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FGF3/FGF4 Amplification and Multiple Lung Metastases
in Responders to Sorafenib in Hepatocellular Carcinoma

.12

Tokuzo Arao,'* Kazuomi Ueshima,™* Kazuko Matsumoto, * Tomoyuki Nagai,'” Hideharu Kimura,'
Satoru Hagiwara,” Toshiharu Sakurai,” Seiji Haji,® Akishige Kanazawa,* Hisashi Hidaka,” Yukihiro Iso,®
Keiichi Kubota,® Mitsuo Shimada,” Tohru Utsunomiya,” Masashi Hirooka,? Yoichi Hiasa,® Yoshikazu Toyoki,’
Kenichi Hakamada,? Kohichiroh Yasui,"® Takashi Kumada,"' Hidenori Toyoda,"* Shuichi Sato,'* Hiroyuld Hisai,'®
Teiji Kuzuya,'* Kaoru Tsuchiya,"* Namiki Tzumi,'* Shigeki Arii,"® Kazuto Nishio," and Masatoshi Kudo®

The response rate to sorafenib in hepatocellular carcinoma (HCC) is relatively low (0.7%-
3%), however, rapid and drastic tumor regression is occasionally observed. The molecular
backgrounds and clinico-pathological features of these responders remain largely unclear.
We analyzed the clinical and molecular backgrounds of 13 responders to sorafenib with sig-
nificant tumor shrinkage in a retrospective study. A comparative genomic hybridization
analysis using one frozen HCC sample from a responder demonstrated that the 11q13
region, a rare amplicon in HCC including the loci for FGF3 and FGF4, was highly ampli-
fied. A real-time polymerase chain reaction—based copy number assay revealed that FGF3/
FGF4 amplification was observed in three of the 10 HCC samples from responders in which
DNA was evaluable, whereas amplification was not observed in 38 patients with stable or
progressive disease (P = 0.006). Fluorescence in situ hybridization analysis confirmed
FGF3 amplification. In addition, the clinico-pathological features showed that multiple
lang metastases (5/13, P = 0.006) and a pootly differentiated histological type (5/13, P =
0.13) were frequently observed in responders. A growth inhibitory assay showed that only
one FGF3/FGF4-amplified and three FGFR2-amplified cancer cell lines exhibited hyper-
sensitivity to sorafenib in vitro. Finally, an in vive study revealed that treatment with a low
dose of sorafenib was partially effective for stably and exogenocusly expressed FGF4 tumors,
while being less effective in tumors expressing EGFP or FGF3. Conclusion: FGF3/|FGF4
amplification was observed in around 2% of HCCs. Although the sample size was relatively
small, FGF3/FGF4 amplification, a poorly differentiated histological type, and multiple
lung metastases were frequently observed in responders to sorafenib. Our findings may
provide a novel insight into the molecular background of HCC and sorafenib responders,
warranting further prospective biomarker studies. (Hepatorocy 2013357:1407-1415)

Abbreviarions: 5FU, 5-fluoronracil; CGH, comparative g ic hybridization; DMEM, Dulbeccos modified Eagles medium; EGER, epidermal growth factor
receptar; FBS, fetal bovine sersm; FFPE, formalin-fived, paraffin-embedded; FISH, fluorescence in sicu hybridization; HCC, hepatocelbar carcinoma; ICs, 50%
inhibitory concentration; mRINA, messenger RNA; PCR, polymerase chain reaction; PIVKA-IL, protein induced by vitamin K absence or antagonist-Il: RPMI-

1640, Roswell Park Manoriaf Institute 1640; RT-PCR, reverse-transcription PCR.
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treatment. The present study was approved by the
institutional review boards of all the centers involved
in the study, and informed consent was obtained from
the patients.

Isolation of Genomic DNA. Genomic DNA sam-
ples were extracted from deparaffinized tssue sections
preserved as FFPE dssue using a QIAamp DNA Micro
kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions. Genomic DNA samples were
extracted from surgical frozen sections using a
QIAamp DNA Mini kit (Qiagen) according to the
manufacturer’s instructions. The DNA concentration
was determined using the NanoDrop2000 (Thermo
Scientific, Waltham, MA).

Comparative Genomic Hybridization Analy-
sis. The Genome-wide Human SNP Array 6.0 (Affy-
metrix, Santa Clara, CA) was used to perform array
comparative genomic hybridization (CGH) on
genomic DNA from HCC and paired liver samples
according to the manufacturer’s instructions. A total of
250 ng of genomic DNA was digested with both Nsp
I and Sty I in independent parallel reactions, subjected
to restriction enzymes, ligated to the adaptor, and
amplified using polymerase chain reaction (PCR) with
a universal primer and TITANIUM Taq DNA Poly-
merase (Clontech, Palo Alt, CA). The PCR products
were quantified, fragmented, end-labeled, and hybri-
dized onto a Genome-wide Human SNP6.0 Array.
After washing and staining in Fluidics Station 450
(Affymetrix), the arrays were scanned to generate CEL
files using the GeneChip Scanner 3000 and GeneChip
Operating Software version 1.4. In the array CGH
analysis, sample-specific copy number changes were an-
alyzed using Partek Genomic Suite 6.4 software (Par-
tek Inc., St. Louis, MO).

Copy Number Assay. The copy numbers for FGF3
and FGF4 were determined using commercially avail-
able and predesigned TagMan Copy Number Assays
according to the manufacturer’s instructions (Applied
Biosystems, Foster City, CA) as described.'® The
primer IDs used for the FGFs were as follows: FGF3,
Hs06336027_cn; FGF4, HS01235235_cn. The TERT
locus was used for the internal reference copy number.
Human Genomic DNA (Clontech) and DNA from
noncancerous FFPE tissue were used as a normal
control.

Real-Time Reverse-Transcription PCR. Real-time
reverse-transcription PCR (RT-PCR) was performed as
described.”* In brief, complementary DNA was pre-
pared from the total RNA obtained from each surgical
frozen section using a GeneAmp RNA-PCR kit
(Applied Biosystems). Real-time RT-PCR amplification
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was performed using a Thermal Cycler Dice (TaKaRa,
Otsu, Japan) in accordance with the manufacturer’s
instructions under the following conditions: 95°C for
5 minutes, followed by 50 cycles of 95°C for 10 sec-
onds and 60°C for 30 seconds. The primers used for
the real-time RT-PCR were as follows: FGF3, 5'-TTT
GGA GAT AAC GGC AGT GGA-3' (forward) and
5-CGT ATT ATA GCC CAG CTC GIG GA-3
(reverse); FGF4, 5'-GAG CAG CAA GGG CAA GCT
CTA-3' (forward) and 5’-ACC TTC ATG GTG GGC
GAC A-3 (reverse); GAPD, 5'-GCA CCG TCA AGG
CTG AGA AC-3 (forward) and 5-ATG GTG GTG
AAG ACG CCA GT-3' (reverse). GAPD was used to
normalize expression levels in the subsequent quantita-
tive analyses.

Fluorescence In Sita Hybridization Analysis. Fluor-
escence in situ hybridizaton (FISH) was performed
as described.’® Probes designed to detect the FGF3
gene and CENIIp on chromosome 11 were la-
beled with fluorescein isothiocyanate or Texas red
and were designed to hybridize to the adjacent
genomic sequence spanning approximately 0.32 Mb
and 0.63 Mb, respectively. The probes were gener-
ated from appropriate clones from a library of
buman genomic clones (GSP Laboratory, Kawasaki,
Japan).

Immunoblotting. Western blot analysis was per-
formed as described."’ The following antibodies were
used: monoclonal FGF3 (R&D Systems, Minneapolis,
MN), FGF4 and FGFR2 antibodies (Santa Cruz Bio-
technology, Santa Cruz, CA), and phosphorylated
FGFR and horseradish peroxidase—conjugated second-
ary antibodies (Cell Signaling Technology, Beverly,
MA). NIH-3T3 cells were exposed to the indicated
concentrations of sorafenib for 2 hours and were then
stimulated with FGF4-conditioned medium for 20
minutes.

Cell Growth Inhibitory Assay. To evaluate growth
inhibition in the presence of various concentrations of
sorafenib, we used an MTT assay as described.'?

Plasmid Construction, Viral Production, and Sta-
ble Transfectants. The methods used in this section
have been described.” The complementary DNA frag-
ment encoding human full-length FGF3 or FGF4 was
isolated using PCR and Prime STAR HS DNA poly-
merase (TaKaRa, Otsu, Japan) with following primers:
FGF3, 5-GG GAA TTC GCC GCC ATG GGC
CTA ATC TGG CTG CTA-3' (forward) and 5-CC
CTC GAG GCC CAG CTA GTG CGC ACT GGC
CTC-3 (reverse); FGF4, 5-GG GAA TTC GCC
GCC ATG TCG GGG CCC GGG ACG GCC GCG
GTA GCG C-3' (forward) and 5-CC CTC GAG
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Fig. 2. FGF3/FGF4 gene amplification is frequently observed in responders to sorafenib in HCC. (A) FGF3/FGF4 gene amplification was deter-
mined using the TagMan copy number assay in DNA samples obtained from 48 HCC samples that had been treated with sorafenib. FGF3 ampli-
fication of >5 copies was observed in three of the sorafenib responders. *Complete response + partial response versus stable disease +
progressive disease. (B) FGF3/FGF4 gene amplification mediates the overexpression of FGF3/FGF4 mRNA. The mRNA expression levels of FGF3
and FGF4 were examined in nine HCC samples that were available as frozen samples among 48 HCC samples that were treated with sorafenib.

Rel. mRNA, target gene/GAPD x 10°.

The 11q13 locus is known to be a frequently ampli-
fied region in several human cancers except HCC.?
Thus, we hypothesized that the amplification of 11q13
may be involved in a marked response to sorafenib.

FGF3/FGF4 Gene Amplification Is Frequently
Observed in Responders to Sorafenib. To address the
question of whether FGF3/FGF4 gene amplification is
also found in the HCC of other responders to sorafe-
nib, we examined HCC specimens collected from 11
other medical centers in Japan. Because most of the
HCC samples were collected as FFPE samples, we
used a TagMan Copy number assay.'® A copy number
assay revealed that FGF3/FGF4 amplification was
observed in three of the 10 (30%) HCC samples that
responded to sorafenib, whereas no amplification was
observed in the 38 specimens from patients with stable
or progressive disease (P = 0.006, Fig. 2A). The copy
numbers for FGF3/FGF4 were 10.2 = 0.8/6.7 * 0.8,
26.7 =+ 0.4/35.1 * 3.1, and 162.5 * 9.0/165.0 =
12.5 copies in the amplified samples, whereas the copy
numbers of FGF3 for all the other samples were below
5 copies. The correlation between the FGF3 locus and
the FGF4 locus copy numbers was very high R =
0.998), indicating that the DNA copy number assay

for FGF3/FGF4 was a sensitive and reproducible
method.

FGF3/FGF4 Gene Amplification Mediates the
Overespression of FGF3/FGF4 Messenger RNA. We
examined the messenger RNA (mRINA) expression lev-
els of FGF3/FGF4 in nine HCC samples that were
available as frozen samples among the 48 sorafenib-
treated samples, as shown in Fig. 2A. One amplified
sample expressed extremely high mRNA levels of
FGF3/FGF4 compared with nonamplified samples
(Fig. 2B). The results demonstrated that FGF3/FGF4
gene amplification mediates the overexpression of
FGF3/FGF4 mRNAs and proteins (Figs. 2B and 1D).

FISH Analysis Confirmed FGEF3/FGF4 Gene
Amplification. We used FISH analysis to examine
FGF3/FGF4 amplification and to verify the results of
the above-described PCR-based DNA copy number
assay. All FGF3/FGF4-amplified clinical samples were
confirmed as exhibiting high-level FGF3 amplification
using FISH analysis (Fig. 3). One patient showed mul-
tiple scattered signals, whereas two patients showed
large clustered signals. Nonamplified HCC yielded a
negative result for gene amplification. These results
clearly demonstate the presence of FGF3/FGF4-
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Table 2. Clinicopathological Characteristics and FGF3/FGF4
Gene Amplificafion in Respenders and Nonresponders to

Sorafenib
Characteristic (n=13) {n = 42) P Value*
Age, years (range) 63 (47-84) 66 (22-89) 0.98
Sex, M/F 10/3 30/12 0.97
Viral status, no. 0.69
HBV 5 10
HCV 6 16
B+C 0 1
Non-B, non-C 2 15
AFP, ng/mL (range) 378 (8-404,100) 56 (2-114,248) 033
PIVKA-Il, mAU/mL (range) 728 (14-847,000) 81 (11-147,000) 0.78
Clinical stage, no. 0.73
I 0 1
il 3 13
WY 10 28
Primary tumor, cm (range) 5 (0-14) 3 (0-15) 0.20
Lung metastasis, no. 0.13
{(—) 6 31
{-+) 7 11
Multiple fung metastases, no. 0.006
<5 8 40
>5 5 2
Other metastases, no. 0.24
(—) 11 26
(+) 2 16
Histological type, no. 0.13
Well 1 7
Moderate 6 26
Poor 5 6
Combinationt 1 3
Response, no. ND
Complete response 6 -
Partial response 7 -
Stable disease - 16
Progressive disease - 24
Not evaluable - 2

Abbreviations: AFP alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C
virus; ND, not done.

*P values of viral status and histological type were calculated between HBV
versus HCV and pootly differentiated versus nonpoorly differentiated.

FHCC with cholangiocarcinoma component.

more common among responders to sorafenib (res-
ponders, 5/13 [38%]; nonresponders, 6/42 [14%]; P
= 0.13). These results suggest that multiple lung me-
tastases and a pootly differentiated histology may be
clinical biomarkers for sorafenib treatment in patients
with HCC.

Sorafenib Potently Inbibits Cellular Growth in
FGF3/FGF4-Amplified and FGFR2-Amplified Cell
Lines. We examined the growth inhibitory effect of
sorafenib in various cancer cell lines to evaluate
whether activated FGFR signaling is involved in the
response to sorafenib. Among 26 cell lines, KYSE220
was the only FGF3/FGF4-amplified cell line (data not
shown), and HSC-43, HSC-39, and KATOII were
the only FGFR2-amplified cell lines.® Sorafenib

ARAO ET AL, 1413

potently inhibited cellular growth in these four cell
lines at 2 sub-uM 50% inhibitory concentration (ICsq)
(Fig. 5A). The ICsq values were as follows: HSC43,
0.8 uM; HSC39, 0.6 uM; KATOI, 04 uM; and
KYSE220, 0.18 puM. These results suggest that acti-
vated FGFR signaling may be involved in the response
to sorafenib.

Sorafenib Inhibits Tumor Growth in FGF4-Intro-
ducing Cell Lines In Vivo. Finally, we established
cancer cell lines stably overexpressing EGFE FGF3, or
FGF4 to examine the relationship between the gene
function of FGF3 or FGF4 and drug sensitivity to sor-
afenib 7» vivo. Western blotting confirmed that exoge-
nously expressed FGF3 and FGF4 were secreted into
the culture medium (Fig. 5B). Sorafenib inhibited the
FGF4-conditioned, medium-mediated expression levels
of phosphorylated FGFR (Figure 5C). A similar result
was obtained using recombinant FGF4 (data not
shown). Mice inoculated with these cell lines were
treated with a low dose of oral sorafenib (15 mg/kg/
day) or without sorafenib (vehicle control). FGF3
overexpression did not increase the tumor volume
compared with EGFP tumors; however, FGF4 overex-
pression aggressively increased tumor volume and
clearly enhanced the malignant phenotype (Fig. 5D).
Notably, the low-dose sorafenib treatment significantly
inhibited the growth of the A549/FGF4 tumors,
whereas it was not effective against A549/EGFP and
A549/FGF3 tumors (Fig. 5D). These results suggest
that overexpression of FGF4 is partially involved in
the response to sorafenib.

Discussion

The FGF3 gene was first identified and character-
ized based on its similarity to the mouse fgf3/int-2
gene, which is a proto-oncogene activated in virally
induced mammary tumors in mice.'®> Meanwhile, the
FGF4 gene was first identified in gastric cancer as an
oncogene HST, which has the ability to induce the
neoplastic transformation of NIH-3T3 cells upon
transfection.'® These genes were initially regarded as
proto-oncogenes. FGF3 and FGF4 genes are located
side-by-side and are also closely located o the FGFI9
and CCNDI genes (within 0.2 Mb of the 11qI3
region).”> The 11q13 region is known as a gene-dense
region, and gene amplification of this region is fre-
quently observed in various solid cancers (including
breast cancer, squamous cell carcinoma of the head
and neck, esophageal cancer, and melanoma) at fre-
quencies of 13%-60%."> On the other hand, the fre-
quency of FGF3/FGF4 amplification in HCC remains
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sorafenib is necessary. We are presentdy undertaking a
prospective molecular translatonal study (2010-2012)
in a cohort of Japanese patients with sorafenib-treated
HCC.

Multiple lung metastases were frequently observed
among responders to sorafenib (38%) but were less
common among nonresponders (5%). Based on a Jap-
anese follow-up survey of patients with primary HCC,
lung metastasis was observed in 7% (169/2355) of the
patients at the tme of autopsy.”’ Another study dem-
onstrated that 15% of patients were found to have ex-
trahepatic metastases, and lung metastasis was detected
in 6% of 995 consecutive HCC patients.”’ When
compared with these data from large-scale studies, the
frequency of lung metastasis among responders to sor-
afenib seems quite high. In addition, a poorly differen-
dated histological type tended to be more common
among responders, although the correlation was not
significant.

In conclusion, we found that FGF3/FGF4 gene
amplification, multple lung metastases, and a poorly
differentiated histological type may be involved in the
response to sorafenib.
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Baseline Factors and Early Viral Response (Week 4)
to Antiviral Therapy With Peginterferon and
Ribavirin for Predicting Sustained Virologic
Response in Patients Infected With Hepatitis C
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Both baseline predictive factors and viral
response at week 4 of therapy are reported to
have high predictive ability for sustained viro-
logic response to peginterferon and ribavirin
combination therapy in patients with hepatitis
C virus (HCV) genotype 1. However, it is not
clear how these baseline variables and week 4
response should be combined to predict
sustained virologic response. In this multicen-
ter study, the authors investigated the impact
of baseline predictive factors on the predictive
value of week 4 viral response. Receiver-operat-
ing characteristic curve analyses were per-
formed to evaluate the ability of week 4
reduction in HCV RNA levels to predict sus-
tained virologic response in 293 Japanese
patients infected with HCV genotype 1b. Analy-
ses were performed in all patients and in
patient subgroups stratified according to base-
line variables. Overall, week 4 viral reduction
demonstrates a high predictive ability for sus-
tained virologic response. The sensitivity,
specificity, positive predictive value (PPV), neg-
ative predictive value, and accuracy were
higher than those of viral reduction at week 12.
However, the best cut-off levels differ depend-
ing on the baseline factors and they were lower
in patients with unfavorable baseline predic-
tors. When patients had the TG/GG rs8099917
genotype, the best cut-off was markedly low
with low PPV. Week 4 viral response can be a
predictor of sustained virologic response in
patients with HCV genotype 1 and is better than
week 12 viral response. However, the cut-off

© 2012 WILEY PERIODICALS, INC.

levels should be modified based on the base-
line predictive variables. J. Med. Virol.
85:65-70, 2013. © 2012 Wiley Periodicals, Inc.

KEY WORDS: chronic hepatitis C; peginter-
feron and ribavirin; week 4 viral
response; baseline predictive
factors, genetic polymorphism

near the /L28B gene

INTRODUCTION

Although the combination antiviral therapy with
peginterferon (PEG-IFN) and ribavirin has increased
markedly the rate of patients with a sustained viro-
logic response, that is, the eradication of hepatitis C
virus (HCV), only 50% of patients infected with HCV
genotype 1 had achieved a sustained virologic re-
sponse, approximately. Several studies reported that
early HCV viral dynamics during therapy have a high
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predictive value for a sustained virologic response in
HCV genotype l-infected patients. Previous studies
reported that the response of HCV during combina-
tion therapy, that is, the changes in serum HCV
RNA levels after starting therapy, has been shown to
be an important predictor of the treatment outcome
[Zeuzem et al., 2001; Buti et al., 2002; Berg et al.,
2006]. Several recent reports have emphasized the
importance of evaluating the viral dynamics at
4 weeks after starting therapy to predict a sustained
virologic response. A rapid virologic response, in
which serum HCV RNA is undetectable at 4 weeks
after starting therapy, has been a strong predictive
factor of a sustained virologic response reportedly
[Martinez-Bauer et al.,, 2006; Poordad et al., 2008;
Martinot-Peignoux et al., 2009; de Segadas-Soares
et al., 2009]. In addition to a rapid virologic response,
reduced serum HCV RNA levels at 4 weeks after
starting therapy has also been reported to have a
strong predictive value for the likelihood of achieving
sustained virologic response to PEG-IFN and ribavi-
rin combination therapy in patients infected with
HCV genotype 1 [Yu et al.,, 2007; Huang et al,, 2010;
Toyoda et al., 2011; Marcellin et al, 2012). These
studies suggested that a reduction in HCV RNA levels
at week 4 is closely associated with the probability of
achieving sustained virologic response.

Aside from early viral response to therapy, several
baseline host and viral factors are associated with
treatment outcome. Genetic polymorphism near the
IL28B gene (rs12979860 or rs8099917) is the stron-
gest baseline factor associated with treatment out-
come in patients with HCV genotype 1 reportedly [Ge
et al., 2009; Suppiah et al., 2009; Tanaka et al., 2009;
MecCarthy et al., 2010; Rauch et al.,, 2010]. In addi-
tion, studies from Japan have reported that amino
acid substitutions at residue 70 of the HCV core re-
gion and amino acids 2,209-2,248 of the NS5A region
of HCV (i.e., interferon sensitivity-determining region,
ISDR) are viral factors associated with treatment out-
come in patients with HCV genotype 1b [Enomoto
et al.,, 1996; Akuta et al., 2005, 2007a; Donlin et al.,
2007; Maekawa and Enomoto, 2009; Hayes et al.,
2011]. Given these various predictors for a sustained
virologic response, that is, week 4 viral response and
baseline variables, how should they be combined to
predict treatment outcome more precisely? In the
present study, the authors investigated how to incor-
porate week 4 viral response to PEG-IFN and ribavi-
rin combination therapy with baseline predictive
factors to predict a sustained virologic response.

MATERIALS AND METHODS

Patients and Analyses

In this multicenter study, 682 patients who under-
went PEG-IFN alpha-2b and ribavirin combination
therapy in a standard treatment regimen at one of
the participating institutions, (Musashino Red Cross
Hospital, Kurume University Hospital, Shin-Matsudo
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Central General Hospital, Kagawa Prefectural Cen-
tral Hospital, and Ogaki Municipal Hospital) between
December 2004 and January 2010 were initially in-
cluded into the retrospective analyses. All patients
were infected with HCV genotype 1b; patients
with HCV genotype la are usually not found in the
Japanese general population. Pretreatment HCV
RNA levels were >5.0 logio IU/ml, based on a quanti-
tative real-time PCR-based method (COBAS Ampli-
Prep/COBAS TaqMan HCV Test; Roche Molecular
Systems, Pleasanton, CA; lower limit of quantifica-
tion, 1.7 logio IU/ml: lower limit of detection,
1.0 logyo IU/mD) [Colucci et al., 2007; Pittaluga et al.,
2008], because the use of ribavirin along with PEG-
IFN is not approved by Japanese National Medical
Insurance System for patients with pretreatment
HCV RNA levels <5.0 logip IU/ml. No patients had
co-infection with hepatitis B virus or human immuno-
deficiency virus. All patients had 100% medication ad-
herence for both PEG-IFN and ribavirin during the
initial 4 weeks of therapy and 80% or more through-
out the treatment period. Among these 682 patients,
three baseline factors, genetic polymorphism near the
IL28B gene, amino acid substitution at residue 70 of
the HCV core region, and ISDR sequence had been
measured prior to treatment in 405 patients. We ex-
cluded 112 of these 405 patients with extended treat-
ment duration up to 72 weeks because the extension
of treatment duration might influence outcomes, leav-
ing 293 patients who underwent 48-week standard
regimen included in the final sample (Fig. 1).

Receiver-operating characteristic (ROC) analyses
were performed to evaluate the value of week 4
reduction in HCV RNA levels in predicting sustained
virologic response and an area under the ROC curve
(AUROC) was generated. Best cut-off levels were de-
termined based on the sensitivity and specificity. Sen-
sitivity, specificity, positive. predictive value (PPV),
negative predictive value (NPV), and accuracy were
also calculated using these cut-off levels. Analyses
were performed for all patients and subgroups accord-
ing to baseline variables. The same analyses were
performed on the reduction in HCV RNA levels at
week 12 after starting therapy.

The study protocol was in compliance with the
Helsinki Declaration and was approved by the ethics
committee of each participating institution.

Measurements of Serum HCV RNA Levels, Amino
Acid Substitution at Residue 70 in the HCV Core,
Amino Acid Sequence of ISDR, and Genetic
Polymorphism Near the IL28B Gene

After each patient gave informed consent, serum
samples were obtained during the patient’s regular
hospital visits just prior to beginning treatment, every
4 weeks during the treatment period, and during the
24-week follow-up period after treatment. Serum sam-
ples were stored at —80°C. until they were analyzed.
HCV RNA levels were measured using a quantitative
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Patients with chronic hepatitis infected with HCV genotype 1b and pretreatment HCV RNA levels 25.0 log,, [U/mL
who underwent antiviral therapy with peginterferon alpha-2b and ribavirin between December 2004 and January 2010, (N=682)

v

Three baseline predictive factors were evaluated. (N=405)

y

Study patients. (N=293)

e G@NELIC pOlymorphism near the /L28B gene was not measured. (N=153)
b Amnino acid substitution at residue 70 of HCV core region was not measured. (N=118)

e AMING acid sequence of the interferon sensitivity-determining region was not measured. (N=5}

s> Treatment duration was extended up to 72 weeks. (N=112)

Fig. 1. Schematic representation of the study patients.

real-time PCR-based method (COBAS AmpliPrep/
COBAS TagMan HCV Test). The reductions in HCV
RNA 4 and 12 weeks after starting therapy were cal-
culated based on the pretreatment HCV RNA levels.
When calculating the reduction in HCV RNA levels,
HCV RNA concentration was defined as zero when
HCV RNA was undetectable (i.e., rapid virologic re-
sponse at week 4 and complete early virologic re-
sponse at week 12).

Amino acid 70 of the HCV core region and the ami-
no acid sequence of the ISDR were analyzed by direct
nucleotide sequencing of each region as described pre-
viously [Enomoto et al., 1996; Akuta et al,, 2007b].
The following PCR primer pairs were used for direct
sequencing of the HCV core region:

5-GCCATAGTGGTCTGCGGAAC-3' (outer, sense
primer), 5-GGAGCAGTCCTTCGTGACATG-3' (outer,
antisense primer), 5-GCTAGCCGAGTAGTGTT-3 (in-
ner, sense primer), and 5-GGAGCAGTCCTTCGTGA
CATG-3' (inner, antisense primer). The following PCR
primers were used for direct sequencing of ISDR: 5'-
TTCCACTACGTGACGGGCAT-3 (outer, sense prim-
er), 5-CCCGTCCATGTGTAGGACAT-3' (outer, anti-
sense primer), 5-GGGTCACAGCTCCCTGTGAGCC-3
(inner, sense primer), and 5-GAGGGTTGTAATCCG
GGCGTGC-3' (inner, antisense primer). When evalu-
ating the ISDR, HCV was defined as wild-type
when there were zero or one amino acid substitutions
in residues 2,209-2,248 as compared with the HCV-J
strain [Kato et al., 1990], and as non-wild-type when
there was more than one substitution.

Genotyping of rs8099917 polymorphisms near the
IL28B gene was performed using the TagMan SNP
assay (Applied Biosystems, Carlsbad, CA) according
to the manufacturer’s guidelines. A pre-designed and
functionally tested probe was used for rs8099917
(C_11710096_10, Applied Biosystems). Genetic poly-
morphism of rs8099917 reportedly corresponds to

rs12979860 in more than 99% of individuals of Japa-
nese ethnicity [Tanaka et al., 2010]. The TT genotype
of rs8099917 corresponds to the CC genotype of
rs12979860, the GG genotype of rs8099917 corre-
sponds to the TT genotype of rs12979860, and the TG
heterozygous genotype of rs8099917 corresponds to
the CT of rs12979860.

RESULTS
Patients Characteristics and Baseline Variables

Table I summarizes patient characteristics. The
polymorphism of rs8099917 was TT genotype in 204
patients (69.6%). Amino acid substitution at residue
70 was arginine in 200 patients (68.3%). HCV-ISDR
was non-wild-type in 78 patients (26.6%). All these
variables (TT genotype of rs8099917, arginine at resi-
due 70, and non-wild-type ISDR) were reportedly as-
sociated with favorable response to therapy.

As a final outcome, 113 patients (38.6%) achieved
sustained virologic response. Sensitivity, specificity,
PPV, NPV, and accuracy were 97%, 48%, 54%, 97%,
and 67%, respectively, according to genotypes of
rs8099917 near the IL28B gene. They were 85%, 42%,
48%, 82%, and 59%, respectively, according to amino
acid substitutions at residue 70 in the HCV core re-
gion, and 43%, 84%, 63%, 70%, and 78%, respectively,
according to ISDR of HCV NS5A region.

Association Between Week 4 Viral Reduction and
Treatment Outcome Based on Baseline
Predictive Factors

Table II shows the predictive value of a reduction in
serum HCV RNA levels at week 4 of therapy in all
patients and based on each baseline predictive vari-
able. Week 4 viral reduction demonstrates a high pre-
dictive ability for a sustained viroclogic response with
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TABLE I. Characteristics of Study Patients

Age (years), median (range)

Sex (male/female) (%)

BMI, median (range)

Prior treatment for HCV (no/yes) (%)

Initial dose of PEG-IFN (ug), median (range)

Initial dose of ribavirin (ng), median (range)
Pretreatment HCV RNA levels (log;o IU/ml), median (range)
Platelet count (x10%/ul)

Hemoglobin (g/dl)

Neutrophil count (ul” h

Alanine aminotransferase (IU/L)

Genetic polymorphisms of rs8099917 (TT/TG or GG) (%)

Amino acid at residue 70 of HCV core (arginine/glutamine or histidine) (%)

Amino acid sequence of ISDR (non-wild-type/wild-type) (%)

60 (20-80)

150 (51.2)/143 (48.8)
22.6 (15.8-33.3)
201 (68.6)/92 (31.4)
80.0 (40.0-150.0)
600 (200-1,000)
6.1(5.0-7.4)
159 (43-373)
13.9 (8.6-18.1)
2,430 (4,670-7,480)
49 (10-485)
204 (69.6)/89 (30.4)
200 (68.3)/93 (31.7)
78 (26.6)/215 (73.4)

(N = 293).

BMI, body mass index; HCV, hepatitis C virus; PEG-IFN, peginterferon; ISDR, interferon sensitivity-determining region.

a high AURQC in all patients, in which sensitivity,
specificity, PPV, NPV, and accuracy were more than
80%. The best cut-off for the prediction was 3.1-log;o
reduction. When patients were stratified according to
baseline predictive factors, AUROC remained above
0.85, indicating retention of high predictive ability.
However, the best cut-off levels differ depending on
baseline factors, and they were lower in patients with
unfavorable baseline predictors (TG/GG genotype of
rs8099917 near the IL28B gene, glutamine/histidine
at residue 70 of the HCV core region, and wild-type of
ISDR). Especially, when patients had the TG/GG
rs8099917 genotype, the calculated best cut-off level
was markedly lower than that of patients with the TT
genotype. Sensitivity, specificity, PPV, NPV, and accu-
racy were more than 70% in all patient subgroups, ex-
cept for patients with the TG/GG genotype in whom
PPV was only 10%.

Association Between Week 12 Viral Reduction
and Treatment Qutcome Based on Baseline
Predictive Factors

Table III shows the predictive value of a reduction
in serum HCV RNA levels at week 12 of therapy in all
patients and based on each baseline predictive vari-
able. The predictive ability of week 12 viral reduction

for sustained virologic response was decreased in com-
parison to that of week 4 with a low AUROC in all
patients. The specificity, PPV, and accuracy of the
prediction at week 12 were also lower than those at
week 4. The best cut-off levels increased to 5.0-logy
reduction. When patients were stratified according to
the genetic polymorphisms of rs8099917 near the
IL28B gene and according to amino acid substitutions
at residue 70 of the HCV core region, the differences
of the best cut-off levels based on these baseline fac-
tors were less marked than those at week 4, although
the best cut-off levels remained lower in patients with
unfavorable baseline predictors. The difference of best
cut-off levels between patients with TT genotype and
with TG/GG genotype of rs8099917 also decreased,
but PPV in patients with TG/GG genotype remained
low (21%). In contrast, the difference in the best cut-
off levels increased when patients were stratified
according to amino acid sequences in ISDR. The best
cut-off level of the reduction in HCV RNA levels at
week 12 for predicting sustained virologic response
was higher in patients with HCV of wild-type ISDR,
an unfavorable baseline variable, than in patients
with HCV of favorable non-wild-type ISDR, which
was inverse to the evaluation with week 4 viral reduec-
tion in which the cut-off level was higher in patients
with HCV of non-wild-type ISDR.

TABLE II. AUROC, Best Cut-Off Level, Sensitivity, Specificity, PPV, NPV, and Accuracy of the Reduetion in Serum HCV
RNA Levels 4 Weeks After Starting PEG-IFN and Ribavirin Combination Therapy From Pretreatment Levels for Predicting
Sustained Virologic Response

N AUROC Bestcut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Overall 293  0.92746 3.1 logiq 88 87 81 92 87
IL28B-TT 204 0.88353 3.2 logio 87 78 82 84 83
IL28B-TG or GG 89 0.84302 1.1 logio 100 69 10 100 70
Core 70-R 200 0.91023 3.2 logio 86 83 82 87 85
Core 70-Q or H 93 0.94350 2.8 logyo 88 93 75 97 92
ISDR-non-wild type 78  0.93455 3.0 logio 90 90 94 84 90
ISDR-wild type 215 0.92654 2.9 logye 92 84 71 96 87

AUROC, area under the receiver-operating characteristics curve; PPV, positive predictive value; NPV, negative predictive value; HCV,
hepatitis C virus; PEG-IFN, peginterferon; R, arginine; Q, glutamine; H, histidine; ISDR, interferon sensitivity-determining region.
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TABLE IIT. AUROC, Best Cut-Off Level, Sensitivity, Specificity, PPV, NPV, and Accuracy of the Reduction in Serum HCV
RNA Levels 12 Weeks After Starting PEG-IFN and Ribavirin Combination Therapy From Pretreatment Levels for
Predicting Sustained Virologic Response

N AUROC Bestcut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Overall 293  0.86907 5.0 logio 88 73 67 91 79
IL28B-TT 204 0.79216 5.11 ogio 81 61 70 73 71
IL28B-TG or GG 89 0.92829 4.6 logio 100 87 21 100 88
Care 70-R 200 0.81791 5.0 logio 88 63 69 86 75
Core 70-Q or H 93 0.94272 4.9 logio 100 84 59 100 87
ISDR-non-wild type 78 0.87298 5.0 logio 88 79 88 79 85
ISDR-wild type 215 0.89572 5.4 logio 84 79 63 92 81

AUROC, area under the receiver-operating characteristics curve; PPV, positive predictive value; NPV, negative predictive value; HCV,
hepatitis C virus; PEG-IFN, peginterferon; R, arginine; Q, glutamine; H, histidine; ISDR, interferon sensitivity-determining region.

DISCUSSION

This study was conducted to confirm the predictive
value of week 4 viral dynamics of HCV for predicting
sustained virologic response to the combination thera-
py with PEG-IFN and ribavirin in patients infected
with HCV genotype 1 and with pretreatment HCV
RNA levels of >5.0 logio IU/ml in a large multicenter
study of Japan. The comparison of the predictability
for sustained virologic response between week 4 and
week 12 viral reductions revealed the higher predic-
tive ability of week 4 viral response. In a recent study,
Marcellin et al., [2012] suggested that a >3 logio re-
duction in HCV RNA levels at week 4 of PEG-IFN
and ribavirin combination therapy is a reliable factor
for predicting sustained virologic response in patients
with HCV genotype 1. Our current results are consis-
tent with their analysis for patients with HCV geno-
type 1b and those with pretreatment HCV RNA levels
>5.0 logio TU/ml overall. The reduction in HCV RNA
levels at week 4 appears to be a good and reliable pre-
dictor for a sustained virologic response. Although
week 12 viral response (i.e., early virologic response)
has been used as a pivotal decision criterion to extend
treatment duration or to discontinue treatment, the
predictive value is lower when the reduction in HCV
RNA levels is compared to week 4 viral response.

When patients were stratified based on baseline
predictive factors, however, the best cut-off levels for
sustained virologic response were not constant. The
cut-off levels decreased in patients with unfavorable
baseline factors, that is, TG/GG genotype of
158099917, glutamine/histidine at residue 70 of the
HCYV core region, and wild-type sequence of ISDR, in-
dicating that the reduction in HCV RNA occurs slowly
in patients with these unfavorable baseline variables.
Conversely and paradoxically, the results may indi-
cate that one can expect sustained virologic response
in patients with a smaller reduction in HCV RNA lev-
els at week 4 if they have unfavorable baseline
variables.

When predictive value was evaluated using week 12
viral reduction, the best cut-off levels remained
lower in patients with unfavorable TG/GG rs8099917
genotype and patients with HCV of unfavorable

glutamine/histidine at residue 70 of the HCV core
region. In contrast, the best cut-off level was higher in
patients with HCV of unfavorable wild-type ISDR.
Previous studies reported the association between
the genetic polymorphisms near the IL28B gene
(rs12979860 and rs8099917) and amino acid substitu-
tion at residue 70 of HCV core region [Abe et al,
2010; Kobayashi et al., 2010], whereas no associations
were reported between these two variables and ISDR
mutation. This might explain the difference in the re-
lationship of early viral response during therapy be-
tween with two baseline predictive factors, IL28B
genetic polymorphisms and amino acid substitution of
HCV core region and with ISDR mutation.

The calculated PPV was markedly low in patients
with the unfavorable TG/GG genotype of rs8099917
(CT/TT genotype of rs12979860) both by the evalua-
tions at weeks 4 and 12 viral responses. Therefore, it
appears to be difficult to identify patients in this sub-
group who are likely to achieve a sustained virologic
response by their week 4 viral response, although
week 4 viral response can be a factor used to identify
patients with a high likelihood of achieving sustained
virologic response in other subgroups.

In conclusion, week 4 viral response can be a pre-
dictor of sustained virologic response in patients with
HCV genotype 1. However, the cut-off levels should be
modified based on baseline host and viral predictive
variables. In addition, week 4 viral response is not
predictive in patients with unfavorable genotype of
genetic polymorphism near the IL28B gene.
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A study was carried out to determine whether
early viral dynamics retain prediction of the
outcome of peginterferon (PEG-IFN) and ribavi-
rin combination therapy based on different
genetic polymorphisms near the /L28B gene,
the strongest baseline predictor of response to
this therapy. A total of 272 patients infected
with hepatitis C virus (HCV) genotype 1b were
grouped according to genetic polymorphisms
near the /L28B gene (rs8099917). The ability of
reduced HCV RNA levels at 4 and 12 weeks
after starting therapy to predict a sustained
virologic response was evaluated based on
these genotypes. Among patients with the TT
genotype for rs8099917 (associated with a
favorable response), the rates of sustained
virologic response were higher in patients with
a >3 logqo reduction in serum HCV RNA levels
at 4 weeks after starting therapy (P < 0.0001).
In contrast, among patients with the TG/GG
genotype (associated with an unfavorable re-
sponse), there were no differences in this rate
based on the reduction in HCV RNA levels at
4 weeks. Early viral dynamics at 4 weeks after
starting therapy retains its predictive value for
sustained virologic response in patients with
the TT genotype for rs8099917, but not in
patients with the TG/GG genotype. Patients
who are likely to achieve sustained virologic re-
sponse despite unfavorable TG/GG genotype
cannot be identified based on early viral dy-
namics during therapy. In contrast, lack of early
virologic response at 12 weeks retains a strong
predictive value for the failure of sustained
virologic response regardless of /L28B polymor-
phisms, which remains useful as a factor to
stop therapy. J. Med. Virol. 84:61-70,
2012. © 2011 Wiley Periodicals, Inc.
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INTRODUCTION

The current standard antiviral therapy for patients
with chronic hepatitis C is combination therapy with
peginterferon (PEG-IFN) and ribavirin [Ghany et al.,
2009]. Although this treatment regimen has increased
markedly the number of patients with a sustained
virologic response, i.e., the eradication of hepatitis C
virus (HCV), only 50% of patients infected with HCV
genotype 1 achieved a sustained virologic response
approximately.

Many investigators have examined factors that pre-
dict the treatment outcome of PEG-IFN and ribavirin
combination therapy in patients infected with HCV
genotype 1. In addition to the baseline factors, the
response of HCV during combination therapy, ie.,
the changes in serum HCV RNA levels after starting
therapy, has been shown to be an important predictor
of the treatment outcome [Zeuzem et al., 2001; Buti
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