and HCV-2b isolates, suggest-
ing no correlation between treatment outcome and these
observed residues [14].

Identification of Independent Factors Predictive of

SVR in HCV-2a and HCV-2b Infections

To identify significant independent predictors of
SVRin HCV-2aand HCV-2b infections, univariate and
multivariate logistic regression analyses were carried
out using all available data on patient baseline param-
eters and viral genetic polymorphic factors. In HCV-2a
infection, univarijate analysis identified two factors, the
heterogeneity of IRRDR{2a)} (24 vs. £3) and RVR, that
were significantly associated with SVR. Subsequently,
multivariate regression analysis including these factors
revealed that IRRDR[2a] heterogeneity (p = 0.0264)

0.0424) were independent factors predictive of SVR (ta-
ble 9).

In HCV-2b infection, univariate analysis identified
two factors, body weight and y-GTP levels, that were sig-
nificantly associated with SVR. In the subsequent multi-
variate analysis, only the y-GTP level (p = 0.0287) was
identified as an independent factor predictive of SVR in

Response to Combination Therapy for
HCV Genotypes 2a and 2b
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HCV-2b infection. The heterogeneity of [IRRDR/N{2bl, a
viral factor, was identified as significantly associated with

0.0521; table 9).

Discussion

Host factors (such as age, sex, ethnicity, platelets, liver
fibrosis and obesity) have been associated with the out-
come of PEG-IFN/RBV therapy [22] for HCV genotype
1. Also, the clinical outcome of this therapy for HCV in-
fection is influenced by a number of host factors such as
IL28B [9-12] and viral factors including ISDR [17, 23]
and core mutations at position 70 in genotype 1 [8].

We have previously compared the impact of IRRDR,
ISDR and core mutations as viral genetic polymorphisms,
and the IL28B genotype as a host genetic factor, in the
clinical outcome of PEG-IFN/RBV therapy - SVR, re-
lapse and nonvirological response (NVR) - for HCV-1b
with a high viral load in Japanese patients. IRRDR 26 was
identified as a viral genetic polymorphism that indepen-
dently predicts SVR to PEG-IFN/RBV treatment [7, 16,
17, 24]. The IL28B minor genotype was identified as a
host genetic factor that most effectively predicts NVR
[24]. On the other hand, ISDR was identified as a factor
showing significant correlation with RVR in our previous
study, although it has been considered a viral determiner
of SVR [22, 23].

To date, except for ours [24], few factors, including
host and viral factors, and viral kinetics, have been
shown to predict the outcome of PEG-IEN RBV therapy
for HCV-2a and HCV-2b [25]. In the present study,

one hand, and y-GTP (OR 0.8962, p = 0.0287) on the
other, as factors predictive of SVR in patients infected
with HCV-2a and HCV-2b, respectively. Similarly,
IRRDR[2a] 24 (OR 23.8493; p = 0.0014) and IRRDR/
N[2b] 21 (OR 44.7766; p = 0.064) were identified as pre-
dictive of RVR in patients infected with HCV-2a and
HCV-2b, respectively. Moreover, univariate analysis
showed that ISDR/+C[2a] 21 was significantly associ-
ated with RVR.

Consistent with previous observations of HCV-1b, we
have here demonstrated that in Japanese patients se-
quence heterogeneity within IRRDR is closely correlated
with the treatment response of HCV-2a and HCV-2b in-
fections, and that the IL28B major genotype is significant-

Dig Dis 2013;31:426-433
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lyassociated with SVR in HCV-2a infection. Nonetheless,
the effect of TL28B SNP appeared to be weaker in HCV-2a
and HCV-2b infections than that seen in HCV-1b infec-
tions. In HCV-2a, ISDR/+Ci2a] was considered a factor
related to at least early viral dynamics as shown in HCV-
1b. A mutation at position 70 of the core protein of HCV-
1b has been correlated with PEG-IFN/RBV treatment
outcome [8]. In the present study, however, we found no
significant correlation between core protein polymor-
phism and treatment outcome in HCV-2a or HCV-2b
infection. The sequence conservation observed at posi-
tion 70 might be the reason for the lack of significant cor-
relation between core protein polymorphism and treat-
ment outcome in HCV-2a and HCV-2b infections.

For the correlation between viral kinetics and treat-
ment outcome, we demonstrated that RVR was related to
SVR (p =0.0327) in HCV-2a infection; however, we were
not able to relate RVR to SVR by multivariate analysis.
Furthermore, early viral drop was related to only RVR
(p = 0.0075) in HCV-2a infection,

In conclusion,-the present results suggest the clinical
usefulness of the sequence heterogeneity of NS5A in
HCV-2a (IRRDR{2a] 24) and IL28B SNP for determin-
ing viral sensitivity to PEG-IFN/RBV therapy given to
HCV-2a patients. A large-scale multicenter study is need-
ed to clarify our conclusions.
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