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(odds ratio 1.90-2.55) [38-40]. It would be interesting to
analyze the effect of the PNPLA3 genotype on fatty
degeneration in the present study; however, given the small

number of study subjects and the small odds ratios reported

in these studies, this study lacks the statistical power to
verify the association between hepatic steatosis and
PNPLAS3.

Chronic HCV infection is known to be associated with
fatty change of the liver, and the incidence of fatty change
in chronic hepatitis C patients is higher than in those with
other chronic liver dysfunctions [36, 41]. The mechanisms
of fatty change in chronic hepatitis C patients are still
unclear, but the induction of liver steatosis was observed in
the presence of the HCV core protein in vitro and in vivo.
In a transgenic mouse study, all the male and approxi-
mately 50% of the female mice developed liver steatosis by
the age of 6 months [42]. Furthermore, the HCV core
transfected cells were shown to activate the deposition of
lipid [36, 37, 41, 43]. Thus it was hypothesized that chronic
HCYV infection might be associated with fatty change and
the effect of clinical background. As shown in Tables 2 and
3, hepatic histological changes, including both vesicular
and clear cell change, were significantly associated with
BMI, aspartate aminotransferase, y-GTP and HCV RNA
levels in univariate analysis, whereas clear cell change was
not associated with BMIL. As shown in Fig. 2, clear cell
change was strongly related to HCV infection, whereas it
was rarely observed in the liver tissues of patients with
non-alcoholic fatty liver disease. These findings suggest
that vesicular change is associated with obesity or other
lipid depositions, and that clear cell change is associated
with chronic HCV infection.

Recently, several groups have reported significant
associations between several linked SNPs in the IL28B
locus and HCV eradication with IFN therapy based on
genome-wide association analysis. The sustained virolog-
ical response rate in chronic hepatitis C patients homozy-
gous for the major allele (genotypes rs8099917 TT or
1512980275 CC or rs12979860 CC) was significantly
higher than in patients heterozygous or homozygous for the
minor allele [24-27]. Serum y-GTP levels and liver histo-
logical fibrosis and inflammation levels in chronic hepatitis
C patients with the favorable TT or CC SNP genotypes
were also significantly lower than in those with the minor
genotypes [28]. Although other host factors, such as liver
steatosis or insulin resistance, have been demonstrated to
be associated with virological response [23, 44], this study
demonstrates that SNPs in the IL28B locus might affect
steatosis in chronic hepatitis C patients. As the influence of
the IL28B genotype was observed with both clear cell
change and vesicular change (Tables 2, 3), and these
associations became more remarkable in the non-obese
group (Table 4), it is tempting to speculate that differences

@ Springer

in IL28B expression might cause an aberration of lipid
metabolism in chronic hepatitis C patients. An association
between IL28B genotype at rs12979860 and hepatic stea-
tosis in chronic hepatitis C patients was demonstrated in a
previous report [45]. The results of this study were very
similar given the strong association between the rs8099917
and rs12979860 genotypes [35], but the methods used to
evaluate hepatic steatosis were quite different. In the pre-
vious report, hepatic steatosis was subjectively evaluated
by pathologists using the Brunt classification, whereas in
the present study, hepatic steatosis was evaluated objec-
tively using a quantitative method, and two different
classes of steatotic change, clear cell change and vesicular
change were analyzed separately.

In conclusion, the relationship between clinical back-
ground and fatty change in liver tissue was analyzed using
an operator-independent method, and significant associa-
tions between fatty change level and IL28B genotypes or
HCV RNA level were identified. These findings suggest
that these factors are connected to an aberration of lipid
metabolism in chronic hepatitis C patients.
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Background. Although several direct-acting antivirals (DAAs) are now available, the therapy regimen for
chronic hepatitis C will continue to include pegylated interferon and ribavirin for the foreseeable future. Despite
their improved rate of sustained virological response (SVR), DAAs pose increased risks of side effects and selection
for antiviral resistance. Not all patients require DAA to achieve SVR, whereas others are unlikely to respond even to

triple therapy. Therefore, a personalized approach to candidate selection is necessary.
Methods. In this retrospective study, data from 640 Japanese patients who were treated for chronic hepatitis
C genotype 1, 2, or 3 with pegylated interferon plus ribavirin combination therapy was compiled to identify robust

pretreatment predictive factors for SVR.

Results. A logistic regression model for personalized therapy was developed based on age, viral genotype, initial
viral load, aspartate aminotransferase/alanine aminotransferase ratio, o-fetoprotein levels, and IL28B single-
nucleotide polymorphism genotype. The area under the receiver-operating characteristic curve (AUC) was 0.85. The
mean AUC following 10 rounds of 10-fold cross validation was 0.82, with a true positive rate of 78.2%.

Conclusions. A personalized approach to therapy may better inform treatment decisions and reduce incidence

of side effects and antiviral resistance.

The hepatitis C virus (HCV) affects >100 million peo-
ple worldwide and is a major global cause of chronic
hepatitis, liver cirrhosis, and hepatocellular carcinoma
[1-5]. The current standard of care, pegylated interferon
(PEG-IEN) plus ribavirin combination therapy, is both
expensive and poorly tolerated, and treatment efficacy
is <50% for genotype 1b [6].Telaprevir and boceprevir,
2 direct-acting antiviral (DAA) protease inhibitors, have
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recently been approved for clinical use in the United
States [7] and are expected to improve the rate of sus-
tained virological response (SVR) to 65%-75% [8].
However, the addition of a DAA to the current standard
of care increases the risk of side effects, including anemia
and rash, and failure to achieve SVR may pose an in-
creased risk of accumulating protease inhibitor—resistant
viral strains that may be recalcitrant to future treat-
ment [8]. Consequently, it may be advantageous to
identify patients who are unlikely to respond to therapy,
as well patients who are likely to achieve SVR under the
current standard of care without requiring a DAA, Pa-
tients who are able to achieve at least a transient response
(relapsers) under combination therapy are more likely to
achieve a SVR under triple therapy, whereas patients
who fail to respond to combination therapy are also less
likely to respond to triple therapy [9]. Therefore, it may
be possible for patients who are highly likely to respond
to combination therapy to be spared the additional risks
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and costs of triple therapy, but to determine the optimal treat-
ment for each patient, reliable and inexpensive pretreatment
predictors are needed for SVR.

A number of pretreatment predictors associated with SVR or
nonresponse have been reported. Older female patients have been
shown to respond poorly to therapy in Japan [10~12], and met-
abolic factors such as obesity [13], insulin resistance [13], hepatic
steatosis [14], low-density lipoprotein (LDL) cholesterol levels
[15, 16], and y-glutamyl transpeptidase (y-GTP) levels [17] have
been shown to influence treatment outcome. Baseline virus titer is
also an important predictor of treatment outcome [14, 18]. HCV
genotypes differ in the response to interferon therapy, with
genotypes 1 and 4 considered more difficult to treat than geno-
types 2 and 3 [18, 19]. The importance of these and other
factors in triple therapy remains unclear, although they may
influence the effectiveness of interferon and ribavirin in
suppressing emergence of resistant strains.

Genetic differences among patients also influence response to
treatment and incidence of side effects, Genomewide association
studies have reported common single-nucleotide polymorphisms
(SNPs) predictive of response to interferon therapy. A set of
linked SNPs within the IL28B locus on chromosome 19 has
recently been shown to be the strongest predictor of sustained
virological response as well as spontaneous viral clearance [20-26].
So far, the SNP also appears to be the strongest predictor for triple
therapy [9, 27]. Other SNPs are associated with the occurrence of
side effects. In particular, SNPs in the ITPA locus have been found
to be associated with anemia in patients treated with PEG-IEN
plus ribavirin combination therapy [28-30] and appear to be
predictive of anemia in triple therapy as well [31]. Although
there are currently few options for treating HCV, SNP geno-
typing may nonetheless help gauge expectations and help
identify patients at risk for severe side effects that may disrupt
the course of therapy.

Even though telaprevir and boceprevir are now available for use
in clinical practice, DAAs must be coadministered with PEG-IFN
and ribavirin, to prevent rapid selection for resistance mutations
[32]. As a result, patients who respond poorly to PEG-IFN and
ribavirin may not only fail to achieve SVR under triple therapy but
may be more likely to encounter viral breakthrough, with con-
founding effects on future treatment efforts. Consequently,
there remains a need to identify robust predictors for response
to PEG-IFN and ribavirin to establish a personalized approach
for treatment of chronic hepatitis C.

METHODS

Patients

Data from 640 patients who were treated with PEG-IEN plus
ribavirin combination therapy for chronic HCV infection were
compiled from hospitals belonging to the Hiroshima Liver Study

Group (http://home.hiroshima-u.ac.jp/naikal/e/) in Hiroshima,
Japan. All patients were interferon treatment—naive and were
infected with HCV genotype 1, 2, or 3. Study participants tested
positive for HCV RNA over a span of >6 months, tested
negative for hepatitis B and human immunodeficiency virus
(HIV), and showed no evidence for other liver diseases. 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 Re-
search in Yokohama. Patient profiles are shown in Table 1 and
Figure 1.

PEG-IFN Plus Ribavirin Combination Therapy

Patients received weekly injections of PEG-IFN-o.-2b at 1.5 pg/kg
body weight for 48 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),
based on guidelines by the Ministry of Health, Labor, and
Welfare of Japan [33]. The ribavirin dose was reduced when
hemoglobin levels fell below 10 g/dL, and both PEG-IFN and
ribavirin were discontinued when hemoglobin levels dropped
to <8.5 g/dL.

Outcome of Therapy

We evaluated treatment success based on SVR, defined as un-
detectable HCV RNA levels 24 weeks after cessation of treat-
ment. Some patients showed a transient response (relapsers), in
which HCV RNA dropped to undetectable levels during treat-
ment but then rebounded during the follow-up period. In non-
responders, HCV-RNA levels failed to decline by 2 log;o IU/mL
by week 12 of treatment and never dropped below detectable
levels. Histopathological diagnosis was made as described
previously [34].

HCV RNA Levels

We monitored HCV RNA levels throughout the course of
therapy using polymerase chain reaction (PCR)-based methods
(the original Amplicor method, the high-range method, or the
TagMan real-time 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. Samples exceeding the measurement range were
diluted with phosphate-buffered saline and reanalyzed. All values
were reported as log;, international units per milliliter.

SNP Genotyping

We genotyped each patient for 2 SNPs: rs8099917 in the IL28B
locus, which is associated with therapy outcome, and rs1127354
in the ITPA locus, which is associated with ribavirin-induced
anemia. Although there are 2 SNPs associated with ITPA en-
zyme activity in white patients [28], 1 of these SNPs appears to
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Tahle 1. Patient Profiles®

Total (N = 640) SVR (n = 388) TR {n = 119) NR (n = 119)
Age, years 59 (10-82) 56 (10-77) 63 (24-78) 63 (27-82)
Sex, M/F 327/313 221/167 4772 52/67

BMI : 22.09 (14-32) 21.95 (15-32) 22.22 (14-32) $22.62 (16-31)
Viral genotype, 1b/others 441/186 223/153 98/21 108/11

Virus titer, logso 1U/mL 6.1 (3.6-7.5) 6 (3.6-7.3) 6.25 (4-7.4) 6.4 (5.1-7.3)
Fibrosis, 0/1/2/3/4 7/213/156/74/17 4/140/99/41/4 1/44/28/15/3 2/26/26/17/9
Activity, 0/1/2/3/4 108/147/207/32/0 64/89/130/24/0 18/31/37/3/0 24/25/35/5/0
rs8099917, TT/GT, GG 476/161 330/57 90/29 46/72
rs1127354, CC/CA, AA . 468/171 273114 - 88/31 100/19

¥-GTP level, IU/L 40 (8-535) 38.5 (8-535) 34 (8-341) 52 (12-213)
Hemoglobin level, g/dL © 14 (7.8-18) 14.15 (7.8-18) 1 136(9.7-18) 13.8(9.2-16)
ALT level, IU/L 50 (10-512) 53.5 {11-512) 48 (11-408) 46 (10-224)
AST level, IUL 43(0-312) 47 (0-312) 45 (16-197) 47 (0-142)
a-Fetoprotein level, pa/L 5 (0.8-262) 5 (0.8-262) 6.8 (1.9-152) 7.5 (1-244)
Ferritin level, pg/L. -~ ©121.2 (0.56-1057) 127 (3-1057) 110.1 (0.56-1023) 135 (7.7-769)
LDL cholesterol level, mg/dL 173 (93-271) 171 (99-264) 178.5 {102-271) 171 (93—260)
Triglyceride level, mg/dL 93 (20-541) 90.5 (35-541) - 199(44-303) ©104.5 (20-305)
HDL cholesterol level, mg/dL 57.5 (21-167) 57 (27-101) 57 (27-114) 63 (21-1086)
ron count, wdL i 1285 (11-339) - 123 (11-339) 138 (61-305) 156.5 (31-286)
Fasting blood sugar level, mg/dL 98 (15-248) 96 (15-248) 99 (76-243) 101 (80-211)
White blood cell count, cells/mm® 4800 (4.4-10760) 4970 (4.4-10760) 4600 (5.4-8780) 4460 (2160-8400)
Platelet count X 10* cells/mm® 16.4 (4.8-246) 17.5 (5-229) 15.3 (5.6-246) 15.05 (5-116)
IFN reduction, Y/N : . 93/547 50/338 20099 21/98
Ribavirin reduction, Y/N 208/432 114/274 50/69 43(76

Anemia reported, Y/N 158/482 '83/305 44775 30/89
Stopped, Y/N 15/610 0/382 0/115 11113

Abbreviations: ALT, aspartate aminotransferase; AST, alanine aminotransferase; BMI, body mass index; y-GTP, y-glutamyl transpeptidase; HDL, high-density
lipoprotein; IFN, interferon; NR, nonresponse; SVR, sustained virological response; TR, transient response (relapse).

& All patients were interferon treatment-naive and were treated with pegylated interferon plus ribavirin combination therapy. Counts are listed for categorical values

and the median and range are reported for continuous variables.

be fixed in the Japanese population, and so only rs1127354 was
genotyped [29]. Samples were genotyped using the Illumina
HumanHap610-Quad Genotyping BeadChip or the Invader or
TagMan assay, as described previously [35].

Statistical Analysis

All analysis was performed using the R statistical package
(http://www.r-project.org). Nonparametric tests (x> and Mann—
Whitney U tests) were used to detect significant associations.
All statistical analyses were 2 sided, and P < .05 was considered
significant. Multiple logistic regression analysis with forward/
backward stepwise selection of variables was used to identify
independent factors associated with SVR. Odds ratios (ORs) and
95% confidence intervals (Cls) were calculated for each factor.
Receiver-operating characteristic (ROC) curves and areas under
the curve (AUC) were calculated for each model using the
ROCR software package. Cls for predicted SVR probabilities
were calculated over a range of ages and viral loads, and results
were stratified by IL28B SNP genotype and viral genotype
using the rms software package. Models were validated based

on 10 rounds of 10-fold cross-validation using the WEKA
data-mining package [36].

RESULTS

Patient Characteristics

Patient profiles are shown in Table 1. In total, 388 (61%) patients
achieved SVR, 119 (19%) were transient responders, and 119
(19%) were nonresponders. The frequency of the deleterious allele
for the IL28B SNP 158099917 (G) was 0.14. A total of 476 patients
had the favorable TT genotype, and 148 and 13 patients had the
unfavorable GT and GG genotypes, respectively. Genotype data
for rs12979860, another commonly reported IL28B SNP, were not
available for all patients, but the 2 SNPs are in high linkage dis-
equilibrium and genotypes are highly correlated (0.99). The fre-
quency of the favorable allele for the ITPA SNP rs1127354 (A) was
0.15. A total of 468 patients had the anemia-susceptible CC
genotype, and 152 and 19 patients had the protective AC and AA
genotypes, respectively.
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Patients treated for chronic HCV infection n = 1531

eprevious interferon treatment
n =588

streatment naive
n=943

streatment discontinuation

«loss to follow-up

co-infection with hepatitis B virus
eother disqualifying conditions

n=303

Figure 1. Patient-selection flowchart. Beginning with a database of
1531 patients treated for chronic hepatitis C virus (HCV) infection with
pegylated interferon and ribavirin combination therapy, 588 patients were
excluded due to prior history of interferon treatment and another 303
patients were excluded because of treatment discontinuation, loss to
follow-up, or other disqualifications as described in the Methods, leaving
640 patients who were included in the analysis.

Predictive Factors for SVR
The following predictors were significantly associated with
SVR using univariate analysis after Bonferroni correction for 26
tests: male sex, age, genotype 1b, initial viral load, aspartate
aminotransferase/alanine aminotransferase (AST/ALT) ratio,
rs8099917 TT genotype, diabetes mellitus, o-fetoprotein level,
white blood cell count, platelet count, and hemoglobin level
(Table 2). When all factors were included in multivariate analysis,
age, genotype 1b, initial viral load, AST/ALT ratio, rs8099917 TT
genotype, and o-fetoprotein were identified as independent pre-
dictors for SVR (Table 3) with an AUC of 0.85 (Figure 2). The
mean AUC based on 10 rounds of 10-fold cross-validation was
0.82 with a true-positive rate of 78.2%, a false-positive rate of
21.8%, and a « statistic of 0.53. Figure 2 shows predicted proba-
bilities of achieving SVR for patients with genotype 1b strati-
fied by the rs8099917 genotype and the initial viral load. The
probability of SVR can be calculated using the following
prediction formula:

log odds (SVR) = 11.7007-0.0479*age — 1.5417*genotypelb —
1.2804*log(viral load) — 0.7638*log(AST/ALT) + 1.6610*
rs8099917TT — 0.3449*log(a-fetoprotein)

DISCUSSION

In this study, we present a simple predictive model for outcome
of PEG-IFN plus ribavirin combination therapy for patients
infected with HCV. Although the IL28B SNP is the best single

Table2. Univariate Predictors for Sustained Virological Response

Variable OR (95% Cl) PValue

Sex : : ©001.93 0 (1.39-2.7) . .000101 o *Ex
Age 0.948 (.933-0.963) 1.66 X 1072 ***
BMI =y 00961 (.91-1.01) ~ - .1035

Genotype 1b vs others 0202 (127-311) 1.09 X 1078 *xx

Virus titer, log IU/mL . 0.39 - (285-524) = 7.12 X 109 *x*
ALT 1.28 (1.01-1.63)  .07166

AST/ALT ratio. =~ . 0311 (177-.528) = 5.97 X 108 . ***
rs8099917 TT genotype 4.24  (2.9-6.26)  2.75 X 10°  *x**
rs1127354 CC genotype 0.64  (.432-.839) 0237 *)
¥-GTP 0.999 (.996-1) 04023 )
Fibrosis = oo 00744 (595-.929) 02826 ¢ (¥)
Activity 112 (909-1.39)  .2868
aFetoprotein © 0.69  (553-844) 130X 10°  ***
LDL cholesterol 0.997 (.992-1) 3184
Triglycerides .~~~ 0.998 (.995-1) 04564 (%)
HDL cholesterol 0.993 (.976-1.01) .558

ron 089 (99-1) 0145 (%
Fasting blood sugar 0.989 (.981-.997) .01578 (*)
White blood cells -+~ 1 (1=-1) 000859 **+
Platelets 232  (1.46-3.82)  .000342  **x
Hemoglobin = = 125 (1.11-1.41) = 000224  ***

(517-3.69)  .548
(491-3.19) ..6604 .
(1.4-12) .01034 (*)

Core aa 70 substitutién 1.35
Core aa 91 substitution. 1.24

ISDR substitutions 3.87

(0-1vs >1) o
Hypertension 0497 (278-878)  .01599 (%)
Diabetes mellitus 0.206 (.0841-.454) 6.90 X 105  ***

Abbreviations: ALT, aspartate aminotransferase; AST, aspartate aminotrans-
ferase; BMI, body mass index; Cl, confidence interval; y-GTP, y-glutamyl
transpeptidase; HDL, high-density lipoprotein; OR, odds ratio.
**¥P < .001; **P < .01; *P < .05; (*): P < .05 but not significant following
Bonferroni correction for multiple testing (o 0.05/26 = .0019)

predictor of SVR, not all patients with the favorable genotype
achieved SVR, whereas some patients with an unfavorable
genotype were able to achieve SVR. Inclusion of other viral
and host factors is therefore expected to improve the accuracy
of treatment-outcome predictions. Although a number of
predictors have been reported, this study achieves relatively
high accuracy using only a simple subset of pretreatment
predictors, the most important of which are IL28B SNP
genotype, age, viral genotype, and initial viral load.

A prediction equation based on the coefficients in Table 3 was
used to generate the predicted response over a range of ages and
viral loads (Figure 3). For example, a 60-year-old patient with the
favorable IL28B SNP genotype and HCV genotype 1b has
a probability of SVR of 0.61, whereas the probability is only 0.23
for a patient with an unfavorable IL28B genotype. On the other
hand, the probability increases to 0.80 for a 40-year-old patient or
0.88 for a patient with genotype 1a, 2, or 3. Based on this model, it
appears that older patients who have high viral load for genotype
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Table 3. Multivariate Predictors for Sustained Virological
Response

Variable Coeff OR (95% Cl) P Value

Age —0.0479 0.953 - (.93-.976) 9.71 X 10° ***

Genotype 1bvs —1.542 0.214 (.107-.405) 4.97 x 10° **x
others

Log viral load —1.28 0.278 (.166-.445) 3.57 X 107 ***

AST/ALT ratio —0.7638 0.466 (.226-.931) .03396 *
rs8099917 TT 1.661 526 (2.98-9.57) 2.16 X 10T ***
genotype

a-Fetoprotein —0.3449 0.708 (.549-.91) .007249 **

Abbreviations: ALT/AST, aspartate aminotransferase/alanine aminotransferase
ratio; Cl, confidence interval; Coeff, coefficient; OR, odds ratio.

**2P < 001; ¥*P < .01, *P < .05; (*): P < .06.

1b and lack the favorable IL28B genotype are less likely to benefit
from combination therapy and possibly triple therapy, whereas
young patients with the favorable IL28B genotype and low viral
load have a high probability of achieving SVR with combination
therapy alone and may not benefit from the addition of a DAA.
The model presented here includes data from 640 patients and
achieves an AUC score greater than 0.82 following 10-fold cross-
validation using some pretreatment predictors. However, in fu-
ture studies, this model should also be validated against external
data sets based on patients from different populations and ethnic
groups.

Several predictive models for outcome of combination ther-
apy for HCV have been reported and have used a variety of
different approaches. Several studies have used artificial neural

1.0

0.6

True positive rate
0.4

0.0

T T
0.0 0.2 0.4 0.6 0.8 1.0
False positive rate

Figure 2. Receiver-operating characteristic curves for prediction of
sustained virological response. The area under the curve was 0.85 for the
full data set, and the mean of 10 rounds of 10-fold cross-validation was 0.82.

networks [37-39] and support vector machines [40] to predict
SVR, although these types of models are more difficult to in-
terpret than regression-based methods and are less amenable to
adoption in clinical use. Other studies have used decision trees
[41] and classification and regression tree analysis [42], both of
which provide an intuitive, flowchart-based approach to pre-
diction. However, small changes can dramatically alter the to-
pology of the tree, and individual paths through the tree make
use of only a fraction of the available data. Medrano et al pro-
posed a logistic-regression SVR prediction model for patients in
Spain coinfected with HCV and HIV [43]. The model achieved
high accuracy (AUC, 0.85-0.89) using 4 predictors: IL28B SNP
genotype, liver stiffness, viral genotype, and viral load. For HCV-
monoinfected patients, O’Brien et al [44] proposed a prediction
model for SVR in European—American patients with genotype
1 based on IL28B SNP genotype, viral load, AST/ALT ratio, fi-
brosis score, and prior ribavirin treatment. The model proposed
here is similar to the model proposed by O’Brien et al, differing
mainly in patient ethnicity (Japanese vs European—American) and
treatment history (prior ribavirin treatment vs treatment-naive),
although patients in the model of O’Brien et al had more severe
fibrosis (Ishak fibrosis score =3 vs 0-4), and were younger
(median age, 49 vs 59 years) and more likely to be male (73% vs
51%). Both models had similar factors and AUC scores (0.79 vs
0.82), and the inclusion of various host and viral factors in both
models underscores the variability in response to therapy and the
limitations of IL28B SNP genotype alone in predicting the
outcome of therapy. Presumably, future studies will in-
troduce models geared specifically for response to triple
therapy, but until additional data become available, pre-
dictions based on response to combination therapy may help
guide patient selection.

CONCLUSIONS

Pretreatment predictors based on clinical and viral factors may be
used to predict the outcome of therapy. Regardless of the ap-
proach or the specific predictors analyzed, most prediction studies
report a consistent set of important predictive factors, including
viral genotype, IL28B SNP genotype, age, viral load, and =1
clinical factors reflecting liver function (eg, y-GTP, LDL choles-
terol, blood sugar, a-fetoprotein, and platelet count). By adopting
a personalized approach to treatment, clinicians may be better able
to determine the most appropriate course of therapy for in-
dividual patients while minimizing the risk of side effects.
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Predicted SVR probability for genotype 1b
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Figure 3. Predicted probabilities of sustained virological response (SVR) for patients with genotype 1b. Confidence intervals for predicted probability of
SVR based on logistic regression by age, grouped by rs8099917 genotype and initial viral load for patients with genotype 1b, are shown. Solid lines
represent the favorable rs8099917 TT single-nucleotide polymorphism genotype, and dashed lines represent the unfavorable GT or GG genotype.
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Telaprevir with peginterferon and ribavirin for
treatment-naive patients chronically infected with HCV
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Background & Aims:To evaluate the efficacy and safety of
telaprevir in combination with peginterferon-a2b (PEG-IFN)
and ribavirin (RBV) in patients with chronic hepatitis C.
Methods: In a multi-center randomized clinical trial in Japan, on
patients infected with HCV of genotype 1, 126 patients were
assigned to telaprevir for 12 weeks along with PEG-IFN and
RBV for 24 weeks (Group A), while 63 to PEG-IFN and RBV for
48 weeks (Group B).

Results: HCV RNA disappeared more swiftly in patients in Group
A than B, and the frequency of patients without detectable HCV
RNA at week 4 (rapid virological response (RVR)) was higher in
Group A than B (84.0% vs. 4.8%, p <0.0001). Grade 3 and 4 skin dis-
orders, including Stevens-Johnson syndrome and drug rashes
with eosinophilia and systemic symptoms, as well as Grade 3
anemia (<8.0 g/dl), occurred more frequently in Group A than B
(skin disorders, 11.9% vs. 4.8%; anemia, 11.1% vs. 0.0%). The total
RBV dose was smaller in Group A than B (47.0% vs. 77.7% of the
target, p <0.0001). Despite these drawbacks, sustained virological
response (SVR) was achieved more frequently in Group A than B
(73.0% vs. 49.2%, p = 0.0020).

Conclusions: Although the triple therapy with telaprevir-based
regimen for 24 weeks resulted in more adverse events and less
total RBV dose than PEG-IFN and RBV for 48 weeks, it was able
to achieve higher SVR within shorter duration by carefully mon-
itoring adverse events and modifying the RBV dose as required.
© 2011 Published by Elsevier B.V. on behalf of the European
Association for the Study of the Liver.
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Introduction

Over the world, an estimated 170 million people are persistently
infected with hepatitis C virus (HCV) [1]. Most individuals with
persistent HCV infection can fulfill the life expectancy, while
about 30% of them develop life-threatening liver disease such
as decompensated cirrhosis and hepatocellular carcinoma {2,3].

Currently, interferon (IFN) is the only antiviral drug capable of
terminating HCV infection. The present standard-of-care (SOC) ther-
apy for patients infected with HCV of genotype 1, the most prevalent
genotype over the world, is peginterferon (PEG-IFN) combined with
ribavirin (RBV) for 48 weeks. However, sustained virological
response (SVR), judged by the loss of detectable HCV RNA from
serum 24 weeks after the completion of therapy, can be achieved
inonly 42-52% of the patients [4-6]. To cope with this grim situation,
a number of direct acting antivirals {DAAs) have been designed and
developed, represented by NS3/4A protease inhibitors and NS5B
polymerase or NS5A inhibitors [7]. Among them, telaprevir has
shown promising results, when combined with PEG-IFN and RBV,
in the phase 2 [8,9] and 3 clinical trials [10,11}, by improving SVR
to ~70% in patients infected with HCV-1.

Previous trials with the triple therapy were conducted in Eur-
ope and the United States, respectively. Hence, Asians were
under-represented, accounting only for 1.6-2.1% of studied
patients, and distributions of genotypes 1a (44-67%) and 1b (27-
55%)varied widely [8-10]. Inview of ethnic differences in response
to IFN-based treatments [12,13], as well as profiles of resistance to
telaprevir difference between genotypes 1a and 1b [14], a multi-
center, randomized, and treatment-controlled clinical trial was
conducted for comparison of therapeutic efficacy between the tri-
ple therapy and SOC in patients infected with HCV-1b in Japan.

Patients and methods
Patients

From November 2008 through August 2010, 220 patients, who were infected
with HCV-1 and had not received antiviral treatments before, were recruited at
41 institutions in Japan. They joined the study for finding differences in the
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Table 1. Baseline characteristics of patients.

JOURNAL OF HEPATOLOGY

Features® Group A: T12PR24 Group B: PR48
(n =126) (n=63)

Men (%) 66 (52.4%) 33 (62.4%)

Age (years) 53.0 (20-65) 55.0 (20-65)

Weight (kg) 60.2 (40.7-87.5) 64.1 (42.1-84.9)

BMI (kg/m?) 22.6 (16.2-31.1) 23.3(17.9-30.8)

Hemoglobin (g/dl)
White blood cells (/mm?)
Platelets (x10*/mm?3)

14.3 (12.1-17.1)
5300 (2900-10,670)
19.2 (9.0-36.2)

ALT (IU/L) 36.5 (12-252)
AST (IUlL) 34.0 (18-170)
Total bilirubin (mg/dl) 0.70 (0.3-1.9)
Total cholesterol (mg/dl) 182 (111-299)
HCV RNA (log,, IU/ml) 6.7 (5.1-7.5)
HCV genotypes

1a 2 (1.6%)

1b 124 (98.4%)

14.5 (12.3-17.5)
5130 (2950-11,050)
20.2 (8.7-37.0)
45.0 (18-259)

38.0 (17-142)

0.80 (0.4-1.8)

180 (116-263)

6.9 (5.1-7.4)

0 (0.0%)
63 (100.0%)

*Values are the median with the range in parentheses, or number with the percentage in parentheses.

b2 bl PR12

] —e— Group A (n = 126)

[ PR48 -~ Group B (n = 63)
F100 9%.3%  96.0% 92.9%
< A 87% & 74.6%
2 w0 . P R A\. 16%  73.0%
3 LA 77.8%"
T 60 ~ 3,
3 ,A50.0% A“~A-'A-~A«-~A--A
< 40 & 50.8% 49.2%
2 , *
é) 20 A,A p <0.01
o .
54.8Y
8 opatill T e e =
- 0 12 24 36 48 +0 +12 +24
Treatment (weeks) Follow-up (weeks)
Number of Patients in Group
A:126125 119108 99 126 126 126
B:63 62 62 58 54 50 45 63 63 63

Fig. 1. Loss of detectable HCV RNA in patients in Groups A and B. Statistical
tests were performed at weeks 4, 8, 12, and 24 in the treatment period, end of
treatment, and weeks 12 and 24 in the follow-up period. An asterisk (*) indicates
p <0.01 differences. The number of patients at each time point is indicated below
the graph.

treatment response and adverse events between the triple therapy involving
telaprevir, PEG-IFN and RBV, and SOC with PEG-IFN and RBV. The study protocol
complied with the Good Clinical Practice Guidelines and the 1975 Declaration of
Helsinki, and was approved by the review board of each institution. Each patient
gave a written informed consent before participating in this study.

Study design

This prospective, multi-center, and randomized study was planned on Japanese
patients with chronic hepatitis C who met inclusion and did not meet exclusion
criteria, Main inclusion criteria were: (a) diagnosed with chronic hepatitis C,
and had not received antiviral treatments before; (b) infected with HCV-1 con-
firmed by the sequence analysis in the NS5B region; (c) had HCV RNA levels
>5.0 log;o IU/ml determined by the COBAS TagMan HCV test (Roche Diagnostics
K.K. Tokyo, Japan); (d) Japanese aged from 20 to 65 years at the entry; (e) had the
body weight between >40 and <120 kg; (f) were not pregnant and capable of con-
traception till 24 weeks after the treatment; and (g) agreed on the admission for

® N ® © 5
& ©o & o 8

Group A (n = 126): T12PR24
&= Group B (n = 63): PR48

Ao
[=E =)

Response rate (%)

p <0.0001
 206%

6.3% 6.3%

0.8%

T

SVR Relapse  Breakthrough Non-response Dropped-out
Fig. 2. Comparison of treatinent responses between patients in Groups A and
B. SVR, sustained virological response (HCV RNA negative 24 weeks after the
completion of treatment); relapse, reappearance of HCV RNA in serum during
follow-up period; breakthrough, reappearance of HCV RNA in serum during
treatment period; non-response, HCV RNA continuously detectable in serum
during treatment period.

15 days since the treatment start. Main exclusion criteria were: (a) decompen-
sated liver cirrhosis; (b) hepatitis B surface antigen; (c) hepatocellular carcinoma
or other malignancy, or its history; (d) autoimmune hepatitis, alcoholic liver dis-
ease, hemochromatosis or chronic liver disease other than chronic hepatitis C; (e)
depression or schizophrenia, or its history, or history of suicide attempts; (f)
chronic renal disease or creatinine clearance <50 ml/min at the baseline; (g)
hemoglobin <12 g/dl, neutrophil counts <1500/mm> or platelet counts
<100,000/mm? at the baseline; and (h) pregnancy in progress or planned during
the study period of either partner.

Patients were randomly assigned to either of the following two treatment
groups in a 2:1 ratio, with stratification to balance sex and age: (1) the triple ther-
apy with telaprevir, PEG-IFN, and RBV for 12 weeks, followed by PEG-IFN and RBV
for an additional 12 weeks (Group A: T12PR24); and (2) SOC with PEG-IFN and
RBV for 48 weeks (Group B: PR48). After the treatment was completed or discon-
tinued, they were followed for >24 weeks for SVR evaluation. Patients were
followed regularly for subjective symptoms and objective signs, as well as blood
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Table 2. Comparison of SVR stratified by demographic and virological factors as well as discontinuation of study drugs between two groups with different

therapeutic regimens.

A: T12PR24 B: PR48 Differences
n=126 n=63 p value
Gender ) i ) :
. Men © 50/66 (75.8%) 18/33 (54.5%) 0.0400
Women 42/60 (70.0%) 13/30 (43.3%) 0.0214
Age (years)
<49 35/41 (85.4%) 13/21 (61.9%) 0.0543
>50 57/85 (67.1%) 18/42 (42.9%) 0.0125
HCV RNA (log,, 1U/mi) : ,
>7 18/26 (69.2%) 5/18 (27.8%) 0.0132
<7 74/100 (74.0%) 26/45 (57.8%) -0.0556
Discontinuation of study drugs
Not discontinued 66/79 (83.5%) 27/46 (58.7%) 0.0030
All drugs discontinued 14/27 (51.9%) 417 (23.5%) 0.1143

counts and chemistry. HCV RNA levels were monitored at day —28, days 1 (pre-
dose), 2, and 3, weeks 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, and 24 (both groups),
as well as weeks 26, 28, 32, 36, 40, and 48 (Group B), during the treatment period;
they were monitored at weeks 2, 4, 8, 12, 16, 20, and 24 in the follow-up period
(both groups).

HCV RNA and genotypes

HCV RNA was quantified using the COBAS TagMan HCV test (Roche Diagnostics,
Tokyo, Japan). The linear dynamic range of this assay was 1.2-7.8 log;o IU/ml, and
samples with no HCV RNA detected were reported as: <1.2 log;o IU/ml (no HCV
RNA detectable). Genotypes of HCV were determined by direct sequencing
followed by phylogenetic analysis of the NS5B region [15].

Antiviral treatments

Telaprevir (MP-424; Mitsubishi Tanabe Pharma, Osaka, Japan) 750 mg was
administered three times a day at an 8-h interval (q8h) after each meal. Peginter-
feron-o2b (Peglntron®, MSD, Tokyo, Japan) was injected subcutaneously at a
median dose of 1.5 ug/kg (range: 1.250-1.739 pg/kg) once a week. Ribavirin
(Rebetol®, MSD, Tokyo, Japan) 200-600 mg was administered after breakfast
and dinner. The daily dose of RBV was adjusted to the body weight: 600 mg for
<60 kg; 800 mg for >60 kg ~<80 kg; and 1000 mg for >80 kg.

RBV dose was diminished by 200 mg in patients receiving 600 or 800 mg (by
400 mg in those receiving 1000 mg) when hemoglobin decreased <12 g/dl, and by
extra 200 mg when it lowered <10 g/dl. In addition, RBV was reduced by 200 mg
in patients with hemoglobin <13 g/dl at baseline or in those in whom it decreased
by 1 g/dl within a week and below 13 g/dl. Dose modification of RBV in Group B
was conducted in accordance with SOC. PEG-IFN dose was reduced to one haif,
when leukocyte counts decreased <1500/mm?, neutrophil counts <750/mm?® or
platelet counts <8 x 10*/mm?®; PEG-IFN was discontinued when they decreased
<1000/mm?®, 500/mm> or 5 x 10%/mm>, respectively. The triple therapy was
discontinued or interrupted when hemoglobin decreased <8.5 g/dl. In patients
whose hemoglobin increased >8.5 gfdl within 2 weeks after the interruption,
treatment was resumed with PEG-IFN and RBV 200 mg. The reduction of telapre-
vir dose was not permitted.

Statistical analysis

SVR was evaluated in the full analysis set. The difference in SVR between Groups
A and B with the 2-sided 95% confidence interval (CI} was calculated with the
adjustment for sex and age, and p value was evaluated by the Wald-test. Contin-
uous variables between groups were compared by the Mann-Whitney test
(U-test), and categorical variables by the Fisher’s exact test. Statistical analyses
were performed using the statistical software SAS Version 9.1 (SAS Institute
Inc., Cary, NC), and a p value <0.05 was considered significant.

Results
Patient cohorts

Of the 220 Japanese patients from whom an informed consent
was obtained, 31 (14.1%) were found not eligible for the study
entry. The remaining 189 patients were randomly assigned to
T12PR24 (Group A [n = 126]) or PR48 (Group B [n = 63]). Overall,
114 out of the 126 (90.0%) patients in Group A and 54 out of the
63 (85.7%) in Group B completed the full study period. Table 1
compares baseline characteristics of studied patients in Groups
A and B. There were no differences in demographic characters,
hematology, biochemistry, or virology between the two groups
of patients.

Loss of HCV RNA during treatment

Dynamics of HCV RNA during treatment was much different
between Groups A and B. HCV RNA disappeared more frequently
(98.4% vs. 79.4%, p <0.001) and swiftly (within 8 vs. 38 weeks) in
patients in Group A than B. Time courses of the loss of HCV RNA
are compared in Fig. 1. The loss of HCV RNA increased constantly,
sharply, and swiftly in Group A. By contrast, in Group B, it grad-
ually increased during the first 24 weeks of treatment. Rapid
virological response at 4 weeks (RVR) occurred more frequently
in Group A than B (84.0% vs. 4.8%, p <0.0001). HCV RNA was
undetectable in >90% of patients in Group A, while it stayed
undetectable in <80% of patients in Group B at the start of
follow-up. After treatment completion, HCV RNA re-appeared in
patients in both Groups A and B (16.7% vs. 22.2%, p = 0.4272).

Responses to treatments

Fig. 2 compares treatment responses between Groups A and B.
SVR was achieved more frequently in Group A than B (73.0% vs.
49.2%, p =0.0020). By contrast, non-response was less frequent
in Group A than B (0.8% vs. 20.6%, p <0.0001). The difference in
SVR between Groups A and B, adjusted for sex and age, was
23.8% (95% Cl: 9.4-38.2%, p = 0.0012, Wald-test).

80 ‘ Journal of Hepatology 2012 vol. 56 | 78-84

— 1542 —



Table 3. Adverse events developing in more than 15% of patients in either
Groups A or B.

A:T12PR24 B: PR48
(n=126) (n = 63)

Anemia 115 (91.3%) 46 (73.0%)
Pyrexia 98 (77.8%) 46 (73.0%)
Leukocytopenia 86 (68.3%) 46 (73.0%)
Thrombocytopenié 81 (64.3%) 23 (36.5%)
Malaise 73 (57.9%) 30 (47.6%)
Serum uric acid increased 65 (51.6%) 5 (7.9%)
Serum hyaluronic acid increased 64  (50.8%) 25 (39.7%)
Alopecia 51  (40.5%) 29 (46.0%)
Headache ‘ 48 (38.1%) 32 (50.8%)
Skin rashes 48 (38.1%) 18 (28.6%)
Anorexia 42 (33.3%) 17 (27.0%)
Insomnia 40 (31.7%) 17 (27.0%)
Vomiting 37 (29.4%) 9 (14.3%)
Drug eruption 37 (29.4%) 2 (3.2%)
Arthralgia 36 (28.6%) 15 (23.8%)
Serum triglycerides increased 36 (28.6%) 11 (17.5%)
Dysgeusia 34 (27.0%) 10 (15.9%)
Diarrhoea 34 (27.0%) 19 (30.2%)
Nausea =~ = 32 (254%) 7 (11.1%)
Serum creatinine increased 32 (25.4%) 0

Erythema at the injection site 33 (26.2%) 21 (33.3%)
Reactions at the injection site 29 (23.0%) 16 (25.4%)
Stomatitis o o240 (19.0%) 12 (19.0%)
Abdominal discomfort 23 (18.3%) 12 (19.0%)
Pruritus TR 23 (18.3%) 13 (20.6%)
Nasopharyngitis 23 (18.3%) 18 (28.6%)
Influenza-like symptoms 22 (17.5%) 16 (25.4%)
Serum bilirubin increased 22 (17.5%) 13 (20.6%)
Back pain 21 (16.7%) 12 (19.0%)
Hyperuricemia 20 (15.9%) 2 (3.2%)
Serum phosphorus decreased 16 (12.7%) 13 (20.6%)
Constipation 14 (11.1%) 13 (20.6%)
Erythema S e (7A%) 13 (20.6%)

Factors influencing the treatment response are compared in
Table 2. SVR was higher in Group A than B, irrespective of differ-
ent genders, age ranges, or HCV RNA loads. Of note, SVR in
women in Group A was higher than that in Group B (70.0% vs.
43.3%, p=0.0214). Likewise, SVR in patients >50 years was
higher in Group A than B (67.1% vs. 42.9%, p = 0.0125), and that
in patients with high HCV RNA loads (>7 logio IU/ml) at the
baseline was higher in Group A than B (69.2% vs. 27.8%,
p=0.0132).

Adverse events
Adverse events occurred in all patients in both Groups A and B.

Adverse events with a frequency >15% in either group are listed
in Table 3. Of them, frequencies of anemia, thrombocytopenia,
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malaise, and elevated serum levels of uric acid as well as hyalu-
ronic acid were >10% higher in Group A than B. Most of them
were mild, and severe and serious adverse events occurred in
small proportions of patients (9.5% and 11.9% in Group A, respec-
tively, and 9.5% and 9.5% in Group B). All drugs were discontinued
due to adverse events comparatively frequently in Groups A and
B (16.7% and 22.2%, respectively), and telaprevir alone in 19.0% of
patients in Group A. The total dose of RBV was less in Group A
than B (47.0% vs. 77.7% of the target, p <0.0001). Doses of antiviral
treatments were reduced or discontinued in some patients with
moderate to severe adverse events, patients were taken care of
by specialists, and received specific therapies when necessary.
Eventually, all patients recovered from adverse events.

Hematological disorders

Anemia occurred in 91.3% and 73.0% of patients in Groups A and
B, respectively. Table 4 compares the severity of anemia between
Groups A and B. Combined, Grade 1 and 2 anemia developed
more frequently in Group A than B (38.1% vs. 17.5%, p = 0.0045).
Grade 3 anemia occurred in 11.1% in Group A only. During the
follow-up, hemoglobin increased both in Groups A and B, and
returned to pretreatment levels 12 weeks after the completion
of therapy and thereafter (Fig. 3A). Platelet counts decreased
more extensively in Group A than B (Fig. 3B). They rebounded
after the completion of therapy, and then returned to pretreat-
ment values. Decreases in neutrophil counts were milder in
Group A than B (Fig. 3C). Both in Groups A and B, neutrophils
started to increase immediately after the treatment completion,
and returned to pretreatment levels within 12 weeks.

Skin disorders

Skin disorders were monitored at every hospital visit for severity
and extent, and they were categorized into four Grades (Table 4).
When skin disorders of Grades 2-4 occurred, the attendant phy-
sician was instructed to consult with a dermatologist in each
institution for the diagnosis and specific cares, and telaprevir
was discontinued, while PEG-IFN and RBV were reduced or dis-
continued, as required. Skin disorders were mainly rash, drug
eruptions, and erythema. They occurred comparably frequently
in Groups A and B (89.7% and 84.1%, respectively), Most skin dis-
orders were mild and categorized into Grade 1 in 75.4% and 76.2%
of patients in Groups A and B, respectively. Combined, skin disor-
ders of Grades 2-4 occurred more frequently in Group A than B
(46.8% vs. 23.8%, p = 0.0026). Due to skin disorders, at least one
drug was discontinued in merely 9.5% and 3.2% of patients in
Groups A and B, respectively, and most skin disorders were con-
trollable by anti-histamine and/or steroid ointments.

Serious skin disorders developed in three patients in Group A,
but none in Group B. Stevens-Johnson syndrome occurred in one
patient 35 days after the treatment start, and led to the discontin-
uation of treatment. Erythema spread widely in the trunk
(Fig. 4A), as well as limbs and the face. Erosion of oral mucosae,
epidermal detachment, conjunctival redness, high fever to reach
39.3 °C, and lymphadenopathy were also noted. Histopathology
showed the epidermal necrosis, satellite-cell necrosis, and peri-
vascular dermatitis with infiltration of lymphocytes, neutrophils,
and eosinophils in the superficial dermis (Fig. 4B). The patient
was admitted and received steroids intravenously, and recovered
completely within 9 weeks. Drug rash with eosinophilia and
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Table 4. Decreases in hemoglobin levels and skin disorders according to the grade.

Grade A: T12PR24 B: PR48 Differences
n=126 n=63 p value

A Hemoglobin levels o L e . .
Grade 1(9.5-<11.0g/dl) =~~~ . 50(39.7%) - o 32 (50.8%) 0.1631
Grade 2 (8.0- <9.5 g/dl) : 34 (27.0%) 11 (17.5%) 0.2043
Grade 3 (<8.0 g/dl) - Lo 14 (111%) e 0 i 0.0055
Total ) : 98 (77.8%) R 43 (68.3%) ©0.1613

B Skin disorders
Grade 12 95 (75.4%) 48 (76.2%) 1.0000
Grade 2° 44 (34.9%) 12 (19.0%) 0.0282
Grade 3¢ ' 13 (10.3%) 3 (4.8%) 0.2709
Grade 4¢ 2 (1.6%) 0 (0.0%) 0.5532
Any grade 113 (89.7%) 53 (84.1%) 0.3451

2Localized skin lesions.

bDiffuse or multiple skin lesions.

€Skin lesions covering >50% of the body surface or rashes with some characteristics such as bullae, ulceration of mucous membrane, epidermal detachment, target lesion or
significant systemic signs.

dStevens-Johnson syndrome and drug rashes with eosinophilia and systemic symptoms (DRESS) were categorized in Grade 4.

A  BlZiE] PR12 Group A
(n=126): T12PR24
PR48 | __a. GroupB
16 & (n=63) PRAS
15
T 14 s
213 *p<0.01 2
812
73,11 o S R SR S
nE) 10
T 9
8 4 T T T - — T d
Q 12 24 36 48 +0 +12 +24
Treatment (weeks) Follow-up (weeks)
B B Priz | Group A
(n=126): T12PR24
l PR48 —.py. GroupB
220 (n= 63): PR48
% 200 AL A
£
E 180
2160
2
2140
2120
100 1 T T T Y r T d
0 12 24 36 48 +0 +12 +24
Treatment (weeks) Follow-up (weeks)
k — Fig. 4. Grade 4 skin regions in patients who received the triple therapy. (A)
C sy Pr12 Group A Erythema and (B) histopathology of the skin in the patient with Stevens-Johnson
I PRAS I ® (n=126): T12PR24 syndrome, as well as (C and D) generalized erythema in the patient developing
Group B d ashes with eosinophilia and ic toms (DRESS), are shown
40 Y e e, BRAS rug r: wi Pl systemic symptoms { ), are 3
n= M

0w
o o

systemic symptoms (DRESS or drug-induced hypersensitivity

Tpe0.01 g syndrome) occurred in another patient. Fresh red erythema
N appeared on the whole body, and fresh red-colored target lesions

»N
3]

Neutrophils (x107mm?)
n
o

1§ e (up to 3-4 cm in diameter) were also observed (Fig. 4C and D).

5] i . . - . . Edema in the face, lymphadenopathy, fever up to 39.7 °C, and

0 12 Trea“::m (Weeksfe 48 +0 Follu+w1-§p (weeks+)24 erosion of oral mucosae were noted, also. Maximum levels of
white blood cells, eosinophils, and atypical lymphocytes were

Fig. 3. Comparison of hematopoietic disorders b patients in Groups A 46,300/mm?°, 45.7%, and 23.3%, respectively. Titers of IgG anti-
and B. (A) Median hemoglobin levels, (B) platelet counts, and (C) neutrophil body to human herpes virus 6 were x160 (29 days after the
counts are plotted during treatment and follow-up. Ranges from 25% to 75% are onset) and x2560 (57 days). The remaining patient developed

omitted for visual clarity. Statistical tests were performed at weeks 4, 8, 12, and . . A .
24 in the treatment period, end of treatment, and at weeks 12 and 24 in the erythema multiforme. These two patients received steroids orally

follow-up period. An asterisk (*) indicates p <0.01 difference. and recovered completely within 14 weeks.
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Discussion

A prospective, randomized, and treatment-controlled clinical
trial was planned and conducted in Japan to compare the thera-
peutic efficacy and safety profiles between the triple therapy
with T12PR24 and the SOC treatment with PR48. In this trial,
126 patients were assigned to receive T12PR24 (Group A) and
the 63 to receive PR48 (Group B). They all were treatment-naive,
and infected with HCV-1 in high viral loads (=5 log;, IU/ml) and
of genotype 1b in the great majority (98.9%). Randomization was
not adopted due to ethnical concerns against giving intravenous
placebo weekly for 24 weeks to patients in Group A.

Dynamics of circulating HCV RNA during treatment was quite
different between Groups A and B. HCV RNA disappeared more
frequently (98.4% vs. 79.4%, p <0.001) and swiftly (within 8 vs.
38 weeks) in patients in Group A than B. Accordingly, SVR was
achieved more frequently in patients with T12PR24 than PR48
(73.0% vs. 49.2%, p=0.0020), while rates of relapse (16.7% vs.
22.2%) and breakthrough (3.2% and 1.6%) were not different
between them. Due to the higher therapeuntic efficacy and shorter
treatment duration, T12PR24 would be more suitable for treat-
ment of HCV-1 patients than the standard PR48, and lessen the
total economic burden of patients and the nation.

Previous clinical trials with telaprevir were conducted in Eur-
ope or the United States and combined with PEG-IFN-o2a [8-11].
In the present study, Japanese patients have responded to a triple
therapy with PEG-IFN-o2b, with an efficacy of 73% in comparison
with 72-75% in phase 3 clinical trials [10,11]. In a recent report,
PEG-IFN-0i2a and -a2b were equally effective in triple therapies
in combination with telaprevir and RBV [16]. Frequency of side
effects demanding the discontinuation of all drugs is comparable
between patients receiving the triple therapy with PEG-IFN-02a
in phase 3 trials [10,11] and -a2b in the present study (7-17%
and 17%, respectively).

In our previous report [17], the IFN-responsive C/C genotype
of 1L28B at rs12979860 was detected in 42 out of the 72 (55%)
patients infected with HCV-1 in Japan; the prevalence was not
much different from that in 336 out of the 769 (44%) European-
Americans [18]. The susceptibility to telaprevir depends on HCV
genotypes, and is higher for genotypes 1 and 2 than genotypes
4 and 5 in in vitro experiments [19]. Further, it may differ
between 1a and 1b, due to dissimilar evolution patterns of
drug-resistant mutations [14]. Nevertheless, present patients
infected with HCV-1b in the great majority (98.4%) were equally
responsive to the triple therapy with telaprevir as those infected
with HCV-1a [8,9,11].

High efficacy of T12PR24 was accompanied by increased
adverse events, of which anemia and skin lesions were worri-
some. Moderate and severe anemia (<9.5 g/dl) developed more
frequently in Group A than B (38.1% vs. 17.5%, p = 0.0045). Since
Japanese patients with chronic hepatitis C are older by >10 years
than those in Western countries, with a higher proportion of
women, they are prone to develop anemia during treatment with
telaprevir. Stringent precaution had to be taken, therefore, by
deducting the RBV dose in patients in whom hemoglobin levels
decrease <12 g/dl, higher than the conventional threshold of
<10 g/dl. The total RBV dose was lower in Group A than B
(47.0% vs. 77.7% of the target, p <0.0001). However, decreased
doses of RBV or PEG-IFN did not influence substantially the
therapeutic efficacy of T12PR24.
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Skin disorders of Grades 2-4 occurred more frequently in
Group A than B (46.8% vs. 23.8%, p = 0.0026). It has to be noted
that Grade 4 skin lesions, such as Stevens—Johnson syndrome
and drug rashes with eosinophilia and systemic symptoms
(DRESS), developed exclusively in patients in Group A. Since stud-
ied patients were monitored carefully and received immediate
care by dermatologists, if and when skin lesions of Grades 2-4
developed, all patients eventually recovered. In the area of DAAs,
potentially accompanying severe skin disorders, physicians
would need close cooperation with dermatologists for the care
of patients with hepatitis C.

In conclusion, this multicenter, randomized, and treatment-
controlled study of T12PR24 in Japanese patients infected with
HCV-1b has proven the efficacy and safety comparable to those
in previous phase 3 studies [10,11]. Due to the excellence of
T12PR24 over the standard PR48, we hope it will be used widely
in patients with chronic hepatitis C over the world, who are
expected to increase rapidly in the foreseeable future [20].
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Abstract

Background and Aim: Interleukin-28B (JL28B) single nucleotide polymorphism (SNP)
influences viral response (VR) to interferon (IFN) therapy in patients with hepatitis C. We
studied the relationship between VR and the IL28B polymorphism (rs8099917) in patients
on long-term pegylated TFN plus ribavirin (PEGIFN/RBV) therapy for recurrent hepatitis
C after living-donor liver transplantation (LDLT).

Methods: Thirty-five patients with recurrent hepatitis C after LDLT were treated with
PEGIFN/RBV. We evaluated the effect of JL28B SNP on the outcome in 20 patients
infected with hepatitis C virus genotype 1 who completed IFN therapy.

Results: The sustained VR (SVR) rate was 54% (19/35) for all patients; 46% (13/28) for
genotype 1. The SVR rate of donors” TT group (major genotype) was higher than that of
donors’ TG + GG group (minor genotype) (73% vs 20%), while that of recipients” TT
group was similar to that of recipients’ TG + GG group (64% vs 50%). With regard to the
combined effect of donors’ and recipients’ IL28B SNP, the SVR rates of TT:TT
(donors’ : recipients’), TT : TG + GG, TG + GG : any group were 81%, 50%, and 20%,
respectively. The VR rate of TT : TT, TT : TG + GG and TG + GG : any group at 12 weeks
were 28%, 0%, and 0%; those at 48 weeks were 70%, 50%, 20%, and those at the end of
treatment were 100%, 50%, 20%, respectively. The multivariate analysis identified /L28B
of donors : recipients (TT : TT) as the only independent determinant of SVR (odds ratio
15.0, P =0.035).

Conclusion: Measurement of donors’ and recipients’ JL28B SNP can predict the response
to PEGIFN/RBYV therapy, and the donors’ IL28B SNP might be a more significant predictor
than that of the recipients.
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(IL28B) gene on chromosome 19, coding for IFN-A-3, was found

Introduction : :
d to be strongly associated with SVR rate in treatment-adherent

Hepatitis C virus (HCV) has infected 170 million people world-
wide, and such infection sometimes progresses to liver cirrhosis
and/or hepatocellular carcinoma.! The current treatment for
patients infected with HCV genotype | (HCV-1) is the combina-
tion of pegylated interferon-o. and ribavirin (PEGIFN/RBV) for
48 weeks.> However, this treatment results in sustained viral
response (SVR) in only approximately 50% of patients with
HCV-1 infection. :

In a recent genome-wide association study, a single nucleotide
polymorphism (SNP) upstream of the interleukin (IL)-28B

Journal of Gastroenterology and Hepatology 27 (2012) 1467-1472

HCV-1 patients.*® The G nucleotide of rs8099917 was associated
with a poor response to treatment (minor allele), whereas a T
nucleotide was found to be associated with a fair response to
treatment (major allele) in Japanese patients.

HCV-related end-stage liver disease is currently the leading
indication for liver transplantation (LT). However, the outcome of
LT for patients with HCV-related liver disease has been less
satisfactory than those with HCV-negative liver disease.’™"
HCYV recurrence is universal after LT with accelerated progression
of liver fibrosis. Approximately 20-25% of HCV-positive
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patients develop cirrhosis within 5 years after LT, and approxi-
mately 50% within 10 years.'*'%!7 LT recipients with recurrent
HCV are treated with a combination of PEGIFN/RBV for
48 weeks. However, eradication with IFN therapy after LT is ham-~
pered by the use of immunosuppressive agents, anemia, frequent
side-effects, and the need to discontinue or reduce therapy. The
outcome of PEGIFN/RBYV antiviral therapy after LT is poor, with
the SVR rate ranging from 10% to 30% for HCV-1-infected
patients.'8-2*

However, Fukuhara et al.® reported that in patients with recur-
rent HCV infection after LT, combination analyses of SNP of
IL28B in both the donor and recipient tissues and mutations in
HCV-RNA allow the prediction of SVR to PEGIFN/RBYV therapy.

We reported previously the effectiveness of the treatment of
recipients with PEGIFN/RBV until HCV-RNA reaches undetect-
able levels, followed by continuation of treatment for at least
48 weeks (i.e. long-term IFN therapy).” Others also reported SVR
rates of 34% and 50% under the same treatment, respectively.?*?’

In the present study, we analyzed the viral response to long-term
PEGIFN/RBYV therapy in patients according to the major and
minor genotypes of the polymorphic /L28B gene.

Methods

Patients. Sixty-five patients underwent living-donor LT
(LDLT) for HCV-related end-stage liver disease between 2000 and
January 2011. Among them, 22 patients died before the start of
therapy, one was naturally negative for HCV-RNA before LT, one
did not become positive for HCV-RNA after LDLT, and four
obtained SVR by IFN therapy before LT, thus leaving 37 patients
treated with IFN therapy at our institution. Of these, two patients
are currently continuing antiviral therapy. A total of 35 patients
were enrolled in this retrospective study.

There were 28 patients with HCV-1, and seven with HCV-2. The
data of eight of the 28 patients with HCV-1 were excluded from
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Figure 1 Flow diagram of patient recruit-
ment. HCV, hepatitis C virus; IFN, interferon;
LDLT, living-donor liver transplantation; LT,
liver transplantation; RBV, ribavirin; SVR, sus-
tained viral response.

the analysis due to the use of standard IFN/RBYV in four patients,
and cessation due to side-effects in four patients. Thus, the study
included 20 patients with HCV-1 (Fig. 1).

Protocol of antiviral therapy. Patients received
PEGIFN-a-2b subcutaneously once weekly combined with RBV
(200 mg/day). The dose of the latter was increased to 800 mg/day
in a stepwise manner, according to individual tolerance within the
first 12 weeks of therapy. The combination PEGIFN/RBYV therapy
was continued for more than 48 weeks after the disappearance of
serum HCV-RNA. At the end of the active treatment, patients
were followed for another 24 weeks without treatment. In patients
who remained positive for HCV-RNA in spite of treatment for
more than 48 weeks, PEGIFN was switched to PEGIFN-w-2a, and
treatment was continued as described earlier.
The study was conducted in accordance with the Declaration of
Helsinki, and was approved by the local ethics committees of all
participating centers. Written, informed consent was obtained
from all participating patients.

Assessment of therapy efficacy. HCV-RNA levels
were measured using one of several reverse transcription—
polymerase chain reaction (RT-PCR)-based methods (TagMan
RT-PCR test) at weeks 4, 8, and 12, and thereafter every 4 weeks
of treatment, and at 24 weeks after the cessation of therapy.

SNP genotyping and quality control. Because the two
reported significant JL28B SNP (rs8099917 and rs12979860) are
in strong linkage disequilibrium, we examined only rs8099917 in
this study. Some samples obtained from patients with HCV-1 were
determined using the Illumina HumanHap610-Quad Genotyping
BeadChip (San Diego, CA, USA), whereas the remaining samples
were genotyped using the Invader assay (Third Wave Technolo-
gies, Madison, W1, USA), as described previously.??
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Table 1 Characteristics of 20 patients with recurrent hepatitis C geno-
type 1 after living-donor liver transplantation

Age {years}’ 58 (44~70)
Sex (maleffemale) 15/5
Body mass index (kg/m?)* 24,3 (18.8-42.2)

Viral load at therapy {LoglU/mL)* 6.6 {4.9-7.8)
Time from transplantation to therapy (months)T 4 (1-41)
No. mutations in the ISDR (0-1/2-5) 12/8
HCV core70 region (mutant/wild) 12/8
HCV core 91 region (mutant/wild) 10/10
Donors” /L28B genotype TT/TG + GG 15/5
Recipients’ /IL28B genotype TT/TG + GG 14/6
Combination of donors’ and recipients’ 11/4/3/2

IL288 genotype (TT : TT/TT : TG + GG/TG +

GG :TT/TG+ GG : TG + GG)
Immunosuppression (tacrolimus/cyclosporine) 16/4
Adherence to PEGIFN = 70/< 70 (%)" 11/9
Adherence to RBY = 50/< 50 {%)" 8/12

Values are median (range). HCV, hepatitis C virus; /L28B, interleukin-
28B; ISDR, interferon sensitivity-determining region; PEGIFN, pegylated
interferon; RBVY, ribavirin.

Analysis of the nucleotide sequences of the core
and non-structural 5A regions. The amino acid (aa)
substitutions at aa 70 and aa 91 of the HCV core region and
mutation at the IFN sensitivity-determining region were analyzed
in the non-structural 5A region of HCV by the direct sequencing
method, as described previously by our group.*3! Samples after
LT were used.

Statistical analysis. Non-parametric tests (y>-test and Fish-
er’s exact probability tests) were used to compare the characteris-
tics of the groups. Univariate logistic regression analysis was used
to determine those factors that significantly contributed to early
viral dynamics. The odds ratios and 95% confidence intervals were
also calculated. All P-values < 0.05 using two-tailed tests were
considered significant. Variables that achieved statistical signifi-
cance (P < 0.05) or marginal significance (P < 0.10) in the univari-
ate analysis were entered into multiple logistic regression analysis
to identify significant independent predictive factors. Statistical
analyses were performed using PASW 18 statistical software
(SPSS, Chicago, IL, USA).

Results

Patient characteristics. Table | shows the baseline char-
acteristics of the 20 patients with recurrent hepatitis C after LT
who completed PEGIFN/RBV treatment. The median age of the
patients (15 males and 5 females) was 58 years, and the median
body mass index was 24.3. The median latency between transplan-
tation and the initiation of antiviral therapy was 4 months. The
median pretreatment serum HCV-RNA viral load was 6.6 LogIU/
mL. The IL28B genotype (rs8099917) of the donors was TT in 15
patients, and TG + GG in five patients, whereas that of the recipi-
ents was TT in 14, and TG + GG in six. Immunosuppressive
therapy included tacrolimus in 16, and cyclosporine in four.

Journal of Gastroenterology and Hepatology 27 (2012} 1467-1472
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Efficacy and tolerance of IFN therapy and
side-effects. Figure 1 shows the effects of IFN therapy
according to genotype. The SVR rate was 54.2% (19/35) for all
patients. Among the patients infected with HCV-1, one of eight
patients who were treated with mono-IFN/RBV or ceased treat-
ment had SVR. Twelve of 20 patients with HCV-1 who completed
IFN therapy achieved SVR. Thus, the SVR rate was 46.4% (13/28)
for those with HCV-1, and 85.7% (6/7) with HCV-2. In patients
with HCV-1, four ceased IFN therapy due to adverse effects. These
included general fatigue in one, rejection in two, and cerebral
hemorrhage in one patient.

Relationship between IL28B and viral response in
patients infected with HCV genotype 1. Data or eight of 28
patients with HCV-1 were excluded from the analysis due to
standard-IFN plus RBV in four patients, and the cessation of IFN
therapy due to adverse effects in four patients. Thus, the data of 20
patients with HCV-1 were available for the analysis of IL28B.

In the donors, the SVR rate of the TT group (73.3% [n = 11/15])
was higher than that of the TG+ GG group (20% [n=1/5],
P =0.053, Fig. 2a). In the recipients, the SVR rate of the TT group
(64.2% |n = 9/14]) was similar to that of the TG + GG group (50%
[n=3/6]) (Fig. 2b). The SVR rate of the TT : TT group (donors’
IL28B : recipients’ IL28B) was 81.8% (rn=9/11), which was
higher than the SVR rate of the TT: TG+ GG group (50%
[n=2/4], Fig. 2c). The SVR rate of the TG+ GG : any group
(donors’ JIL28B : recipients’ IL28B of either TT or TG + GG) was
20% (n = 1/5), which was lowest among the three groups. There
was significant difference between the SVR of the TT : TT group
and TG + GG : any group (P = 0.036). We also analyzed the viral
response (VR) rate according to the combination of donors’ and
recipients’ JL28B. The VR rates of TT:TT, TT: TG+ GG,
TG + GG : any group at 12 weeks were 28%, 0%, and 0%; those at
48 weeks were 70%, 50%, and 20%; and those at the end of
treatment were 100%, 50%, and 20%, respectively. The VR rate of
the TT : TT group was 63.6% (n="7/11), which was higher than
the VR rate of the TG+ GG:any group (0% [n=0/5]) at
24 weeks. The VR rate of the TT : TT group was 100% (n =11/
11), which was higher than the VR rate of the TG + GG : any
group (20% [n = 1/5]) at the end of treatment. The SVR rate of the
TT : TT group was 100% (n = 11/11), which was higher than the
SVR rate of the TG + GG : any group (20%, n = 1/5) at 24 weeks
at the end of treatment (Fig. 3).

Analysis of factors associated with SVR in HCV-1
patients with recurrent hepatitis C. The univariate analysis
identified three parameters that correlated with SVR either signifi-
cantly or marginally: the combination of donors” and recipients’
IL28B (TT:TT P=0.037), donors’ JL28B (TT genotype;
P =0.053), and adherence to RBV therapy (= 50; P=0.076,
Table 2). The combination of donors’ and recipients’ IL28B
(TT : TT genotype) and adherence to RBV (> 50; P = 0.076) were
entered into the multiple logistic regression analysis to identify
significant independent predictive factors. The multivariate analy-
sis identified the combination of donors’ and recipients’ JL28B
(TT : TT) as the only significant and independent factor that influ-
enced the SVR: (odds ratio: 15.0, 95% CI: 1.2-185.1, P =0.035).
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