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Polymorphisms of the inosine triphosphatase (/7P4) gene influence anemia during pegy-
lated interferon (PEG-IFN) and ribavirin (RBV) therapy, but their effects during triple
therapy with PEG-IFN, RBYV, and telaprevir are not known. Triple therapy for 12 weeks,
followed by PEG-IFN and RBV for 12 weeks, was given to 49 patients with RBV-sensitive
(CC at 51127354) and 12 with RBV-resistant (CA!AA) ITPA genotypes who had been
infected with hepatitis C virus (HCV) of genotype 1. Decreases in hemoglobin levels were
greater in patients with CC than CAJAA genotypes at week 2 (—1.63 = 0.92 vs. —0.48 =
9.75 g/dL, P = 0.001) and week 4 (—3.5 = 1.1 vs. —=2.2 = 0.96, P = 0.001), as well as at
the end of treatment (—2.9 = 1.1 vs. —2.0 = 0.86, P = 0.013). Risk factors for hemoglo-
bin <11.0 g/dL at week 4 were female gender, age >50 years, body mass index (BMI) <23,
and CC at rs1127354 by multivariate analysis. RBV dose during the first 12 weeks was
smaller in patients with CC than CA/AA genotypes (52 % 14% vs. 65 = 21% of the target
dose, P = 0.039), but the total RBV dose was no different between them (49 & 17% and
54 = 18% of the target, P = 0.531). Sustained virological response (SVR) was achieved in
70% and 64% of them, respectively (P = 0.724). Conclusion: ITPA polymorphism influen-
ces hemoglobin levels during triple therapy, particularly during the first 12 weeks while
telaprevir is given. With careful monitoring of anemia and prompt adjustment of RBY
dose, SVR can be achieved comparably frequently between patients with CC and CA/AA
genotypes. (HepaTOLOGY 20113553:415-421)
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Forldwide, 123 million people are estimated
to have been infected with hepatitis C virus
(HCV)," and ~30% of them develop faral
liver disease such as cirrhosis and hepatocellular carci-
noma.”” Currently, the standard of care therapy for
patients infected with HCV is pegylated interferon
(PEG-IFN) and sibavirin (RBV) for 48 weeks.™®
However, the combined treatment can induce a sus-
tained virological response (SVR), judged by the loss
of deteciab}e HCV RNA from serum 24 weeks after
treatment completion, in at most 50% of patients
infected with HCV-1, the genotype most prevalent
and least responsive 1o IFN-based therapies.
Receﬁty, Fellay et al.” reported that polymorphisms
f the inosine triphosphatase (JTP4) gene in chromo-
some 20 (AOpiy} influence %V—indtzced anemia in a
genome-wide association study (GWAS). Single nucleo-
SMNPY at 151127354 for pi‘eime
threonine substitu“zon (P32T) in the second of g%’t

ude polymorphism (
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well as that at 157270101 in
of TPA. 8-11
Patients infected with HCV-1 carrying the CC genotype
at 151127354 are more prone io deve‘op anemia than
those with CA/AA genotypes during the combination
therapy, and the decresse in hemoglobin is greater in
patients with ii he ﬁJ—‘\ than AC/CC genorypes at
rs7270101.7 Their observations have been extended to
many patients in a large-scale trial with peglFIN-0-22 on
Caucasian and African Americans,'” as well as in the
Japanese receiving PEG-IFN-o- b aﬁd RBY who were
infected with HCV-1.12
For improving SVR in HCV-1 patients, protease

exons in the J7PA gene, as
LD@ Sebghﬂ ls_{; i1, &L{'CCLS Lﬂe eXPE'QSSEQﬂ

inhibitors have been added to the swandard rreavment
with PEG-IFN and RBV, and increased SVR by

~20%." 1 However, such a gain in efficacy is not
without trade-offs, represented by aggravation of anemia.
Early decreases in hemoglobin levels during the wiple
therapy reach 4 g/dL, and they exceed ~3.0 g/dL i the
standard weatment.''® Because there have been no
reports focusing on the influence of /TPA genotypes on
anemia developing in patents during triple therapy, he-
moglobin levels were followed in 61 Japanese patients
with HCV-1 who had received it. The results were cor-
related with polymorphisms at 151127354 in the J/TPA

gene because the Japanese are monoaﬂehc at rs7270101

and have the AA genotype exclusively.''

Patients and Methods

Study Cobort. This retrospective cohort study was
performed in 61 patients with chronic hepatitis C who
met the following inclusion and exclusion criteria.
Inclusion criteria were: (1) diagnosed with chronic

hepatitis C; (2) HCV-1 confirmed by sequence analysis -

in the NS5B region; (3) HCV RNA levels >5.0 log
IU/mL determined by the COBAS TagMan HCV test
(Roche Diagnostics K.K. Tokyo, Japan); (4) Japanese
aged from 20 to 65 years at the entry; and (%) body
we;ght between >40 kg and <120 kg at the time of
registration. Ex ccliusion criteria were: (1) deaomuensa,eed
iwei cirrhosis; (2) hepatids B surface antigen in serum;
{3) hepatocellular carcinoma or its history; (4) autoim-
‘mune hepatitis, alcoholic liver disease, hemochromato-
sis, or chronic liver disease other than chronic hepatitis
chronic renal disease or creatinine riesmnrﬁ
} hemoglobin <12 ¢
00/mm” or piateiet <1GG,{%GG/

(5) ¢
50 mL/min at the baseline; (6

-U.L, zcrphzi < f
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regpenders) All pefients gave consent for analysis o

SNPs in /7 28 (IL28B) genes. The
study was conducted i the
principles of the D@Ciara&on of Helsinki and was
approveé by the Ethics Commitee of Toranomon
was obtained from

TPA and interleukin

aCCoOra ’c'i.ilCE With ethi 11C3 i

Hospital, Written informed consent
cach patent.

F*ﬁp.lle Treavmeni with PEG-II

elapreviy, Telaprevir  (MP-424;
Pl‘aal ma, Osai'a, Japan), 750
times a day at an 8-hour (g8) interval after each meal
Pegylated-IFMN-a-2b (‘?EG—intmﬁ, gchehﬂg Plough,
Kenilworth, NJ) was injected subcutanecusly ar a me-
dian dose of 1.5 pg/ke (range: 1.32-1.71 uglkg) once a
week. RBV (Rebetol, Schering Plough) 200-600 mg was
administered afier breakfast and dinner. The RBY dose
was adjusted by body weight: 600 mg for <60 kg; 800
mg for >60 kg ~<80 ka and 1 OOG mg for >80 kg.
The wiple therapy with PJ:GJFN—(A—JI}, RB‘J, and telap-
revir was continued for 12 weeks, and then switched to
PEG-IFN-¢-2b and RBV for an additional 12 weeks. It
was withdrawn when hemoglobin levels decreased <8.5
g/dL. After the therapy was completed or discontinued,
patients were followed for 24 weeks for SVR.

The RBV dose was cut by 200 mg in patients receiv-
ing 600 or 800 mg (by 400 mg in those receiving
1,000 mg) when hemoglobin decreased <12 g/dL, and
by another 200 mg when it was below <10 g/dL. In
addition, RBV was reduced by 200 mg in patients with
hemoglobin <13 g/dL at baseline and those in whom it
decreased by 1 g/dL to <13 g/dL within a week. PEG-
[FN dose was *educed by onc«hai when the leukocyte
count decreased <1,500/mm”, neutrophil count <750/
mm’, or plareler count <80 x 10°/mm’ PEG-IFN
was withdrawn when they decreased <1,000/mm?, 500/
mm’, or 50 ¥ 10%/mm® , respectively

The wiple therapy was withdrawn or stopped tem-
porarily when hemoglobin decreased <8.5 g/dL. In
whom liemogiobin increassed >8.5 g/dL

Tanabe

Mitsubishi

mg, was administered 3

patients in
within 2 weeks after the withdrawal, treatment was
resumed with PEG-IFN and RBV 200 mg. A re
tdon of telaprevir (MP-42 € permitt
discontinued when severe side effects appeared,
whereas PEG-IFN and RBVY were continued. Growth
factors were not used for elevating hemoglobin levels.
Determination  of  IT. PA Genovypes. [TPA
(rs1127354) and 7L28B (158099917 and 1s12979860)
| by the Invader assay, TagMan assay, or

a

lescribed. /18

educ-
4743 dose was no ted. It
3

ses, Continucus variables berween
Whitnc{/ test (I
s by the chi-square test

2roups - were mmpax‘ed by the Mann

test), and disc

ntinuous variables
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Table 1. Baseline Characteristics of
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the 61 Patlents Infected with HCV-1 Who Recelved Triple Therapy with

Pegylated-Interferon, Ribavirin, and Telaprevir

iTPA Genetypes at rs1127384

Total o0 CA -+ AR

Demographic data

Number 61 49 12

Sex (male/female) 34727 28/21 6/6

Age (years) 56 (23-65) 55 (23-65) 58 (28-62}

Body weight (kg) 81.5 (41.0-92.9) 61.5 (41.0-92.9) 52.1 (44.4-81.1)

Body mass index (kg/mz) 22.6 (17.6-32.4) 22.2 (17.6-32.4) 22.9 (17.8-28.5)
Genotypes of the /L2858 gene

158099917 (for 59 patients)

(TI/16 + GG) 33/26 27/21 8/7

1812679860 (for 57 patients)

CC/CT+ T 30/27 35/22 4/5
Laboratiory data

Hemoglobin (g/dL) 14,4 (12.5~16.8) 14,4 (12.5-16.8) 142 (12.8-16.3)

Platelets (x 10%/mm3) 17.8 (9.1-33.8) 17.7 (9.1-33.8) 19.5 (13.1-31.6)

Albumin (g/dL) 3.9 (3.2-4.6) 3.8 (3.2-4.6) 3.9 (3.5-4.1)

Alanine aminotransferase (U/L) 39 (12-175) 41 (12-175) 28 (17-57)

Aspartate aminotransferase (U/L) 32 (15-137) 35 (15-137) 28 (20-35)

HCY RNA (log 1t/mL) 6.7 (5.1-7.6) 6.8 (5.7-7.6) 6.6 (5.1-7.5)

HCV genotype 1a/1b 1/60 1/48 0/12
Previous IFN-based treatment

Treatment naive 17 12 (24%) 5 (42%)

Relapsed 29 23 (47%) 6 (50%)

Null response 15 14 (29%) 1(8%)

Data are median values (range) or n.

and Fisher’s exact test. Kaplan-Meier analysis and the
log-rank test were applied to estimate and compare
decreases of RBV dose between groups. Factors eval-
uated for influence on hemoglobin decrease by univari-
ate analysis were: sex; age; body mass index (BMI);
body weight; hemoglobin levels; initial PEG-IFN and
RBV doses; amino acid substitutions in the HCV core
protein; number of amino acid substitutions in the
interferon sensitivity determining region; and /L28B
polymorphisms (at 18099917 and 1s12979860). Fac-
tors associated with a decrease in hemoglobin levels (#
<0.10) were assessed by multiple logistic regression
analysis, and the odds ratio (OR) with 95% confidence
interval (CI) was determined. All analyses were per-
formed using SPSS software (SPSS II v. 11.0, Chicago,
IL), and a P-value < 0.05 was considered significant.

Results

Triple Tk mpy tn Patients with HCV-1 Infec-
tomn. Basel characreristics of the 49 patients with
CC and the 12 with CAJAA genotypes at 151127354
in the /TPA gene are compared in Table 1. They all
were infecred with HCV-1. There were no significant
differences between them, except that alanine amino-

oy
’ra:;s;erase (AIT) and aminotransferase

) levels were higher

aspartate
in patients with CC than

CA/AA genotypes (P = 0.041 and P = 0.008, respec-
tively). Overall, /L28B genotypes resistant to PEG-
IFN and RBVY, TT/TG at 18099917, and CC/CT at
rs12979860 were rather frequent, and possessed by
449% and 47%, respectively, of the patients. This was
due to inclusion of 15 nonresponders to previous
IFN-based therapies, corresponding to 25% of the 61
patients studied, most of whom (14/15 [93%]) pos-
sessed IFN-resistant genotypes (TT/TG and CC/CT).
Six of them had low hemoglobin levels (<13 g/dL) at
baseline and were started with an RBV dose decreased
by 200 mg; they included five with CC and one with
CA genotypes of the /TPA gene.

Modification of RBV Dose During Triple Thera-

9. RBV dose was reduced by >200 mg in all 61

patients studied during wriple therapy because hemoglo-
bin had decreased <12.0 g/dL in them. During the first
12 weeks of therapy while telaprevir was given, the pro-
portion of patients receiving the full RBY dose differed
between those with CC and CAJAA genotypes (Fig. 1).
BBV dose reducuoq was started earlier in the 49
i the 12 with CA/AA genotypes
(2.6 £ 1.3 vs. 4.8 * 3.1 Weé aﬁ the s tart, respev—

patienss with CC than

genotypes (52 i 14—% vs. 65 = 21%

of the targer dose, P = 0.039). During the next 12
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Ribavirin Given in the Full Dose (%)

[}

S0y

Fig. 1. Patients whe received the full rbavirin dose dwing 12 weeks
on triple therany. The 49 patients with CC and the 12 with CA/AA
genotypes at 151127354 are compared.

weeks without telaprevir, in contrast, the RBV dose was
somewhar larger in patienis with CC than CA/AA geno-
types (47 = 24% vs. 43 &= 20%, P = 0.649). The rotal
RBV dose during 24 weeks on therapy was comparable
between the 49 patients with CC and the 12 with CA/
AA genotypes (49 = 17% vs. 54 = 18%, P = 0.531).
In patients with the CC genotype, the RBV dose was
no different between those who achieved SVR and those
who did not (50 & 18% vs. 47 = 13%, P = 0.728).
The RBV dose did not differ either in patients with
CA/AA genotypes with and without SVR (57 £ 17%
vs. 48 = 20%, P = 0.368).

The total dose of PEG-IFN was comparable among
49 patients with CC and 12 with CA/AA genotypes
(87 = 23% vs. 86 = 20% of the target, £ = 0.488).
The total telaprevir dose was no different either
between them (87 & 27% vs. 71 &= 36% of the target,
P = 0.098). Telaprevir was discontinued in 10 of the
49 (20%) patients with CC and 5 of the 12 (42%)
with CA/AA genotypes (P = 0.147).

Decreases in Hemoglobin Levels During Triple
Therapy. Figure 2 decreases in hemoglobin
levels between 49 patients with CC and 12 with CA/
AA genotypes of the [TPA gene. Data of six patients
were omitted because the wiple therapy was withdrawn
4-10 weeks after the start, including five with CC and
one with CA genotype. Hemoglobin decreased more
in patients with CC than C_A,/A L genotypes at week 2
(—1.63 = 0.92 vs. —0.48 = 0.75 0.001)

- P —

and ‘x‘feek £ (=35

compares

o-/r‘{ P =

il

, (.96,

0.001). During week
o
1

1oL
ione

M
i
|
s

nadir of a pjfo cimately

dL
patients with CC and CA/AA genorypes. T

_Lc;eaitf‘l»,
differences in hemugiobm decrease starred o widen

between patients with CC and CA/AA genotypes and
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were significant at week 20 (=3.0 £ 1.2 vs. =2
0.88 g/dL, P = 0.048) and week 24 (-2

5 x vs.
2.0 + 0.85 g/dL, P = 0.013),
~ SYR was achieved b; 35 (71%) of the 49 patients
with C\, and 8 (6 /%} of the 12 with CA/AA geno-
types ( 0.736). H E i lif
be"'weei: ti_em 24 V/@F’l{g after th
therapy (—0.57 = 1
0.271). Of the 32 pa
IL28B gene at 18099917,

i

0 of the 26 {38%) with TG/

FQ genotypes (P < 0.001), 29 of tl"-e 3
(97%) patients with CC genotype at r
achieved SVR, more frequently than 1
(41%) with CT/TT genotypes (P < 0.001).
Facters  Influencing Decreases in  Hemoglobin
Levels. Hemoglobin decreased <11 g/dL ar week 4
during the triple therapy in 27 of the 61 (44%)
patients. Factors for hemoglobin <11.0 g/dL were
female gender, age >50 years, body weight <60 kg,
BMI <23, and baseline hemoglobin <15 g/dL, as well
as the CC genotype of the /TPA gene, in the univari-
ate analysis (Table 2). Of them, female gender, age
>50 years, BMI <23, and the CC genotype remamed
significant in the multivariate analysis. Hemoglobin
levels lowered <8.5 g/dL during the wiple therapy in
13 of the 61 (21%) patients. Factors for hemoglobin
<8.5 g/dL. were female gender, age >60 years, body
weight <60 kg, BMI <23, and baseline hemoglobin
<14 ¢/dL in the univadate analysis (Table 3). Of

ra

Cewonx 2es |

Deereases i Hemogloblin Levels
»

2 12 iz

Fig. 2. Decreases i hemogichin
telaprevir, PEG-IFN, and REV. The 49 p nag the 12 with
CA/AA genciypes at 181127354 are o »maa tlents evalusied at

each timepoint are indicated below, with the zumb@r of patients 'm
whom telaprevir was withdrawn (PEG-FN and RBY coniinued) i
parentheses.
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Table 2. Univariate and Multivariate Analyses of Host and Viral Factors Associated with Low Hemoglobin Levels (< 11.0 g/
L} at Wesk &4 of Trinle Therapy

Univariaie Analysis fuitivariate Anaiysic

Parameter OR (95% ¢h p 8R {35% CF) P
Sex (female) 14.3 (4.1-50.0) < 0.001 29.41 (3.8-250.0) 0.001
Age (> 50 years) 3 (1.0-17.5) 0.030 3 (1.1-47.8) 0.03¢
Body weight (< 60 kg) 11.5 (3.4-38.2) < 0.001
Body mass index (< 23) 8.4 (2.6-27.1) < 0.001 17.2 (2.6-112.0) 0.003
Hemogiobin (< 15g/dL) 14.2 (3.5-57.4) < 0.001
ITPA gene (CC genotype) 0.062 36.8 (2.5-550.2} 0.009

Abbreviations: OR, odds ratio; Cl, confidence level.
them, only age and body weight remained significant genatype exclusively,'*> only polymorphisms  ar
‘in the multivariate analysis. 51127354 were examined.

Discussicn

Anemia is a substantial risk in the standard of care
therapy with PEG-IFN and RBV.*® Triphosphorylated
RBV accumulates in erythrocytes of patients who receive
RBV, increasingly with RBV dose and duration, and
causes oxidative damage to erythrocyte membranes to-
ward extravascular hemolysis by the reticuloendothelial
system.'”?° Inosine triphosphate accumulates also in
erythrocytes of individuals who have murtations in the
ITPA gene, and results in benign red-cell enzymopathy.®
The expression of J/TPA is genetically controlled and
reduced in individuals who have point mutations in the
ITPA gene®'" As another achievement of GWAS in he-
patology,”' in the wake of polymorphisms of the /L28B
gene that influence the response to PEG-TFN and
RBV,**** polymorphisms in the /7PA gene has been
reported to influence anemia caused by RBV. How ino-
sine triphosphate protects erythrocytes from hemolysis
caused by RBV needs to be sorted out by in vive and in
viiro exgeriments Inosine triphosphate may prohibit the
accumulation of RBV in erythrocytes, or rather, it might
act direcily toward prohibition of hemolysis. .

In the present study, 61 padents infected with

ICV-1 received wiple therapy with PEG-IFN, RBYV,
and telaprevir in the first 12 weeks followed by PEG-
IFN and RBV in the second 12 weeks. Then the RBY
dose and hemoglobin were compared between patients
with CC and CA/AA genotypes in the /TPA gene.
Two polymorphisms in the /7PA gene, in dﬁse lin E«scre
disequilibrium with an 2 value of 0.65,7 have been
recognized in Caucasians (51127 ,54 an& rs727{}§07};
the respective CAJ/AA and AC/CC
the ¢ccm“y of inosine triphos
against anemia induced by RBV.
nese are monoallelic at 57270107

© D'
f" (
i”
kel
&
a
o}
Q_
-
b
8
a
Q
=

P
/7" Because the Japa-
and possess the AA

Of the 61 patients, 49 passessed the RBV-sensitive
CC genotype and the remaining 12 had RBV-resistant
CA/AA genotypes. Hemoglobin levels decreased both in
patients with CC and CA/AA genotypes. They lowered
~24 g/dL during weeks 8-12 on the wiple therapy with
telaprevir, and increased thereafter (Fig. 2). Between the
two groups of patients, differences in  hemoglobin
decrease were greatest at week 4 (1.3 g/dL), as in the
standard treatment with PEG-IFN and RBV.7 1213

When anemia and other side effects occurred, doses
of RBV, PEG-IFN, and telaprevir were modified. Of
the 61 patients studied, 27 (44%) were women and
most of them were in old age. Beyond 50 years of age,
women are less responsive than men to the standard
treatment with PEG-IEN and RBYV, probably because
estrogens Wth an antifibrotic potential decrease after
menopause.”® Stringent precautions had to be taken,
therefore, by reducmg the RBV dose in the patients in
whom hemoglobin levels decreased <12 g/dL, rather
than the conventional threshold of <10 g/dL.

Reductions of RBY dose due to anemia in patients
who receive PEG-IFN and RBV are influenced by /774
polymoiphisms.'? Also, in patients who had received the
triple therapy the RBV dose had to be reduced more in

Takle 3. Univariate and Mulivariate Anslyses of Host and
Viral Faciors Associated with Yery Low Hemoglobin Levels

{<8.5 g/dL) During Triple Therapy
Univatiate Analysis Multivariate Analysis
Parametey OR {35% ¢1) P R (85% €I} 4

Sex (female) 6.1 (1.5-25.1) 0.007
Age (>80 vears) 6.8 (1.8-26.0) 0.004 10.1 (1.9-53.9) 0.007
Body weight 23.8 (2.9-200.0) <0.001 333 (3.4-3333) 0.003

(<80 kg}
Body mass index  14.1 (1.7-125.0) 0.001

(<23)
Hemoglobin 4.3 (1.2-15.6) 0.023

(<14 g/duy

Abbreviations: OR, odds ratio; Cl, confidence level.
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patients with CC than CA/AA genony ypes during the first
12 weeks while dx/ received relaprevir (“ * 14% vs. 65
] k3

I+

t 21% of the target dose, 2 = 0.039). During the second

12 weeks off telaprevis, the RBY dose was scmewhart
greater in patients with CC than CMA;\. genotypes (47 &=
24% vs. 43 * 20%, P = 0.649). Thus, “{f‘.».C rcm_ RBY
dose during 24 weeks of therapy was com p*“ le beewesn
patients with CC and CAJAA genc)cypﬁ 3 (51 = 15% and
57 * 18%, P = 0.724). Likewise, the wowal dose of PEG-
IFMN (87 % 23% vs. 86 = 20% of the targer, P = 0.806),
as well as dhat of telaprevir (87 = 27% ve. 71 * 36% of
the target, P = 0.098), was no different berween patents

with CC and CA/AA genotypes. SVR was &Fi'iie\/’Pd com-
parably frequently in them (71% vs. 67%, P = 0.736).
Decreases in hemoglobin levels during the first 12
week were similar between the current triple therapy
cohort and previous patients receiving PEG-IFN and
RBV.!*!®> The conservarive hemoglobin levels chosen
for RBV dose reduction may be a possible confounding
factor on the impact of /7PA variants in anemia, which
would have been greater should the RBV dose not be
reduced in.patients with RBV-sensitive CC genotypes.
ITPA polymorphisms at rs1127354 were associated
with RBV-induced anemia in Japanese patients, without
involvement of those at rs7270107 reported in Cauca-
sian and African-American patients.'” Thus, /TPA poly-
morphisms at 151127354 would play a major role in
protecting patients from RBV-induced anemia. CC/CA
genotypes at 151127354 occurs in 6% of the Caucasian
population, much less often in the Oriental population,
at 16%.%>7 Although AC/CC genotypes at 157270107
occurs in 13% of Caucasians, they do not exist in Ori-
entals.'*> Obviously, different polymorphisms need to
be examined in patients of distinct ethnicities when the
influence on RBV-induced anemia is to be evaluated.
% the wiple
herag,y achieved SVR more frequently in patients with
CC than CT/TT genotypes of IL28 at 1512979860
(96% vs. 41%, P < 0.001). About two-thirds.of stud-
ied patients accomplished SVR with the wiple treat-

£

In confirmation of our previous report,

ment, although one-fourth of them were nonrespond-
ers o previous [FIN-based treatments; they are known
‘L'Q respond pootly to repeated treatments. This would
lend further support to the ufﬁcafy of wiple Lherayy
; higher than

trzatment with pegylated IFN and

HEPATOLOGY, Pebruary 2011

and prompr modificarion of RBY dose, There are wea_k
poinis in this study as w%ﬁ First, i’i Was

».he regl im 1pac

anemia )/ have DE" £ OBECUred

conducted in lapanese perients, a
may not be extended 10 patients of different ethnicites
with dzsrmcz ge_nm:;c bagi«gfou‘ ds.

of Lh@ ITPA polymorphism on
anemia will be pursued in larger scale and on patents of

around the world.

various ethnicities
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HCV substitutions and 1L.28B polymorphisms
on outcome of peg-interferon plus ribavirin

combination therapy

C Nelson Hayes,"? Mariko Kobayashi,® Norio Akuta,® Fumitaka Suzuki,>
Hiromitsu Kumada,® Hiromi Abe,'? Daiki Miki,"* Michio Imamura,’* Hidenori Ochi,'*
Naoyuki Kamatani,* Yusuke Nakamura,® Kazuaki Chayama'*

ABSTRACT

Background and aims A number of recent studies have
shown that human polymorphisms near the /L2885 type il
interferon {IFNA) gene influence the respanse to
peg-interferon plus ribavirin combination therapy for
infection with chronic hepatitis C virus (HCV). Viral

-polymarphisms, including substitutions within the HCV

core and NS5A proteins, have also been shown to
influence treatment outcome, but it is not known
whether these factors act independently of the 1L28B
polymorphism or if they reflect the same or a different
underlying mechanism. Multiple logistic regression was
used to determine whether host and viral polymorphisms
independently predict sustained virological response
{SVR}.

Methods Two single nucleotide polymorphisms were
genotyped in the 1L28B locus (rs12379860 and
rs8099917) from 817 patients with chronic HCV
infection, and substitutions at amino acids 70 and 91 of
the HCV core protein and within the NS5A interferon
sensitivity-determining region {ISDR) were analysed.
Results It was found that independent predictors of an
SVR included 1L28B rs12979860 CC genotype (OR=4.98;
p=4.00E-08}, core amino acid 70 substitutions
{OR=0.53; p=0.016), age and baseline viral load. For
non-virological response, the 1L.28B rs12979860 CT/TT
genotype (OR=0.23; p=1.96E-8) and age were
independent predictors. 11288 rs12979860 genotype
{p="1.4E-8), core amino acid 70 substitutions
{p==0.0013), ISDR substitutions {p=0.0019), basefine
viral load, vy-glutamyltranspeptidase, alanine
aminotransferase and platelet count were independent
predictors for change in viral load by week 4 of treatment.
Conclusions 11288 polymorphisms and HCY core amino
acid 70 substitutions contribute independently to an SVR
to peg-interferon plus ribavirin combination therapy.

INTRODUCTION
Hepatitis Cvirus (HCV) is a primary cause of chronic
hepatitis and often progresses to liver cirrhosis and
hepatocellular carcinoma.! ? Peg-interferon plus
ribavirin combination therapy (PEG-RBV) is the
current standard of care, but it is only effective in
50% of patients and has severe side effects often
requiring discontinuation or dose modification.?
Consequently, reliable predictors are needed to
identify unsuitable candidates as early as possible.
Genome-wide association studies have reported
common single nuclectide polymorphisms (SNPs)
predictive of response to interferon treatment.

What is already Imown ahout thxs suhgect"

» Clinical and viral factors influence the outcome
of peg-interferon plus ribavirin combination
therapy for chronic hepatitis C virus infection.

> Polymorphisms within the human IL28B locus
strongly influence treatment outcome.

» Substitutions at amino acids 70 and 91 of the
HEV core protein as well as within the interferon
sensitivity-determining region (ISDR) also affect
response fo treatment.

What are the new ﬁndmgs"
> 11288 polymorphisms as well as substitutions at
amino acid 70 both mdependently predict
sustained vnrologlcal response, suggesting that
they influence treatment outcome through
different mechanisms.

» 11288 polymdrphisms, substitutions at core
protein amino acid 70 and ISDR substitutions
are each mdependent predictors for change in
viral load after 4 weeks of treatment.

How mlght it impact on clinical practice in the

forseeable future?

» The combination of IL28B genotyping and
detection of core protein substitutions may
yield more accurate pretreatment predictions
of treatment efficacy.

While polymorphxsms m MxA* 5 interferon
a-receptor 1,° osteopontin’ and MA]?KAPK38 have
been reported to be associated with interferon
response, several linked SNPs within the IL28B
locus on chromosome 19 have recently been shown
to be the strongest predictors of early viral kinetics,
response to treatment and spontaneous viral
clearance.” ™%

Viral polymorphisms have also been shown to be
associated with treatment response. HCV geno-
types 1 and 4 in particular are considered more
difficult to treat than genotypes 2 and 8 1617 and
genotype 3 is associated with steatosis.’® Within
genotype 1b, amino acid substitutions at positions
70 and 91 of the HCV core protein and accumula-
tion of substitutions in the interferon sensitivity-
determining region (ISDR) of the NS5A protein®®?°
have also been shown to be associated with treat-
ment outcome, especially among Japanese patients.

Colyight Rraidapidr (of SPGBy &8 wei0. P¥8tuced by BMJ Publishing Group Lid (& BSG) under litércs.
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Consequently, a number of human and viral factors are now
known to affect response to treatment, but in order to identify
the most important independent predictors and to identify
which, if any, may be useful in guiding clinical practice, it is
necessary to analyse them simultaneously in a multivariate
model. In this study we therefore attempted to identify host and
viral factors that independently predict treatment outcome,

MATERIALS AND METHODS

Patients

Data from 817 patients who were treated with PEG-RBV
combination therapy for chronic hepatitis C genotype 1b infec-
tion between 2002 and 2008 were collected from Toranomon
Hospital (Tokyo) and hospitals that belong to the Hiroshima
Liver Study Group (http://home hiroshima-u.ac.jp/naikal/
hepatology/english/study.html) in Hiroshima, Japan. Study
subjects tested positive for HCV RNA over a span of >6 months,
were negative for hepatitis B and HIV, and showed no evidence of
other liver diseases. Patients received weekly injections of peg-
interferon-u2b at 1.5 g/kg body weight for 48 weeks and ribavirin
was administered orally. The amount of ribavirin was adjusted
based on body weight (600 mg for <60 kg, 800 mg for 6080 kg,
1000 mg for >80 kg). Patients with low baseline viral load
(<5 log IU/ml) were excluded, as were patients who received
<0.89 g/kg of peg-interferon or <8.83 mg/kg of ribavirin, Treat-
ment success was evaluated based on a sustained virological
response (SVR), defined as undetectable HCV RNA levels
24 weeks after cessation of treatment. Some patients showed
a transient response (TR or relapser), in which HCV RNA
dropped to undetectable levels during treatment but then later
rebounded. In those with a non-viral response (NVR), HCV RNA
levels failed to decline by 2 log10 IU/ml by week 12 of treatment
and never dropped below detectable levels. Histopathological
diagnosis was made according to the criteria of Desmet et al.?! All
subjects gave written informed consent to participate in the
study according to the process approved by the ethical committee
of each hospital and conforming to the ethical guidelines of the
1975 Declaration of Helsinki.

HCV RNA levels

HCV RNA levels were monitored throughout the course of
treatment at 1 or 2 month intervals for a total of at least six time
points via reverse transcription—PCR (RT—PCR) using the
original Amplicor method, the high range method or the
TagMan RT—PCR test. The measurement ranges of these assays
were 0.5—850 kIU/ml, 5-5000kIU/mi and 1.2-7.8 log IU,
respectively. Samples exceeding the measurement range were
diluted with phosphate-buffered saline (PBS) and reanalysed. All
values were reported as log IU/ml.

ISDR and core amine acid substitutions
" Amino acid substitutions in the HCV core and ISDRs were
determined by direct sequencing of PCR products following
extraction and reverse transcription of serum HCV RNA. Core
aminoc acid substitutions at positions 70 and 91 (core70 and
core91) were determined according to Akuta et af,?® ?° and the
number of ISDR substitutions was established as in Enomoto
et al.’® 21 2 OF the 817 patients in the study, substitutions for
both ISDR and core70 could be determined for 379 patients.

SNP genotyping

We genotyped each patient for two IL28B SNPs previously
reported to be associated with treatment outcome, rs12979860
and 158099917.7"!" Samples were genotyped using the Illumina

20f7

HumanHap610-Quad Genotyping BeadChip or the Invader
assay, as described previously.? 2 The two SNPs are in strong
linkage disequilibrium, with a correlation coefficient of 0.99. SNP
genotypes for both rs12979860 and rs8099917 were determined
for 815 patients (99.7%).

Statistical analysis

All analyses were performed using the R statistical package
(http://www.r-project.org). Non-parametric tests (x° and
Mann—Whitney U tests) were used to detect significant asso-
ciations. All statistical analyses were two sided, and p<0.05 was
considered significant. Simple and multiple logistic regression
analyses were used to examine the association between viral
substitutions and clinical factors using p<0.05 as the criterion
for inclusion in the initial multivariate model. Multivariate
logistic regression analysis was performed using forward/back-
ward stepwise selection based on Akaike Information Criterion
(AIC) score and validated using the rms package in R. ORs and
95% Cls were calculated for each factor.

RESULTS

Patient characteristics

Patient profiles are shown in table 1. Forty-five per cent of
patients achieved an SVR, 22% swere transient responders and
33% failed to respond to treatment (NVR). Males were signifi-
cantly more likely to achieve an SVR than females (50% and
38%, respectively; p=0.0011), and younger patients were more
likely to achieve an SVR than older patients (59.2% and 40.9%
above and below median age 58, respectively; p=1.57E-6).
Patients who achieved an SVR also had lower y-glutamyl-
transpeptidase (yYGTP) levels (36 IU/1 vs 45 IU/L; p= 0.008) and
higher platelet counts (17.1 vs 15.3%10"%/1; p=3.649E-05) than
those who did not.

{L288 SNP genotypes

The genotypes of two IL28B SNPs were measured for each
patient. Because of linkage disequilibrium, SNP results are nearly
interchangeable. However, six patients showed an intermediate
haplotype consisting of the favourable genotype for rs8099917
(TT) but an unfavourable genotype for rs12979860 (CT),
whereas only one of the six patients achieved an SVR,
suggesting that rs12979860 is a better predictor of SVR in this
data set.

The frequency of the risk allele (T) for 1312979860 was 0.15
among all patients and 0.08 in SVR patients, 0.14 in TR patients
and 0.27 in NVR patients. Patients homozygous for the
1$12979860 favourable allele (CC) were significantly more likely
to achieve an SVR compared with those with TC or TT geno-
types (53% vs 24%, OR=3.55, p=3.95E-13). Conversely, patients
with the risk allele (TC or TT) were significantly more likely to
show an NVR (55% vs 25%; OR=0.265; p=4.4E-16). Patients
with the rs12979860 CC genotype had a marginally lower
baseline viral load (6.6 vs 6.4 log IU/ml; p=0.093), but showed
significantly greater reduction in viral load by week 4 of treat-
ment (—3.2 vs —0.8 log [U/ml; p<2.2E-16). The 1512979860 CC
genotype was also associated with wild type core70 (78% vs
54%; p=1.6E-6) and non-wild type ISDR (67% vs 83%;
p=0.007).

The frequency of the rs8099917 risk allele (G) was 0.15 among
all patients, 0.08 in SYR patients, 0.18 in TR patients and 0.26 in
NVR patients. Patients with the 18099917 TT genotype were
significantly more likely to achieve an SVR than patients with
GT or GG genotypes (53% vs 24%, OR=8.43, p=2.18E-12), and
GT/GG patients were significantly more likely to show an NVR

Hayes CN, Kobayashi M, Akuta N, ef al. Gur {2010). doi:10.1136/gut.2010.223485
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Table 1 Patient profiles by response to treatment

All (813) SVR (366) TR (176) NVR (271)
Sex (M/F) 459/354 231/135 84/92 144/127
Age 58 (51—65) 56 {47~63) 60.5 {56—65.25) 59 (52.5—66)
Body weight (kg) 59 (5267} 60 {52—68.25) 58 (51—66) 60 {52—66.4)
BMI {kg/m?) 22.61 {20.81—24.65) 22.44 (20.46—24.58) 22.35 {20.85—24.89) 22.76 {21.12~24.63)
Hypertension (yes/no} 1417672 61/305 29/147 51/220
Diabetes (yes/no} 97/716 31/335 25/151 41/230
Fibrosis {0—2/3—4) 138/421 52/227 34/81 52/113
Activity (0—1/2—3) 2747272 136/138 53/56 85/78
ISOR (0, 1/=2) ‘ 78/298 43/128 15/71 20/99
Amino acid 70 {wild-type/mutant) 256/139 137/45 54/35 65/59
Amino acid 91 (wild-type/mutant) 221/178 112/72 51740 58/66
WBC (/L) 471x10° (3.9X10°-5.7x10%  4.9%10° (4.0%10°—6.0x10% 4.6X10° {3.8x10°—5.4x10°) 4.6x10° (3.7>¢10°~5,5x 10°%)
Haemoglobin {g/dI) 14.1 {13.2—15) 14.2 (13.3—15.22) 13.9 {13.1~14.8) 14.1 {13.05—14.9)
Platelets {x10*L) 16.1%10° (12.5%10°~19.9%10%  17.1x10° (13.7x105-20.710% 15.5%10° (11.3x105—18.8X 10°) 15.1x10° {12 10°~19.210)
AST (iU 45 {34—65.5) 43 (32.25--64) 43.5 (33.25—66) 48 {37—66.5)
ALT (1U/1) 55 {37—87) 57 {37—-92) 50 {33—78) 53 {39—82.5)
YGTP {1UA) 40 (25—72) 36 (23—65.75} 36 (23—69) 52 (32—86la
Albumin (g/dl) 3.9 {3.7-4.1) 3.9 (3.7-4.1) 3.8 (3.7-4) 3.8 (3.7-4.1)
Total cholesterol {mg/dl} 171 (150—192) 169 {149.2—-192) 175 (158—191) 170 {148.5—192.5)
Viral load (log 1U/ml) 6.5 {6.1—6.9) 6.4 (5.9~6.825) 6.6 {6.3—7) 6.6 (6.2—7)
PEG-IEN-a2b (ng) 80 (80—100) 80 (80—100) 80 (75—100) 80 {60—100)

PEG-FN-c2b/kg {ug/kg) 1.19 {1.19~1.48)

Ribavirin {mg) 600 {600—300) 600 (600—800)
Ribavirin/kg {mg/kg) 8.9 (8.9-11.87) 10.29 {8.9—11.87)
rs12979860 (CC/CT/TT) 582/203/27 311/51/4
rsB099817 (TT/TG/GG) 588/199/25 311/51/3

1.36 {1.19—1.48)

1.19 {1.02—1.48)
600 (400--800)

1.19 (1.18~1.48)
600 {600—800)

8.9 {8.9-11.87) 8.9 (7.8—11.86)
128/43/4 143/109/19
132/40/4 145/108/18

For categorical data, the number of patients in each category is shown. For continuous data, the median and range are displayed.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; F, female; YGTP, y-glutamyltranspeptidase; ISDR, interferon sensitivity-determining region; M, male;
NVR, non-virological response; PEG-IFN, pegylated interferon; SVR, sustained virological response; TR, transient response; WBC, white blood cells.

(66% vs 25%; OR=0.26; p=3.33E-16). Patients with the
158099917 TT genotype had marginally higher baseline viral load
(6.6 vs 6.4 log IU/ml; p=0.077) but showed a significantly
greater drop in viral load by week 4 of treatment (~3.1 vs —0.8
log TU/ml; p<2.2E-16). The 158099917 TT genotype was also
associated with wild-type core70 (79% vs 56%; p= 3.1E-6) and
non-wild-type ISDR (68% vs 83%; p=0.015).

Viral substitutions
Patients whe achieved an SVR had significantly lower initial
HCV RNA levels than those who did not (6.4 vs 6.6 log ITU/ml;
=2.1E-6). The 140 patients (17%) with a substitution at posi-
tion 70 of the HCV core protein (core70) were significantly less
likely to achieve an SVR than patients with wild type core70
(83% vs 53%; p=0.00019) and were significantly more likely to
show an NVR (42% vs 25%; p=0.0018). The 179 (22%) of
patients with a substitution at position 91 (core91) were
marginaily less likely to achieve an SVR (41% vs 50%; p=0.08)
but were significantly more likely to show an NVR (37% vs 27%;
p=0.039). The 78 (10%) of patients who had two or more
substitutions in the ISDR of NSSA were only marginally less
likely to achieve an SVR than those with wild-type ISDR (43%
vs 55%; p=0.066) and were not more likely to show an NVR
(33% vs 26%; p=0.24).

Predictive factors for an SVR _

Significant univariate predictors for an SVR included patient
clinical factors (age, sex, diabetes, platelet count, white blood
cell count, haemoglobin level, yYGTP level); SNP genotype
(£s12979860 and rs8099917); and viral factors (baseline viral load
and core70, core91 and ISDR substitutions) (table 2). Following
multivariate analysis, only age, rs12979860 genotype, core70

Hayes CN, Kobayashi M, Akuta N, et al. Gut (2010). doi:10.1136/gut.2010.223435

substitution and baseline viral load were significant independent
predictors (figure 1A). The joint effects of 1512979860 and core70
on response to treatments are illustrated in figure 2.

Predictive factors for an NVR

Significant univariate predictors for an NVR included age,
1812979860 and 1s8099917 genotypes, core70 and cored1
substitutions, diabetes, aspartate aminotransferase (AST), base-
line viral load, platelet count, white blood cell count and
YGTP levels (table 3). Following multivariate analysis only age
and 1512979860 genotype remained as independent predictors
(figure 1B).

Predictive factors for change in viral load by week 4 of
treatment

Factors influencing virological response were assessed by exam-
ining change in viral load between the start of treatment and
week 4. Using linear regression, sex, rs12979860, rs8099917,
core70, core91, ISDR, baseline viral load, alanine aminotrans-
ferase (ALT), platelet count, white blood cell count, haemo-
globin level and yGTP were found to be significant univariate
predictors of change in viral load by week 4 (table 4). Indepen-
dent factors included 1512979860, core70, ISDR, ALT, platelet
count and YGTPR. We also found a significant positive linear
relationship between the total number of ISDR substitutions
and change in viral load between week 0 and week 4 (slope=0.2;
p=0.0047).

In patients with the favourable rs12979860 CC genotype,
core70 wild type was a significant predictor of viral decline
(p=0.007; figures 3A,B), but in patients with the CT or TT
genotypes, viral decline did not vary with respect to core/0
substitutions (p=0.18; figures 3C,D). Conversely, ISDR was not

30of 7
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Table 2 Predictors for a sustained virological response

Simple Multiple
Variabie [ oR p Value ] OR 5% Gl p Yaiue
Age 813 058  1.22E-08*%* 362 0432 03110060 6.H1EQ7%%
Sex {male vs female} 313 128  0.0006*** 362 1.2 0.95 10 1.54  0.133
BMI (kg/m?) 800 0.87 0.1286
1512979860 {CC vs TC/TT) 812  3.65  2.67E-14%%* 352 408 28110882  4.00E-08%**
s8099917 (TT vs GT/GG) 812 383 177E13%#*
Hypertension 813 092 0.6452
Diabetes 813 0.53  0.005807**
Core aminc acid 70 {wild type vs mutant} 385  0.42  5.828-05"** 362 0527 031089 0.01575¢
Core amino acid 91 {wild type vs mutant) 399  0.66  0.0419%
ISDR 376  1.12  0.1627
Viral ioad (log 1U/mt) 695 0.88  2.09E-06%** 362 0.77 0.62 10 0.96  0.02249*
Fibrosis (FO—1 vs FZ—4) 559 0.74 00817
Activity {AG—1 vs AZ—4) 546 096 07975
Total cholesterol {mg/di) 663 0.86 0.2151
AST (U 687 1.03 0.1069
ALT (1UA) 692 126 0.0920
Platelets {X10%L) 694 149  357E-05*** 362 1.39 0.97 10 198  0.073
WBC (/L) 693 131 0.0014%*
Haemoglobin {g/di) 693 128  0.0043**
YGTP (U} 646 0.96  0.0052**

Results of simple and multiple regression are shown. Factors with a p value <0.05 were included in the multivariate model, Variables
werz selected using stepwise selection. Asterisks indicate level of statistical significance: *<0.05; **<0.01; ***<0.001.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; YGTP, y-glutamyltranspeptidase;

ISOR, interferon sensitivity-determining region; WBC, white blood cells.

a significant predictor of viral decline in patients with the
1512979860 CC genotype (p=0.078; figures 4A,B), but patients
with the CT or TT genotypes and two or more substitutions in
the ISDR showed significantly greater viral decline by week 4
than patients with zero or one ISDR substitution (p=0.007;
figures 4C,D).

DISCUSSION

In this study we showed that host factors (younger age, male
sex, favourable IL28B SN genotypes) as well as viral factors
(baseline viral load, wild-type core70 and two or more substi-
tutions in the ISDR) contribute to the successful outcome of
PEG-RBV combination therapy. Although some of these factors
independently predict an SVR or NVR in multivariate analysis,
collectively they reflect a complex genotype-by-environment

( A; Cidds Ratlos for SVR
G50 1400 200 400 840
L i 3 H 3 Pob by
Age Comsjmm = 8.6 107
re 12979880 : P= a4y 108
Core 2870 ot P 0.016
. = LA
Virzl toad i # =00
Fiateiet count Ss i P=0.073
Sex rden P=0133

Figurs 1

interaction involving common polymorphisms in both the virus
and the human host.

Genetic variation within the human IL28 locus has been
reported as the strongest pretreatment predictor of an SVR,’®
and the results of this study support this finding. Several tightly
linked SNPs in the non-coding region of IL28A and IL28B have
been shown to be associated with spontaneous viral clearance,
rapid and early virological response and/or SVR following
treatment with interferon and ribavirin for HCV genotype
1.5 [128A, I1.28B and IL29 code for type I (A) interferons,
which are similar to type I interferons but use a different
receptor and show high tissue specificity.”’ *® It has not been
determined which, if any, of the reported SNPs directly affects
function, but the functional SNP probably affects gene expres-
sion. IRF3- and IRF7-binding sites near the transcription start

{B) Cdds Ratios for NVR
o5 100 200
t P ! I3l
Age I pegsx 07
5 : P= 1,96 10°

Corg gayt P=0068
Plaiglet count Pz 102

ORs for predictive fectors response 1o treatment. ORs and 95% Cls are shown for predictive factors for (A} sustained virological response

{SVR)} and {B} non-virological response {NVR) based on multiple logistic regrassion with stepwise selection.
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P=0,042 P=0.036 n.5.{P=0.205)

f by f
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Figure 2 Cumulative effects of rs12979860 genotype and core protein
amino acid 70 substitutions. The relative effects of rs12979860
genotype (favourable CC vs non-favourable CT/CC) and core amino acid
70 substitutions (favourable wild type vs unfavourable substitutions} on
response to treatment are shown. NVR, non-virological response; TR,
transient response/relapser; SVR, sustained virological response.

site of IL.28B are essential for gene expression, but distal clusters
of nuclear factor-kB (NF-kB)-binding sites are necessary for
maximal expression,®® % suggesting that upstream poly-
morphisms may potentially disrupt transcription factor-binding
sites within a distal promoter or enhancer. Unintuitively, inter-
feron-stimulated genes are downregulated in patients with the
favourable rs8099917 TT genotype,® implying that responders
have a lower baseline expression of immune response genes.®?
This might serve to prevent desensitisation and promote
maximal induction of interferon-stimulated genes, but detailed

Table 3 Predictors for a non-virological response

gene regulation studies are needed to resolve the role of IL28B
polymorphisms in antiviral defence.

In addition to effects of human genetic polymorphisms,
a number of studies have reported significant association
between HCV core70/core91 substitutions and treatment
outcome.”® % % We found significant independent associations
between core70 substitutions and an SVR, as well as change in
viral load by week 4, but the association was not significant for
an NVR under multivariate analysis despite being highly
significant in univariate analysis. Although the role of core70
substitutions is unclear, the core protein interacts with
a number of viral and host proteins and disrupts the interferon
signalling pathway.** %7 The proportion of core70 substitutions
in the host viral population has been reported to increase during
treatment with PEG-RBV therapy, which may indicate positive
selection at this position in response to treatment.® Substitu-
tions at these positions appear to affect the antiviral response
during the early stages of treatment, as wild-type core70 and
core91 are associated with a rapid decrease in HCV RNA levels
during the first 4 weeks of treatment.® * Because a rapid
virological response is also a strong predictor of SVR and NVR,
core/0 and core91 substitutions may affect treatment outcome
either directly or indirectly.** #!

Unlike HCV core70 substitutions, we found only a marginal
association between ISDR substitutions and SVR, and no asso-
ciation with NVR. However, ISDR substitution was a signifi-
cant independent predictor of change in viral load by week 4.
The presence of two or more mutations in this 40 amino acid
stretch of the NS5A protein is associated with an SVR.>* #2
Other studies have found no significant association between
ISDR and SVR but have found a higher overall mutation rate in
the NS5A protein among SVR patients,”® * and one study
suggests that the association with ISDR varies by strain and is
more pronounced in Japan than in Europe.®® It is not clear
whether mutations in ISDR directly affect function or whether
they reflect the genetic distance from an interferon-resistant

Simple Multiple
Variable n OR p Value ] GR 85% Cl p Value
Age 813 1.30 0.01306* 370 155 11210 2.158  0.008367**
Sex {male vs female) 813 080 0178
BMI (kg/m?) 800 1.07 0.3899
12979860 {CC vs TC/TT) 812 0.26  273E-17%** 370 0.231 01410 0.38  1.96E-08%**
rs8099917 {TT vs GT/GG) 812  08.26  1.51E-17%**
Hypertension 813 1.16  0.4323
Diabetes 813 1.55  0.04885%
Core amino acid 70 {wild type vs mutani) 395 217  0.000496%**
Core amino acid 91 (wild type vs mutant} 398 1.66  0.02029* 3710 158 0.96 t0 2.60  0.06943
iSDR 376 092 0.06197
Viral load (log iU/mi) 695 1.32  0.01716*
Fibrosis {FO—1 vs F2—4} 559 124  0.2608
Activity {AG—1 vs A2—4) 546 112 0.5499
Totel cholesterol (mg/d) 663 098 0.5824
AST (IUA) 687 1.02 0.03148*
ALT (U4} 692 091 08772
Platelets (X 10%L} 684 076  0.008222%* 370 0738 05116107 Q1077
WBC {/L) 633 0.83 0.04617%
Haemoglobin {g/dl} 693 084 0.1201
YGTP (U} 646 1,15 1.23E-05%%*

Resulis of simple and muliiple regression are shown. Factors with a p value <0.05 were included in the muttivariate model, Variables

were selected using stepwise selection. Asterisks indicate lavel

of statistical significance: *<0.05; **<0.01; ***<0.001.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; 8MI, body mass index; Y8TP, y-glutamyltranspeptidase;
{1SDR, interferon sensitivity-determining region; WBC, white blood cells.
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Table 4 Prediciors for change in viral load by week 4 of treatment

Simple Multiple
Variable a Coefficient  p Value ] Coeificient  p Value
Age 500 -0.01 0.138
Sex {male vs female) 500 ~0.23 0.005%*
BMI {kg/m?) 496 0.00 0.958
1512879860 (CC vs TCAT) 500 2.11 5.18E-38%** 221 1.37 1.35E-08%#*
rs8099917 (TT vs GT/GG} 498 210 1.40E-36***
Hypertension 500 -0.25 0.249
Diabetes 500 ~0.31 0.19
Core amino acid 70 (wild type vs mutant) 258 ~1.01 1.38E-05%%* 221 —0.685 0.001328**
Core amino acid 81 (wild type vs mutant) 262 ~0.77 0.000***
ISDR 247 0.20 0.006%* 221 0.186 0.001878%*
Viral load {log 1U/rml) 500 037 0.000%** 221 0414 0.00072%**
Fibrosis (FO—1 vs F2—4) 397 -~0.22 0.217
Activity {AD—1 vs A2—4) 383  -0.0 0.578
Total cholesterol {mg/dl} 472 0.00 0.064
AST (UM 430 0.00 0.442
ALT (1UA) 493  0.00 0.005%* 221 0.00606 0.008895%*
Platelets {x10%1L} 495 - 0,03 0.048* 221 0.0701 7.28E-05%%%
WRBC {1} 495  0.00 0.027*
Haemoglobin (g/dl} 495 0.13 0.013*
YGTP (UM 480  0.00 0.001%%% 221 —0.00834 0.002095%*

Results of simple and muitiple regression are shown, Factors with a p value <0.05 were included in the muitivariate model. Variables
were selected using stepwise selection. Asterisks indicate level of statistical significance: ¥<0.05; **<0.01; ***<0.001.
ALT, alanine aminotransferase; AST, aspartate aminctransferase; BM, body mass index; YGTP, v-glutamyitranspeptidase;
ISDR, interferon sensitivity-determining region; WBC, white blood cells.

strain. Nonetheless, the NSSA protein has been shown to be
under purifying selection** and plays a critical role in both viral
replication®® * and modulation of the immune response.*®
Therefore, the number of substitutions in one or more variable
regions of the NSS5A may be a useful predictor of early viral
dynamics and an indirect predictor of SVR, although in this
study we found a significant effect only for change in viral load
by week 4 of treatment.

A number of factors have now been reported to influence
outcome of PEG-RBV therapy, and it is important to determine
which of these factors represent independent, clinically useful
predictors. Because of the expense and occasionally severe side
effects of the current standard of care, reliable pretreatment
indicators, especially of poor response, will help guide treatment
decisions and steer difficult-to-treat patients towards more

(A) cCandcore70wild (B) CCandcore 70 nutant
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Figure 3 Change in viral foad by iL28B single nucleotide polymorphism
{(SNP) genotype and hepapiiis € virus (HCV) core protein substitutions.
The change in viral load betwesen the start of treatment and after

4 weeks plotted by rs12979860 genotype and wild/mutant amino acid at
core70 is shown.
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effective treatments or enrolment in clinical trials. In order to
identify the most important independent predictors, it will be
necessary to disentangle the intriguing interactions between
human and viral polymorphisras as well as gain better under-
standing of the role of type II interferon in the immune
response against HCV.
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Predictive value of the IL28B polymorphism on the effect
of interferon therapy in chronic hepatitis C patients with
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Background & Aims: Common IL28B locus polymorphisms (SNPs
rs8099917 and rs12979860) have been reported to affect peg-
interferon plus ribavirin combination therapy (PEG-RBV) for hep-
atitis C virus (HCV) genotype 1b, but few reports have examined
their effect on other two common genotypes, 2a and 2b.
Methods: We analyzed predictive factors for sustained virologi-
cal response (SVR) in a retrospective study of 719 patients with
either genotype 2a (530) or 2b (189). Of these patients, 160 were
treated with PEG-RBV and 559 were treated with interferon
monotherapy. We evaluated predictive factors including HCV
RNA, histological findings, IL28B SNP genotypes (rs8099917,
rs12979860, and rs12980275), and the effect of treatment regi-
men and prior treatment history.

Results: HCV RNA viral load, treatment regimen, and rs8099917
genotypes independently contributed to the effect of the therapy.
For patients treated with PEG-RBV, rs8099917 and viral load
were independent predictive factors for SVR in genotype 2b but
not in genotype 2a. Conversely, in patients treated with inter-
feron monotherapy, viral load and rs8099917 were independent

Keywords: Interferon therapy; Single nucleotide polymorphism; Ribavirin; Hep-
atitis C.
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predictive factors for SVR in genotype 2a but not in genotype
2b. The favorable rs8099917 genotype is also associated with a
steep decline in viral load by the second week of treatment.
Conclusions: Initial viral load and rs8099917 genotype are sig-
nificant independent predictors of SVR in genotype 2 patients.
© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

Hepatitis C virus (HCV) infection is a major worldwide cause of
chronic liver diseases, affecting an estimated 170 million people
[1]. Chronic HCV infection may progress to hepatocellular carci-
noma (HCC) or liver cirrhosis (LC) [2-6], and in Japan, 60-70%
of patients with HCC or LC are HCV carriers [7]. There are two
major genotypes (1 and 2) and three sub-genotypes (1b, 2a,
and 2b) in Japan as well as in many other countries [8]. Although
pathological features of these genotypes are similar [9,10], inter-
feron therapy is more effective against genotype 2 than genotype
1{11,12]. Compared to the less than 50% of genotype 1 patients
who respond to therapy [13-19], more than 80% of genotype 2
patients who received 24-week peg-interferon and ribavirin
(PEG-RBV) combination therapy achieved sustained virological
response (SVR), defined as absence of HCV RNA six months after
the cessation of therapy. Because of this otherwise high success
rate, the small subset of genotype 2 patients who fail to respond
to therapy should be examined more closely. Although treat-
ment-resistant genotype 2 sub-populations have been reported
[20-22], the mechanism underlying variable response to treat-
ment is unclear. Multiple viral (e.g., HCV genotype, amino acid
substitutions in the NS5A and core region [22-26]) and host fac-
tors (e.g., age [14], body mass index [27], and insulin resistance
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Table 1. Baseline characteristics of patients with HCV genotypes 2a and 2h.
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All (n=719)

2a (n = 530)

2b (n = 189)

57 (49-64)

Treatment (IFN/PEG-RBV)

'HCV RNA (log 1U/ml)

565/137/11

r$12979860 (CG/TC/TT)

56 (48-64)

422/98/7

' 59(50-66)

82/107

5.9 (5.5-6.5)

143/39/4

SVR/non-SVR 455/264

340/190 115/74

IFN, interferon monotherapy; PEG-RBV, peg-interferon plus ribavirin combination therapy; SVR, sustained viral responder.

[28]) have been reported to affect the outcome of interferon ther-
apy in genotype 1-infected patients but such factors have not
been closely examined in genotype 2 patients.

Single nucleotide polymorphisms (SNPs) and other genetic
factors have been reported to be useful in predicting the out-
come of interferon therapy. Polymorphisms in MxA [29,30],
interferon alpha-receptor 1 [31], and osteopontin [32] have also
been reported to be associated with interferon response. We
also identified a MAPKAPK3 SNP [33] that is a predictive factor
for interferon mono-therapy. Recently, several groups have
reported an association between several SNPs in the [L28 locus
and the effect of PEG-RBV combination therapy for genotype 1b
[34-38] but only a few studies have examined the role of these
SNPs in the treatment of other genotypes. In this study, we
analyzed predictive factors for SVR in genotype 2a and 2b
patients treated with PEG-RBV. Because PEG-RBV was only
approved for use in Japan in 2005, we also examined predictive
factors in patients who were treated with interferon mono-
therapy, which is still used in the event of an adverse reaction
to ribavirin.

Patients and methods
Patients and study design

We studied 719 Japanese patients with chronic hepatitis C (positive for HCV
RNA for more than 6 months) who received interferon therapy with or with-
out ribavirin between 2002 and 2008. Patients were treated at Toranomon
Hospital in Tokyo, Hiroshirna University Hospital, and hospitals belonging
to the Hiroshima Liver Study Group (http://home.hiroshima-u.acjp/naikal/
hepatology/english/study.html). All patients were negative for hepatitis B sur-
face antigen, had no evidence of other liver diseases, such as auto-immune
hepatitis or alcoholic liver disease, and had not received immunosuppressive
therapy before enrollment in the study. All patients gave written informed
consent to participate in the study in accordance with the ethical guidelines
of the 1975 Declaration of Helsinki and according to the process approved
by the ethical committees of Hiroshima University and the SNP Research
Center at the Institute of Physical and Chemical Research (RIKEN) in
Yokohama. '

PEG-RBV patients received weekly injections of peg-interferon-alpha-2b at
1.5 g/kg body weight for 24 weeks. Ribavirin was administered orally, and the
dosage was determined based on the patient's body weight (600 mg for <60 kg,
800 mg for 60-80 kg, 1000 mg for >80 kg). Patients receiving interferon mono-

therapy were treated daily with 6 million units of IFN intramuscularly for
8 weeks, followed by the same dose three times a week for 16 weels, for a total
of 528 million units. Successful treatment was ascertained based on sustained
virological response (SVR), defined as HCV RNA-negative six months after cessa-
tion of therapy. Fibrosis stage and activity were diagnosed by pathologists at each
hospital according to the criteria of Desmet et al. [39]. Patients were classified as
interferon treatment naive or experienced based on prior interferon treatment
but only parameters related to the most recent therapy were used in the analysis.

SNP Genotyping and quality control

We genotyped each patient for three IL28B SNPs previously reported to be asso-
ciated with therapy outcome: rs8099917, rs12979860, and rs12980275. Samples
were genotyped using the Illumina HumanHap610-Quad Genotyping BeadChip or
the Invader assay, as described previously {40,41]. We were unable to determine
genotypes for one of the 796 patients for rs8099917, six of the patients for
rs12979860, and two for rs12980275.

ns

p=027 £=0.033

TT GT/IGG TT GT/IGG
IFN-o PEGRBV IFN-o PEGRBV

= ) % )

TT GT/IGG TT GT/IGG

Fig. 1. Effect of interferon therapy on patients with genotype 2a and 2b
infection. Sustained viral responders (SVR) and non-responders (non-SVR) were
analyzed by IL28B SNP rs8099917 genotype, viral genotype, and treatment type.
All patients were interferon-naive.
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Table 2. Predictors for SVR in treatment-naive patients treated with peg-interferon plus ribavirin combination therapy.

Simple

Genotype Variable n P

Multiple

OR (95% Cl) p

130 0.62

Viral load 127 0.002 **

127

2a Age 46 0.77

Viral load 44

Viral load 83 0.01 *

83 0.13

(0.03-0.62) 0.01 *

rs8099917 84

83

(0.06-0.80) 0.02 *

*p <0.05; **p <0.01; ™*p <0.001.

HCV RNA levels

HCV RNA levels, corresponding to initial viral load, were measured using one of
several RT-PCR-based methods (the original Amplicor method, the high range
method, or the TagMan RT-PCR test). The measurement ranges of these assays
were 0.5-850 KIU/ml, 5-5000 KIU/ml, and 1.2-7.8 log IU, respectively. Saturated
samples were diluted with PBS and reanalyzed. All values were reported as
log IU/ml

Statistical analysis

Genotype-based associations were tested using the Cochran-Armitage trend test.
Combined analysis was performed using the Mantel-Haenszel method. Simple
and multiple regression analyses were used to examine the association between
viral and clinical factors using p <0.05 as the criterion for inclusion in the multi-
variate model. HCV RNA was converted into a binary variable based on the med-
ian, Multivariate logistic regression analysis was performed using the Design
package in R (http://www.r-project.org) with fast backward elimination and val-
idation based on AIC score for model construction.

Results

Clinical characteristics are summarized by genotype in Table 1.
The SVR rate was slightly but not significantly higher among
patients with genotype 2a (340 out of 530; 64%) compared to
genotype 2b patients (115 out of 189; 61%) (p = 0.43). Patients
who were treated with PEG-RBV had a slightly but not signifi-
cantly higher rate of SVR (111 out of 160; 69%) than patients trea-
ted with interferon monotherapy (344 out of 559, 61%) {(p = 0.08).
Because the number of patients treated with interferon mono-
therapy (559) greatly exceeds the number of patients treated with

PEG-RBV (160), patients were analyzed separately by treat-
ment type. Because 30 out of the 719 patients (4%) had received
prior interferon treatment, only treatment-naive patients were
included in the analyses mentioned below, followed by a separate
analysis of the effect of prior interferon treatment on SVR rate.

1L28B polymorphisms

Minor allele frequencies for rs8099917, rs12979860, and
rs12980275 were 0.109, 0.112, and 0.132, respectively. The
frequency of the rs8099917 risk allele was lower in SVR patients
than non-SVR patients (0.089 vs. 0.14; p = 1.03e-05). Therisk allele
frequency among all patients was slightly higher than in the
HapMap-JPT population (0.109 vs. 0.093; p = 0.01) but lower than
in the HapMap-CEU population (0.109 vs. 0.183; p = 1.6e-05). We
compared rs8099917 allele and genotype frequencies with 900
healthy Japanese subjects but found no significant differences.
67% of patients (372 out of 552) with the favorable rs8099917 TT
genotype achieved SVR, compared to 51% (70 out of 136) of patients
with GT or GG genotypes. Fig. 1 shows the joint effects of treatment
type, viral genotype, and rs8099917 genotype. In every case results
for rs8099917 and rs12979860 are the same, but both factors
cannot be included in a multivariate model simultaneously due
to multicollinearity, so resuits for rs8099917 are presented due to
the higher genotyping success rate.

Predictive factors for SVR in patients treated with PEG-RBV

Among treatment-naive patients treated with PEG-RBV, 78% (83
out of 106) of patients with rs8099917 TT achieved SVR compared
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Fig. 2. Effect of rs8099917 genotype and HCV genotype on change in HCV RNA
levels. HCV RNA levels at 0, 2, and 4 weeks after the start of peg-interferon plus
ribavirin combination therapy in treatment-naive patients. (A and B) Change in
viral load for patients with the protective TT genotype for rs8099917 (A)
compared to patients with the GT or GG genotypes (B). (C and D) Change in viral
load for patients with HCV genotype 2a (A) versus genotype 2b (B).

to 67% (16 out of 24) of patients with non-TT genotypes
(p =0.29). In univariate and multivariate analyses, only viral load
was an independent predictive factor for SVR (p = 0.002; Table 2),
but when we examined genotypes 2a and 2b separately,
rs8099917 genotype (p = 0.02) and viral load (p = 0.01) were both
significant independent predictors of SVR for patients with geno-
type 2b, whereas no significant univariate or multivariate predic-
tors were found for patients with genotype 2a. Notably, however,
all 8 patients with genotype 2a with rs8099917 GT/GG achieved
SVR (Fig. 1). The same pattern held for patients with rs12979860
TC/TT (9 SVR, 0 non-SVR) and rs12980275 GA/GG (11 SVR, 0 non-
SVR) genotypes. Moreover, none of these patients was homozy-
gous for the risk allele at each SNP.

Change in HCV RNA levels for patients treated with PEG-RBV

HCV RNA levels at the start of PEG-RBV therapy and after 2 and 4
weeks of treatment are plotted by rs8099917 genotype and viral
genotype in Fig. 2. Under multivariate analysis, rs8099917 geno-
type was an independent predictive factor for change in HCV RNA
level by week 2 (p = 0.036) but viral genotype was not significant
(p = 0.15). For changes in HCV RNA levels by week 4, neither the
rs8099917 genotype nor the viral genotype was significant
(p=0.17 and p = 0.22, respectively).
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Predictive factors for SVR in patients treated with interferon
monotherapy

Among patients treated with interferon monotherapy, 65% of
patients with rs8099917 TT achieved SVR, compared to only
48% of patients with GT or GG genotypes (p = 0.002). Viral load
and the rs8099917 and rs12980275 genotypes were significant
univariate predictors of SVR, and under multivariate analysis
viral load and rs8099917 remained as independent predictors
(Table 3). When genotypes 2a and 2b were analyzed separately,
viral load (p =0.001) and rs8099917 genotype (p = 0.014) were
independent predictive factors for SVR in patients with genotype
2a but no significant univariate of multivariate terms were found
for genotype 2b.

Effect of prior interferon treatment

Thirty out of the 719 patients (4%) had previously received treat-
ment with interferon. Among these patients, only 40% achieved
SVR, compared to the 64% SVR rate among treatment-naive
patients. Initial viral load was the only independent predictor of
SVR in these patients, whereas in treatment-naive patients, viral
load, rs8099917 genotype, and treatment type (PEG-RBV vs inter-
feron monotherapy) were independent predictors of SVR
(Table 4).

Development of resistance to interferon therapy

Over the course of therapy five patients developed resistance to
PEG-RBV treatment. In each case the patient showed an initial
drop in viremia followed by viral breakthrough. Three out of
the five patients were heterozygous (T/G) for the rs8099917
genotype and two out of the five were homozygous for the favor-
able allele (T/T).

Discussion

As the effect of IL28B polymorphism has not been reported sepa-
rately for genotype 2 and its subtypes so far, we investigated
whether the polymorphism influences treatment outcome in
patients with HCV genotype 2a and 2b infections. In addition to
previously reported effects for genotypes 1 and 4, our results
demonstrate that polymorphisms in the IL28B locus are also pre-
dictive for SVR in genotype 2 (Table 2). We also showed that the
favorable /L28B SNP genotype is associated with a rapid decrease
in HCV RNA levels, which is itself a predictive factor for SVR [42].
Several studies have reported that polymorphisms at the IL28B
locus affect the outcome of peg-interferon and ribavirin combina-
tion therapy in patients with HCV genotype 1b [34-36,38]. In
particular, associations with therapy outcome have been reported
for two SNPs in strong linkage disequilibrium, rs8099917 (T/G),
and rs12979860 (C/T). Only a few studies have examined the
effect of the SNP on the treatment outcome for other genaotypes.
Rallén et al. reported that the rs12979860 genotype is associated
with treatment outcome for genotypes 1 and 4 but not genotype
3 in patients with HIV/HCV co-infection [43]. Similarly Rauch
et al. reported an association between rs§099917 polymorphism
and NVR for genotypes 1 and 4 (difficult-to-treat) but not for
genotypes 2 and 3 (easier-to-treat) but the effect due to genotype
2 alone is unclear [38]. In a recent study, Mangia et al. also exam-
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Table 3. Predictors for SVR in treatment-naive patients treated with IFN monotherapy.

Simple

Multiple

OR (95% CH) p

Genotype Variable n P

Za+ 2b: A

0.17

0.0002 ***

rs8099917 476 0.003 **

506 0.59

424 0.53

0.45-0.77 0.0001 **

(0.32-0.88) 0.014 *

2b Age 82 0.67

Viral load 82 0.47

*p <0.05; **p <0.01; ***p <0.001.

ined genotypes 2 and 3 and found a significant association
between rs12979860 genotype and rapid virological response
(RVR) at week 4 for genotype 2 [44]. While rs12979860 was
not directly associated with SVR in their study, rs12979860 geno-
type was significantly associated with SVR among those patients
who failed to achieve RVR. In this study, we found a significant
association between rs8099917 genotype and RVR in multivari-
ate analysis for genotype 2b (p = 0.028, data not shown) but not
for genotype 2a. When RVR was included as a factor in multivar-
iate logistic regression analysis for genotype 2b, RVR and
rs8099917 genotype were both retained in the final model but
only RVR was significant (RVR: p=4.9e-05; rs8099917:
p =0.0850; data not shown). When only non-RVR patients were
included, no factors were significant; however, there were only
six patients who achieved SVR without RVR and only one patient
who achieved RVR but then failed to achieve SVR.

Although SVR rate was generally higher for genotype 2a, as
reported previously {20,21], we found few differences between
genotypes 2a and 2b. However, when analyzed separately, the
results suggest an interesting interaction between the IL28B geno-
type, the viral genotype, and treatment type. In particular, we
found that rs§099917 was a predictive factor for genotype 2a trea-
ted with IFN butnot PEG-RBV, and conversely for genotype 2b trea-
ted with PEG-RBV but not IFN. This result is likely due to the
relatively small sample sizes, but nonetheless all 8 (100%) of the
genotype 2a PEG-RBV patients lacking the favorable rs8099917
genotype achieved SVR, compared to less than 50% for IFN therapy
or either type of treatment with genotype 2b. In fact, each patient
was heterozygous for each of the three IL28B SNPs examined. A fur-
ther complication is that each of the five patients who developed
resistance to interferon therapy was infected with genotype 2a,

and two of these patients had the favorablers8099917 TT genotype
while the others were heterozygous (GT). More detailed analysis
will be required to interpret these results.

Because PEG-RBV therapy was not covered by insurance in
Japan until 2005, we also present data comparing the effects of
IL28B polymorphisms on treatment with the older IFN mono-
therapy versus the more recent PEG-RBV combination therapy.
Although the small sample sizes within each patient group likely
underestimate the effect of SNP genotype, we found that
rs8099917 influences response to IFN monotherapy in patients
with genotype 2a and also influences the response to PEG-RBV
therapy in patients with genotype 2b. Although PEG-RBV is cur-
rently the standard treatment for chronic hepatitis C infection,
interferon monotherapy may still be used in the case of intoler-
ance to ribavirin; therefore, it is important to understand the
direct effects of interferon with and without ribavirin. Moreover,
even with the advent of protease inhibitors and other antiviral
drugs undergoing clinical trials, they are likely to be co-adminis-
tered with interferon to prevent the otherwise rapid emergence
of resistant quasispecies [45].

In summary, we showed that the [L28B SNP genotype is an
important predictive factor for SVR and early viral dynamics in
patients with HCV genotypes 2a and 2b.
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Table 4. Comparison of predictive factors for SVR based on prior treatment with interferon.

Simple

Variable n I}

Multiple

OR (95% CI) p

(0.51-0.79)

(0.38-0.85)

Viral load 634 0.0011 **

633 0.53

(0.41-0.69) 2.00E-06 ***

rs8099917 688

633 0.5

(0.33-0.77) 00015 **

30 0.75

*

Viral load 29

Treatment 30 N/A

29 0.21

(0.05-0.87) 0.032 *

*5 <0.05; **p <0.01; **p <0001,
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