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Abstract

Background: Chronic hepatitis C virus genotype 1 (HCV-G1)
infection is treated with pegylated interferon-a and ribavi-
rin. Predictive factors for treatment success are even more
important now as direct-acting antiviral agents are available.
Methods: Clinical and laboratory parameters were analyzed
by uni- and multivariate statistical means in 264 patients
with HCV-G1 infections with regard to treatment outcome.
Results: The overall sustained virological response (SVR) rate
was 44%. Univariate analyses revealed SVRs to be associated
with age, high alanine aminotransferase (ALT) and low y-glu-
tamyltransferase (y-GT) serum activities, a low pretreatment
v-GT/ALT ratio, rapid virological response (RVR), and absence
of steatosis. Multivariate analyses unveiled IL28B rs12979860
genotype (CCvs.CT: OR=12.8,Cl: 1.5-4.9,p=0.001; CCvs.TT:

OR =71, Cl: 3.1-16.7, p < 0.001), low pretreatment y-GT/ALT
ratio (OR=2.5, Cl: 1.7-3.3, p<0.001), age (OR=10.96, Cl: 0.94—
0.98, p = 0.001) and RVR (OR = 4.18, Cl: 2.85-8.65, p < 0.001)
to be significantly related to treatment outcome. Patients
with the IL28B rs12979860 CC genotype and a low pretreat-
ment y-GT/ALT ratio achieved the highest rate of a SVR with
the highest predictive values (OR =26.7,95% Cl: 10-71.1, p<
0.0001). Conclusion: The pretreatment y-GT/ALT ratio signif-
icantly enhances the predictability of the IL28B genotype.
Employing this combination will help to identify patients
who will most likely benefit from an interferon-a-based
combination therapy in a nontriaged ordinary setting.
Copyright © 2012 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) is a positive-stranded RNA
virus that chronically infects approximately 3% of the
world population [1]. Infection with HCV induces innate
and adaptive immune responses that achieve permanent
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control of HCV in 20-50% of the infected individuals [2,
3]. A failure to clear HCV leads to the development of the
clinical complications of chronic hepatitis C. Chronic in-
fection occurs in the majority (55-85%) of individuals in-
fected [4]. As a result, HCV-associated liver disease lead-
ing to cirrhosis is still the most common indication for
liver transplantation in Western countries [5]. Chronic
HCV infection is also a major risk factor for the develop-
ment of hepatocellular carcinoma [1].

The current standard combination therapy with peg-
ylated interferon-a and ribavirin (PEG-IFN-a/RBV)
fails to produce a sustained viral response (SVR) in half
of the individuals with chronic HCV genotype 1 (HCV-
G1) infection [6, 7]. SVR relies on both viral and host fac-
tors [8]. In recent years, various predictive factors for the
therapeutic outcome in chronic HCV-G1 infection have
been described. These include demographic, virological,
laboratory, histological and genetic factors. In all large
prospective studies, younger age has been associated sig-
nificantly with a SVR when assessed by uni- or multi-
variate analyses [6, 7]. In contrast to age, female gender
was a significant factor for SVR in univariate analyses
only in both PEG-IFN-a and RBV registration trials [6,
7]. Essentially, HCV baseline viral load, HCV genotype
and rapid virological response (RVR) were found to be
the most important predictors of a SVR [6, 7, 9, 10].

Dichotomous data exist with regard to baseline ala-
nine aminotransferase (ALT) serum activity. In two pro-
spective trials, serum ALT activity was not related to
SVR. In contrast, in retrospective studies using multi-
variate multinomial logistic regression analysis, high
ALT activity was associated with treatment outcome [7,
11, 12]. In addition, low pretreatment serum y-glutamyl-
transferase (y-GT) activity was found to be significantly
and independently related to SVR in multivariate regres-
sion analyses [12, 13]. A low pretreatment serum y-GT/
ALT ratio was recognized as a simple predictive factor for
therapeutic outcome in individuals infected with either
genotype 1 or 3 both in retro- and prospective analyses
[14, 15]. These two laboratory parameters have also been
described as being associated with a successful therapeu-
tic outcome in patients treated with triple therapies [16].
Moreover, multivariate regression analyses have identi-
tied histological features as the absence of cirrhosis and
the absence of steatosis to be predictive for HCV eradica-
tion [17-19].

More recently, several genome-wide association stud-
ies have identified genetic variations within the interge-
nic region of interleukin 28B (IL28B), which is associated
both with spontaneous HCV clearance [20] and SVR to

High Predictability of a SVR in Chronic
HCV-GI Infection

antiviral therapy in HCV-Gl-infected individuals [21-
24]. Moreover, total PEG-IFN-a dose has been associated
with treatment outcome in multivariate analysis [25].
Akuta et al. [26] reported that an amino acid substitution
in the HCV core region and the genetic variation T/G of
IL28B rs8099917 predict the response to triple therapy in
individuals with HCV-GI infection. With respect to a
widening spectrum of available direct-acting antiviral
agents, reliable predictive factors appear to be even more
important in making a therapeutic decision for an IFN-
o/RBV-based therapy versus the newer more expensive
triple drug therapeutic regimens.

To address this issue, uni- and multivariate analyses
for treatment outcome were performed including the host
genetic variation (rs12979860) within the IL28B gene and
demographical, laboratory, virological and histological
parameters, as well as the pretreatment ratio of serum vy-
GT/ALT as potential predictive tools to identify chronic
HCV-Gl-infected individuals who are likely to obtain an
SVRinresponse to an IFN-o/PEG-IFN-a and RBV com-
bination therapy.

Patients and Methods

Patients and Study Design

A total of 264 mainly Caucasian (97%) patients with a chronic
HCV-GI infection (positive for HCV-RNA for more than 6
months) were included in this study and had their records re-
viewed. Their disease chronicity was confirmed histopathologi-
cally utilizing established criteria [27]. The patients, who refused
liver biopsy, had their disease chronicity characterized by longi-
tudinal observation in combination with clinical parameters and
noninvasive imaging studies. All 264 patients were treated by the
Department of Gastroenterology and Endocrinology, University
Medical Centre of Gottingen, Germany. Patients with an active
hepatitis B virus or human immunodeficiency virus infection, or
who continued alcohol abuse or were receiving immunosuppres-
sive medications were excluded. All patients gave written in-
formed consent to participate in the study in accordance with the
ethical guidelines of the 1975 Declaration of Helsinki and the Eth-
ical Committee of the University Medical Center. Additionally,
written informed consent was obtained from the patients to per-
form the IL28B genetic testing. The patients were treated with
either recombinant IFN-a,, or recombinant IFN-a,y, at an initial
dose of 3 X 10° IU three times per week in combination with
weight-based RBV (1,000 or 1,200 mg per day) or PEG-IFN-a,;, at
a dose of 1.5 pg/kg body weight in combination with weight-
based RBV (800-1,400 mg per day) or 180 g PEG-IFN-a,, in
combination with weight-based RBV (1,000 or 1,200 mg per day).
Depending on the individual’s tolerance and response parame-
ters, both the dose and duration were adjusted appropriately. Ini-
tial laboratory responses were defined by the normalization of the
serum aspartate aminotransferase and ALT activities. Serum
HCV-RNA was monitored monthly. RVR was defined as the elim-
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ination of viral RNA (<12 IU of viral genomes per ml serum) dur-
ing the first 4 weeks of therapy. Successful treatment was defined
as an SVR (the primary endpoint with HCV RNA below <12 TU
of viral genomes per ml serum) 24 weeks after the end of treat-
ment. Enzymatic activities of serum ALT and y-GT were ana-
lyzed by utilizing the automated systems of the central laboratory
of the Department of Clinical Chemistry of the University Medi-
cal Center Gottingen.

Histopathological Evaluation

Liver biopsies were obtained from 201 patients (76%) before
the beginning of therapy. Sections (5-10 mm) from formalin-
fixed and paraffin-embedded liver tissue samples were stained
with hematoxylin-eosin, trichrome, and Prussian blue reaction
[28], and evaluated on their necroinflammatory changes (grad-
ing) and architectural alterations (staging). Other lesions typical
for hepatitis C, such as the presence of steatosis and its degree,
were assessed [27].

Detection of Serum HCV-Specific RNA by RT-PCR

Serum RNA was isolated using the QIAamp Viral RNA Mini
Kit (Qiagen, Hilden, Germany) starting with a volume of 140 pl
in accordance with the supplier’s spin protocol. One-third of the
final eluate was then reversely transcribed and subjected to a
highly sensitive nested PCR which has been previously described
[29] and/or for quantitative analysis using Abbott RealTime HCV
assay with a detection limit of 12 TU/ml.

Determination of HCV Genotypes

In HCV RNA-positive sera, virus genotyping was performed
using the Innolipa HCV II line probe assay (Innogenetics, Ghent,
Belgium).

Isolation of Genomic DNA

Genomic DNA was purified from peripheral blood mononu-
clear cells through the use of the QTAamp DNA Mini Kit follow-
ing the manufacturer’s blood and body fluid spin protocol (Qia-
gen). The concentration and purity of the isolated DNA was de-
termined photometrically by the absorbance levels at 260 and 280
nm. The integrity of the genomic DNA was ascertained by elec-
trophoresis using a 0.6% agarose gel. When peripheral blood
mononuclear cells were not available for analysis, genomic DNA
was purified from 2 ml of serum using the QLTAamp DNA Blood
Midi Kit.

IL28B Single Nucleotide Polymorphisms Genotyping

Genomic DNA (5 ng derived from peripheral blood mono-
nuclear cells or an aliquot corresponding to 16.7 ul serum) was
amplified in a total volume of 20 pl in real-time PCR using the
TagMan Universal Master Mix (Applied Biosystems, Darmstadt,
Germany) and 36 pwmol/l of each primer in each case (IL28B
rs12979860: forward, 5'-GCCTGTCGTGTACTGAACCA-3'; re-
verse 5'-GCGCGGAGTGCAATTCAAC-3’). Allelic discrimina-
tion was achieved by adding 8 wmol/l of differentially fluorescent
dye-labeled allele-specific minor groove binder probes (VIC, 5'-
TGGTTCGCGCCTTC-3;FAM, 5'-CTGGTTCACGCCTTC-3").
Reactions and analyses were carried out in the sequence detection
system ABI Prism Step One Plus (Applied Biosystems) according
to the manufacturer’s instructions.
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Statistical Analyses

Baseline characteristics obtained before starting treatment
were identified. The predictive value of the y-GT/ALT ratio was
analyzed for its receiver operating characteristics (ROC) to find
the most accurate threshold. The ROC curve is a plot of sensitiv-
ity versus (1 - specificity) for all possible cutoff values of the vari-
able being studied. The most commonly used index of accuracy
is the area under the ROC (AUROC) curve with values close to
1.0 indicating a high diagnostic accuracy. Dichotomous data (e.g.
gender, RVR) were analyzed using Pearson’s x? test and continu-
ous data were analyzed by a Mann-Whitney U test. Descriptive
analyses of patient’s characteristic data and baseline values are
reported as median values and range unless otherwise stated. All
statistical analyses were performed with the R language and en-
vironment for statistical computing (R Development Core Team:
R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, 2011; ISBN
3-900051-07-0; http://www.R-project.org/). Multivariate associ-
ations between predictor variables and treatment outcome were
modeled using logistic regression models. Variables showing as-
sociations with treatment outcome in univariate analysis (sig-
nificance level <0.10) were included in multivariate logistic re-
gression models. Variables were then eliminated in a step-wise
fashion based on the likelihood ratio test and the Akaike infor-
mation criterion. In general, results were regarded as significant
with p <0.05.

Results

Baseline Characteristics

A total of 264 chronic HCV-Gl-infected patients were
included in this analysis (table 1). Their median age was
51 years (range: 23-70). Most of the patients were Cauca-
sians (97%). Patients were infected with either HCV sub-
type 1a (30%) or 1b (66%), with a few coinfected with both
genotype 1 subtypes (4%). A histological evaluation of a
pretreatment liver biopsy was available for 76% of the pa-
tients. Nine percent (19/201) of the patients had cirrhosis.
Thirty-seven percent (23/63) of the patients without liver
biopsy showed indirect signs of bridging fibrosis/cirrho-
sis by abdominal ultrasound and thrombocytopenia. The
majority (54%) of the patient population had been treated
at least one time or repeatedly with PEG-IFN-a,,, 35%
with PEG-IFN-ay, and 11% with standard IFN-a, re-
spectively. Fifty-nine percent of the entire cohort had
never received therapy before.

Overall, the genotype distribution at IL28B rs12979860
and the minor allele frequencies in hepatitis C patients
were found to be statistically indistinguishable from that
of a liver-healthy control group of an ethnically matched
population (table 2). For the patients as a whole, no de-
viations from Hardy-Weinberg equilibrium were identi-
fied (IL28B rs12979860, p = 0.37).
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Table 1. Patient characteristics (n = 264)

Sex

Male 153 (58)

Female 111 (42)
Age, years 51 (23-70)
Ethnicity

Caucasian 255 (97)

Non-Caucasian 9(3)
HCYV subgenotype

la 79 (30)

1b 174 (66)

la+b 11 (4)
Hepatitis activity®

Mild 129 (64)

Moderate 64 (32)

Severe 8 (4)
Fibrosis®

Absent 101 (50)

Mild 59 (29)

Moderate 10 (5)

Marked 12 (6)

Cirrhosis 19 (10)
Steatosis®

Absent 136 (68)

Mild 52 (26)

Moderate 9(4)

Marked 4(2)
ALT, U/l 42 (4-618)
~v-GT, U/l 37 (4-481)
v-GT/ALT ratio 0.83 (0.1-6)
Hb, g/dl 14.9 (12-18)
Platelets, X 0%/l 228 (96-483)
White blood cells, X 03/pl 6.8 (4-17)

Data are given as n (%) or medians (range).
2201 patients underwent histological evaluation.

Table 2.1L28B genotype and allele frequencies in HCV-Gl-infect-
ed patients and noninfected controls

Hepatitis C ~ Control® OR

(n=264) (n=202)  (95% CI)
1s12979860 0.94 (0.6-1.4)°
ccC 93 (35) 74 (37)
CT 123 (47) 101 (50)
TT 48 (18) 27 (13)
MAF 0.414 0.381

Values are given as n (%) unless otherwise indicated. MAF =
Minor allele frequency.

* Mangia et al. [34].

b Calculated from CC vs. CT and TT.

High Predictability of a SVR in Chronic
HCV-GI Infection

Therapeutic Outcome with Regard to Clinical,

Laboratory and Virological Factors

The overall SVR rate of chronic HCV-Gl-infected pa-
tients was 44%. Seventy-five percent of the patients with
an SVR had an RVR. Among parameters potentially re-
lated to SVR in chronic HCV-GI infection, age at initia-
tion of therapy, but not gender, was an important host
factor associated with successful treatment outcome (ta-
ble 3). Younger patients (<50 years) were more likely to
respond than older ones. This demographical factor was
highly associated with SVR both in univariate (OR = 0.95,
95% CI: 0.93-0.97, p < 0.001) and in multivariate analysis
(OR =0.96, 95% CI: 0.94-0.98, p = 0.001; tables 3, 4). The
rate of achieving an SVR in patients with genotype la or
1b did not differ. Higher [54 (7-618) U/l] pretreatment
ALT serum activity (OR = 2.56, 95% CI: 1.69-3.85, p =
0.002) and alower pretreatment y-GT activity [29 (4-481)
U/1] were associated with a greater likelihood of a SVR
(OR = 0.85, 95% CI: 0.59-1.20, p = 0.004; table 3) in uni-
variate analyses. In contrast to pretreatment Hb level,
white blood cell and platelet count RVR was highly asso-
ciated with a SVR in both uni- (OR = 5.18, 95% CI: 3.16—
9.00, p < 0.0001) and multivariate analysis (OR = 4.18,
95% CI: 2.85-8.65, p < 0.001; table 4).

Therapeutic Outcome with Regard to IL28B Genotype

and Pretreatment Serum y-GT/ALT Ratio

As shown in figure 1a, 63% of IL28B 1512979860 C ho-
mozygotes, 37% of heterozygotes and 25% of T homozy-
gotes achieved a SVR. IL28B C homozygotes showed an
OR of 2.9 (95% CI: 1.7-5.1, p = 0.0002) or 5.2 (95% CI:
2.4-11.3, p<0.0001) compared to heterozygotes or T ho-
mozygotes to achieve a SVR. This finding persisted using
multivariate analysis (CC vs. CT: OR = 2.8, 95% CI: 1.5-
4.9,p =0.001; CCvs. TT: OR = 7.1, 95% CI: 3.1-16.7, p <
0.001; table 4). The ratio of y-GT/ALT was found to be
more closely related to SVR than serum activities them-
selves. Specifically, univariate (OR = 2.33, 95% CI: 1.78—
3.70, p<0.0001) and multivariate analyses (OR = 2.5, 95%
CI: 1.7 to 3.3, p < 0.001) revealed that the pretreatment
serum y-GT/ALT ratio was highly associated with treat-
ment outcome (tables 3, 4). Sensitivity, specificity, and
positive and negative predictive values (PPV and NPV)
for the desirable genotypes and low pretreatment y-GT/
ALT ratio are reported in table 5. Using a cutoff value of
0.70, sensitivity, specificity, PPV and NPV of the pretreat-
ment y-GT/ALT ratio was greater than that of the IL28B
genotype (table 5). The accuracy index for the pretreat-
ment serum y-GT/ALT ratio was calculated to be 0.75
(fig. 2). Utilizing both parameters, the SVR increased
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Table 3. Patient characteristics with regard to therapeutic outcome

Characteristics SVR Relapse NVR p
(n=117) (n=44) (n=103)

Male sex 76 (65) 26 (59) 51 (50) 0.07
Age, years 47 (23-67) 51 (34-63) 57 (29-70) <0.001
HCYV subgenotype

la 36 (31) 11 (25) 32(31) 0.60

1b 75 (64) 30 (68) 69 (67)

la+b 6 (5) 3(7) 2(2)
ALT, U/l 54 (7-618) 33 (12-160) 40 (4-199) 0.002
v-GT, U/l 29 (4-481) 36 (4-200) 47 (5-345) 0.0004
v-GT/ALT ratio, 0.5 (0.1-6.3) 0.9 (0.1-3.9) 1.3 (0.2-5.5) <0.0001
Hb, g/dl 15.2 (12-18) 15.2 (13-17) 14.8 (12-18) 0.20
White blood cells, X 103/pJ 6.9 (4-17) 6.5 (4-13) 6.8 (4-13) 0.16
Platelets, X 103/ul 234 (102-459) 222 (120-368) 217 (96-483) 0.23
RVR 88 (75) 17 (39) 0 <0.0001

Data are given as n (%) or medians (range).
Table 4. Uni- and multivariate logistic regression analysis of factors predictive for SVR
Characteristics Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p

Male sex 0.99 (0.72-1.36) 0.07 1.00 (0.96-1.04) 0.18
Age 0.95 (0.93-0.97) <0.001 0.96 (0.94-0.98) 0.001
v-GT/ALT ratio 2.33 (1.78-3.70) <0.0001 2.5(1.7-3.3) <0.001
RVR 5.18 (3.16-9.00) <0.0001 4.18 (2.85-8.65) <0.001
IL28B rs12979860, CC vs. CT 2.9 (1.7-5.1) 0.0002 2.8 (1.5-4.9) 0.001
IL28B rs12979860, CC vs. TT 5.2 (2.4-11.3) <0.0001 7.1 (3.1-16.7) <0.001

from 63% (fig. 1a) among IL28B rs12979860 C homozy-
gotes to 87% among patients with a favorable IL28B
rs12979860 genotype and a pretreatment serum y-GT/
ALT ratio below 0.7 (fig. 1c), while the SVR in those with
a pretreatment y-GT/ALT ratio <0.70 was 67% (fig. 1b).
C homozygotes with a low pretreatment y-GT/ALT ratio
had an OR 0f 4.8 (95% CI: 1.8-12.5, p = 0.01) and 7.7 (95%
Cl: 2.4-24.5, p = 0.0008) compared to heterozygotes or T
homozygotes, respectively. C homozygotes of IL28B with
low pretreatment y-GT/ALT ratio showed an OR of 26.6
(95% CI: 10-71.1, p < 0.0001) compared to CT and TT
genotypes of IL28B.

Therapeutic Outcome with Regard to Histological

Findings and PEG-IFN-a Subtype

Among patients with a histological evaluation of liv-
er, 46% (93/201) revealed a SVR while 17% (33/201) re-
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lapsed and 37% (75/201) had either a partial or a null
response. The number of patients without steatosis was
significantly higher among those who experienced a
SVR [80% (74/93)] than among patients who either re-
lapsed [61% (20/33)] or failed to respond [56% (42/75);
OR = 1.19, 95% CI: 0.85-1.68, p = 0.005)]. Absence of
steatosis, but not the level of hepatitis activity (p = 0.59)
or stage of fibrosis (p = 0.08), was associated with a suc-
cessful treatment outcome. Inclusion of patients with-
out liver biopsy but with indirect signs of cirrhosis in the
statistical analysis revealed that the presence of bridging
fibrosis or cirrhosis was associated with nonresponse
(p =0.0002; table 6). Treatment-naive HCV-Gl-infected
patients treated with PEG-IFN-a,, showed a higher
SVR rate (60 vs. 38%, p = 0.04) than with PEG-IFN-ayy,
(data not shown).
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Fig. 1. Antiviral treatment outcome in chronic HCV-GI infected Y30 A
patients with regard to IL28B rs12979860 genotype and pretreat- 20
ment serum y-GT/ALT ratio. a SVR rates of chronic hepatitis C 10
patients with regard to IL28B rs12979860 genotypes. b SVR rates 0- \
of chronic HCV-infected patients according to their pretreatment 87% 57% 45%
serum y-GT/ALT ratio (cutoff value: <0.70). ¢ SVR rates to (45C/C52) (32C/T56) (10T/T22)
antiviral combination therapy in hepatitis C patients when c “GT/ALT ratio <0.70
both IL28B rs12979860 genotypes and pretreatment low-serum K '
v-GT/ALT ratio (with a cutoff value of 0.70) were considered.

Discussion

The major results of this study are: (1) in univariate
analysis, IL28B genotype, younger age, ALT and y-GT
levels, pretreatment ratio of y-GT/ALT, absence of steato-
sis, and RVR are associated with an SVR; (2) in uni- and
multivariate analysis, IL28B genotype, pretreatment ra-
tio of y-GT/ALT, younger age and RVR are significantly
associated with an SVR; (3) pretreatment ratio of y-GT/
ALT with a cutoff value of 0.70 showed higher sensitivity,
specificity, PPV and NPV than IL28B rs12979860 geno-
type, and (4) pretreatment ratio of y-GT/ALT and IL28B

High Predictability of a SVR in Chronic
HCV-GI Infection

Table 5. Comparison of performance of IL28B rs12979860 CC
genotypes and low y-GT/ALT ratios for predicting SVR

Sensi- Speci- PPV NPV
tivity  ficity

Low y-GT/ALT ratio (cutoff value 0.70) 78 67 71 74

IL28B rs12979860 genotype CC 77 50 66 63
Data are expressed as percentages.
Digestion 2012;86:218-227 223
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Table 6. Baseline histological features in the 201 patients infected with HCV-G1 biopsied with regard to outcome

Parameter All patients Group p
(=20n) SVR (n = 93) relapser (n =33) NVR (n =75)
Steatosis 0.005
Absent 136 (68) 74 (80) 20 (61) 42 (56)
Mild 52 (26) 17 (18) 11 (33) 24 (32)
Moderate 9 (4) 2(2) 2 (6) 5(7)
Marked 4(2) 0 (0) 0 (0) 4 (5)
Fibrosis 0.08?
Absent 101 (50) 52 (56) 19 (58) 30 (40)
Mild 59 (29) 28 (30) 4(12) 27 (36)
Moderate 10 (5) 2(2) 2 (6) 6(8)
Marked 12 (6) 3(3) 4(12) 5(7)
Cirrhosis 19 (10) 8(9) 4(12) 7 (9)
Hepatitis activity 0.59
Mild 129 (64) 65 (70) 20 (61) 44 (59)
Moderate 64 (32) 25 (27) 12 (36) 27 (36)
Severe 8(4) 3(3) 1(3) 4 (5)

Data given as n (%). * Inclusion of patients without liver biopsy but with indirect ultrasound signs of cirrho-
sis and thrombocytopenia in the statistical analysis showed a significant association of the stage of fibrosis with

treatment outcome (p = 0.0002).

0.8

0.6
AUROC 0.75

Sensitivity

0.4 4

0.2 -

T T
0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 2. ROC analysis of the y-GT/ALT ratio revealed an AUROC
of 0.75 for a cutoff value of 0.70.
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genotype complement each other in predicting therapeu-
tic outcome to dual combination therapy with an 87%
SVR rate in the respective favorable group.

Currently, there are multiple factors for predicting an
SVRin patients chronically infected with HCV-G1. How-
ever, with the approval of new direct-acting antiviral
agents that are used in combination with PEG-IFN-a and
RBYV, either at a fixed dose or dosed according to the body
weight, the pivotal clinical trials have shown that approx-
imately 25-35% of treatment-naive patients, as well as
50-60% of those who have previously failed PEG-IFN-«
and RBV therapy, fail to achieve an SVR with these new
agents (triple combination). Nonetheless, the therapy op-
tions for individuals with a chronic HCV-GI infection
are widening [30-32]. To offer these patients the best pos-
sible therapy, various predictive factors need be assessed
before initiating therapy. These factors include demo-
graphics, virology, host allelic variation of IL28B, labora-
tory baseline levels of ALT and y-GT, and histological
features such as the stage of fibrosis and degree of steato-
sis. Younger age as a demographic predictive factor is as-
sociated with treatment outcome in several prospective
and retrospective studies in both univariate analysis and
multivariate analysis [6, 7]. In both univariate and multi-
variate analyses, RVR has been shown to be the most
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powerful virological factor for predicting an SVR [9].
Presently, the most powerful genetic predictors in ge-
nome-wide association studies are the IL28B genotypes
[21-23]. Univariate and multivariate analyses have re-
vealed that these genetic factors are highly associated
with treatment outcome in individuals with a chronic
HCV-GI infection. Importantly, these studies evaluating
the predictive value of the IL28B single nucleotide poly-
morphisms were performed on highly selected patients
and the reported SVR rate for these with a favorable ge-
notype was 60 or 80% [21, 33]. The present finding of a
63% SVR rate for IL28B rs12979860 C homozygotes in an
unselected ordinary chronic HCV-G1 cohort may reflect
the expected therapeutic outcome for patients with the
preferred genotype more realistically.

Laboratory parameters such as the level of ALT and y-
GT are associated with treatment outcome after antiviral
therapy irrespective of receiving either dual or triple ther-
apy combinations [7, 11-13, 16]. None of these studies,
however, reported a cutoff value for these two laboratory
factors that define a successful treatment outcome. In the
present study, the pretreatment y-GT/ALT ratio with a
statistically determined cutoff value of 0.70 was found to
be associated with an SVR. Mihm et al. [14] analyzed this
ratio retrospectively in 1996, and more recently in a pro-
spective manner in 1999 in chronic HCV-infected indi-
viduals with either a genotype 1 or 3 infection [15]. Both
studies included only patients treated with IFN-a mono-
therapy. The current retrospective analysis of 264 patients
with chronic HCV-G1 confirms that the finding of the
ratio of y-GT/ALT is an important predictive factor for an
SVR when individuals are treated with a combination of
PEG-IFN-a and RBV. The present analysis has identified
a cutoff value of 0.70 utilizing ROC analysis with a maxi-
mum Youden index for genotype 1 patients with regard to
the achievement of an SVR. The Youden index describes
the cutoff value having both a maximum value for sensi-
tivity and specificity. Moreover, the present study docu-
ments the finding of a higher sensitivity, specificity, PPV
and NPV for this ratio than those reported for the IL28B
single nucleotide polymorphisms with an AUROC of 0.75.

The frequency of more than trivial steatosis in chron-
ic hepatitis C ranges between 40 and 80% [19, 35]. In sev-
eral studies, it has been suggested that HCV is responsible
for the steatosis [36] and that steatosis upregulates hepa-
tocyte CD95/Fas and increases apoptosis [37]. Wedemey-
er et al. [37] could show that adiponectin protected hepa-
toma cell lines from induction of apoptosis. According to
the literature, y-GT levels are also known as a predictor
of the presence of steatosis [11, 38]. In two large studies,

High Predictability of a SVR in Chronic
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the absence of steatosis was associated strongly with an
SVR in multivariate analyses [18, 19]. In this study, the
stage of fibrosis was not associated with treatment out-
come. This could be due to two reasons. First, the number
of patients [9% (19/201)] with histological presence of cir-
rhosis might be too small to achieve a statistical signifi-
cance. Second, 37% (23/63) of the patients without liver
biopsy had indirect signs of cirrhosis in ultrasound. In-
clusion of these patients in the statistical analysis revealed
that bridging fibrosis or cirrhosis was significantly asso-
ciated with nonresponse.

With respect to specific therapeutic regimens, two re-
cently published prospective trials compared the efficacy
of PEG-IFN-«,, and PEG-IFN-«,;, in treatment-naive
patients and reported significantly greater SVR rates with
PEG-IFN-a,,, with rates as high as 69% [39, 40]. These
observations are clinically important as triple therapy in-
creases viral response rates, but at the cost of additional
side effects. A response rate of 44% in genotype 1 patients
irrespective of their therapeutic regimens in this study
was observed. This response rate is in agreement with the
reported prospective pivotal studies of antiviral combi-
nation therapy [6, 7]. Patients treated with the new direct
antiviral agents achieved up to a 75% SVR. Combining
the IL28B genotype with the pretreatment serum y-GT/
ALT ratio identifies individuals who achieve an SVR rate
as high as 87% with two-agent combination therapy. The
use of both the ratio of y-GT/ALT and IL28B single nu-
cleotide polymorphism factors enhances the predictabil-
ity of antiviral combination therapy. In several studies
using both uni- and multivariate analysis, a significant
association with treatment outcome using the y-GT level
and the serum ALT for predictingan SVR has been shown
[11-13]. In contrast to the reported studies, the present
investigation focused on the role of the pretreatment y-
GT/ALT ratio. In multivariate analyses, IL28B allelic
variation, low pretreatment y-GT/ALT ratio, younger age
and RVR are highly associated with treatment outcome.
With data for these factors, the best choice for antiviral
treatment can be identified as either a combination ther-
apy consisting of PEG-IFN-a and RBYV, or triple therapy
with the addition of a direct-acting agent.

In conclusion, the genetic variation of IL28B identifies
patients who probably will benefit from antiviral treat-
ment. Pretreatment serum y-GT/ALT ratio amends the
IL28B genotype in predicting an SVR by augmenting the
SVR rate to 87% in a nontriaged ordinary cohort. Impor-
tantly, the pretreatment serum y-GT/ALT ratio is a reli-
able, simple and inexpensive parameter to raise in essen-
tially all clinical centers.
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Erratum

In figure 1c of the article by Amanzada et al. [2012;86:218-227] OR 267, CE 10-71.1, p < 0,001

entitled ‘High predictability of a sustained virological response i
(87%) in chronic hepatitis C virus genotype 1 infection treatment 100, OR55,CI: 22-137,p = 00001
by combined IL28B genotype analysis and y-glutamyltransferase/ 90l =
alanine aminotransferase ratio: a retrospective single-center study’ __ 80+
an error occurred. & 704 N

o 60+

£ 50
Different from what is stated in the Results section on page 222, left © 40
column, line 9, the text should read: ‘C homozygotes of IL28B with 2 38: —
low pretreatment y-GT/ALT ratio showed an OR of 5.5 (95% CI: 10 l%
2.2-13.7, p = 0.0001) compared to CT and TT genotypes with low 0 w w w w w

. . 87% 57% 45% 34% 21% 15%

Y-GT/ALT ratio. C homozygotes of IL28B with low pretreatment (45/52) (32/56) (10/22) (14/41) (14/67) (4/26)
y-GT/ALT ratio showed an OR 0f 26.6 (95% CI: 10-71.1, p < 0.0001) cC cT TT cC cT TT
compared to CT and TT genotypes with high (>0.70) pretreatment c y-GT/ALT ratio <0.70 y-GT/ALT ratio >0.70

y-GT/ALT ratio (fig. 1c).” Figure 1c should read as follows:





