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Abstract: Tenofovir disoproxil fumarate (TDF) is widely used to treat hepatitis B virus (HBV)
patients in the USA and Europe. No confirmed report of resistance selection during treatment
with TDF in treatment-naive and nucleoside/mucleotide analog-treated chronic hepatitis B patients
has yet been reported. Here, we report for the first time a patient with chronic hepatitis B and
cirrhosis who emerged with virologic breakthrough during combination therapy with TDF and
entecavir (ETV), against ET V-resistant virus. A 51-year-old Japanese woman with hepatitis B
e-antigen (HBeAg), whose genotype was C, received ETV monotherapy continuously followed
by TDF and ETV combination therapy, because her HBV DNA levels had been >3.5 log copies/
mL. At the start of combination therapy, amino acid substitutions of the reverse transcriptase (rt)
gene, rtL180M, rtT1841/M, and rtM204V, were detected. After this, serum HBV DNA decreased
to less than 2.1 log copies/mL and remained at this level until 31 months of combination therapy,
when it again began to increase. Amino acid substitutions of rtL180M, rtS202G, and rtM204V
emerged and were associated with an increase in serum HBV DNA at virologic breakthrough.
Long-term therapy with TDF against the ET V-resistant virus has the potential to induce virologic
breakthrough and resistance, and careful follow-up should be carried out.
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Introduction
Hepatitis B virus (HBV) infection is a common disease that can induce a chronic
carrier state and is associated with the risk of progressive disease and hepatocellular
carcinoma.' Interferon (IFN) and several nucleoside/nucleotide analogs (NAs), such
as lamivudine (LAM), adefovir dipivoxil (ADV), entecavir (ETV), and tenofovir
disoproxil fumarate (TDF), are currently approved for the treatment of chronic
hepatitis B (CHB) in most countries.” Because NA analogs inhibit reverse transcription
of the HBV polymerase but do not directly interfere with the formation of covalently
closed circular DNA (cccDNA), they require long-term administration, which is usu-
ally accompanied by the emergence and selection of drug-resistant mutations in the
viral polymerase.®

TDF is widely used to treat HBV patients in the USA and Europe. This agent is
equally effective against multiple HBV genotypes (A—H) as well as against LAM-
resistant isolates.” No confirmed report of resistance selection during treatment with
TDF in treatment-naive CHB patients has yet been reported.®'° In a recent study,
long-term TDF monotherapy provided durable antiviral efficacy for 240 or up to
288 weeks (6 years) of treatment, and comprehensive genotypic and phenotypic analy-
ses detected no evidence of TDF resistance.''* Additionally, longer treatment duration
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did not increase the incidence of virologic breakthrough.'
Moreover, TDF monotherapy has demonstrated the long-term
(median 23 months) efficacy of this agent in NA-experienced
patients with treatment failure, and virologic breakthrough
was not observed in any patient during the entire observa-
tion period.’

Here, we report for the first time a patient with CHB
and cirrhosis who emerged with virologic breakthrough
during TDF and ETV combination therapy against ETV-
resistant virus.

Case report

A 51-year-old Japanese woman with CHB underwent a
checkup in February 1999 and was found to be seropositive for
hepatitis B surface antigen (HBsAg), with mild alanine amin-
otransferase (ALT) elevation. Hepatitis B e-antigen (HBeAg)
was positive, and serum HBV DNA was >7.6 log copies/mL
(Amplicor HBV Monitor assay; F Hoffman-La Roche Ltd,
Basel, Switzerland). The HBV genotype was C, and human
immunodeficiency virus (HIV) status was negative. She
was diagnosed with cirrhosis by peritoneoscopy and liver
biopsy (moderate hepatitis [A2] and severe fibrosis [F4])
in February 2000. She received LAM (100 mg/day) mono-
therapy from September 2006. The nadir of HBV DNA
was 2.5 log copies/mL in January 2007. HBV DNA levels
gradually increased, and LAM-resistant virus emerged
(reverse transcriptase [rt] M204I). Treatment was switched

from LAM to ETV (0.5 mg/day) in October 2007 (HBV
DNA 3.9 log copies/mL) following the emergence of ETV-
resistant virus (rtL180M, rtS202G, and rtM204V) and
higher elevation in HBV DNA. However, she discontinued
therapy of her own volition from February 2009 to May
2010. She returned to our hospital in May 2010 because of
general fatigue and ascites, at which time serum HBV DNA
was >7.6 log copies/mL, ALT was 687 [U/L, and bilirubin was
3.8 mg/dL. Treatment with ETV (0.5 mg/day) was restarted
immediately, and ALT and serum HBV DNA levels gradually
decreased. However, because HBV DNA levels remained
at >3.5 log copies/mL until September 2010, she was started
on TDF (300 mg/day) and ETV combination therapy (HBV
DNA 3.9 log copies/mL). Serum HBV DNA then decreased
to less than 2.1 log copies/mL (COBAS® TagMan® HBV Test,
v2.0; F Hoffman-La Roche Ltd) at November 2011 (month 14
of TDF and ETV treatment) and remained at this level until
April 2013 (month 31 of TDF and ETV treatment), when
it again began to increase (HBV DNA 3.9 log copies/mL).
Moreover, ALT was elevated in September 2013 (Figure 1).
Compliance with TDF and ETV was good throughout the
course of treatment.

During treatment, nucleotide sequences of the polymerase
gene were determined by polymerase chain reaction (PCR)
direct sequencing, as previously described.' The viral poly-
merase reverse transcriptase (rt) gene at the baseline of LAM
treatment (September 2006) showed the wild type sequence
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Figure 1 Clinical course of lamivudire or entecavir and tenofovir disoproxil fumarate therapy.
Abbreviations: ALT, alanine aminotransferase; ETV, entecavir; HBV, hepatitis B virus; LAM, lamivudine; TDF, tenofovir disoproxil fumarate.
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(with no LAM, ADV, ETV, or TDF resistance substitutions). In
October 2007 (after switching from LAM to ETV), an amino
acid substitution of the rt gene, rtM2041 (LLAM resistance
substitution), was detected. Moreover, amino acid substitu-
tions of rtL180M, rtS202G, and rtM204V (ETV resistance
substitutions) emerged during ETV treatment in February
2009. The rt gene analysis at the baseline of ETV retreat-
ment (May 2010) returned the wild type sequence (with no
LAM or ETV resistance substitutions). In June 2010 (week 3
of ETV retreatment), amino acid substitutions of rtL180M,
rtT1841, and rtM204V (ETV resistance substitutions) were
simultaneously detected. Moreover, amino acid substitu-
tions of rtL180M, rtT184M, and rtM204V coexisted with
the above mutants at the end of June 2010 (week 6 of ETV
retreatment). In October 2010 (week 4 of TDF and ETV
treatment), these amino acid substitutions were replaced
by wild type virus (no ETV resistance substitutions). Since
April 2013 (month 31 of TDF and ETV treatment), amino
acid substitutions of rtL180M, rtS202G, and rtM204V
have emerged and have been found to be associated with an
increase in serum HBV DNA (Figure 2). In comparison with
those at the start of TDF therapy, the amino acid substitu-
tions changed from rtL180M, rtT184M, and rtM204V to
rtL180M, rtS202G, and rtM204V, and no other amino acid
substitutions apart from these in the rt region were observed.
Further, there were no substitutions that could be associated

Amino acic (r1)
ABG3355)  EDUGPCITHG EMNIRIPRTP ARVISGVEL TTES R

with reduced TDF susceptibility (rtA181V/T, rtN236T, or
rtA194T) in April 2013.

Discussion
Genotypic resistance to TDF has been detected in several
patients with HIV-HBV coinfection. The substitution
TtA194T (plus rtL180M + rtM204V) has been associated
with TDF resistance,’ albeit that a second report failed to
confirm this.' It has been shown that rtA181V + rtN236T
double mutants are resistant to TDF in vitro, but clinical
data suggest that patients with rtA181 or rtN236T remain
susceptible to TDE.'” The substitution rtP177G and rtF249A
reduced susceptibility to TDF in an in vitro study, but no
clinical findings have yet been reported.’® Moreover, rescue
therapy with ETV and TDF in CHB patients harboring viral
resistance patterns (for LAM, ADV, or ETV) or showing
only partial antiviral responses to preceding therapies was
efficient in patients both with and without advanced liver
disease.' To date, there have been no confirmed reports of
resistance selection during treatment with TDF for CHB.*"
Moreover, virologic breakthrough occurs infrequently and
has been associated with nonadherence to medication in the
majority of cases.! k

To our knowledge, this is the first report of a patient with
virologic breakthrough during TDF therapy. In our case,
compliance with TDF and ETV was good throughout the

108

Sep 2003 -

TTSHPR FAVPNLQSLT MNIXSSHLSWL SLOVSAAFTH IPLHDANMEH
———————

oct 2007

Feb 2003

May 2010

Jun 2010-1

Sun 2019-2

Cot 2018

——mgmm———

Apx 2033

ABC33550 LIVGSSCLPR YVARLSSTSR MMNYQHGTMD DLHED: RAL

200

TITTRT PORRLH

Sep 2005 -1

PIILGPRKIP MGUGLSPFIL AQFISAICSV VTRRAFPHCLA

ot 2007

Feb 2003

May 208

Jun 201¢-I

Jun 201¢-2

Oct 2018

Apz 2013

201
AB032830

Sep 200¢

FSODOVVLG ARSVRFLESL FISITNFLLS LGIHINPNRT KARWGL

300

NTI GIVIGSWGTL PREHIVAKIR

Cct 2007

R S —

Feb 2008 G

May 2016

Jun 201¢-31

Jun 2016=2 mm=Vm==mmm mmeemeoooo

Oct 20L{

Apz 2013 -G

301
AB03355¢ ICGIRPATMP LTA A FPIPSPTYRAT LORQTLMIIP
Sep 2308 —————m——
oet 2007
Fab 200€
May 2010
Jun 2010~
Jun 20342
QeT 201¢
Apr 2013

VARQ

PRS- ——

T~ : B

B e e

Figure 2 Evolution of the virzl polymerase reverse transcriptase protein sequence (amino acids 1--344) during lamivudine, entecavir, and tenofovir disoproxil fumarate

therapy.

Notes: The AB033550 strain was reported by Okamoto et al.?® In June 2010, two kinds of strain were identified, June 2010-1 and -2.

Abbreviation: rt, reverse transcriptase.
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course of treatment. Virologic breakthrough in compliant
patients is generally related to viral resistance.® Amino acid
substitutions of rtL180M, rtS202G, and rtM204V have
emerged in cases in which serum HBV DNA increased dur-
ing TDF and ETV therapy. Moreover, these amino acid sub-
stitutions changed from rtL180M, rtT184M, and rtM204V
to rtL180M, rtS202G, and rtM204V. This clinical course
suggests that these amino acid substitutions are resistant
to TDF and ETV therapy, although in vitro confirmation
is necessary. Kim et al reported that among 18 patients
who failed multiple NA treatments, including LAM, ADV,
and ETV, 17 patients achieved virologic response and one
patient showed a viral reduction of 3.9 log IU/mL, nearly
reaching virologic response within 24 months.*® These
findings indicate that genotypic resistance to ETV does not
affect the probability of an initial virologic response to TDF
therapy.” Petersen et al reported that four patients harboring
ETV-resistant virus achieved a virologic response within
9 months."” Recently, Seto et al reported 142 Asian CHB
patients with at least 6 months exposure to other NAs (includ-
ing ETV) who received TDF with or without LAM. With a
median 2.25 years of follow-up, 45 patients had detectable
viremia in at least one time point.?! For these 45 patients,
which included ten with virologic breakthrough, both line
probe assay and direct sequencing revealed no new amino
acid substitutions, including substitutions that could be asso-
ciated with reduced TDF susceptibility (rtA181V/T, rtN236T,
or rtA194T). Moreover, Karatayli et al reported that HBV
DNA, in seven of eight patients with ETV resistance muta-
tions (T184F/A/L/L, S202G, and M250V), became unde-
tectable with TDF and LAM after 6 months of treatment.*
In vitro drug susceptibility showed that TDF displayed
one- to twofold resistance to ETV-resistant viral strains
(N123D + H124Y + L180M + S202G + M204V + Y257H,
1163V +L164M +L180M + S202G +M204V + C256S, and
H124Y +L180M + S202G +M204V + Y257H). However, in
other cases, the treatment period was relatively shorter. In our
case, virologic breakthrough occurred at month 31 of TDF
and ETV therapy, and the ETV-resistant strain (L180M +
S5202G +M204V) of our case was not identical with that in
the in vitro drug susceptibility study above. Clarification of
virologic breakthrough andresistance of TDF against patients
with NA-resistant virus, especially ETV, will likely require
further studies with a longer time frame.

In conclusion, this study shows that long-term treatment
of ET V-resistant virus with TDF has the potential to induce
virologic breakthrough and resistance, and careful follow-up
should be done.
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Abstract

Background: The significance of anti-inflammatory therapy
has not been fully evaluated in hepatitis C virus (HCV)-relat-
ed cirrhosis. Patients and Methods: We analyzed stepwise
progression rates from cirrhosis to hepatocellular carcinoma
(HCC) and to death using a Markov model in 1,280 patients
with HCV-related cirrhosis. During the observation period,
303 patients received interferon and 736 received glycyrrhi-
zin injections as anti-inflammatory therapy. Resuits: In the
entire group, annual progression rates from cirrhosis to HCC
and from cirrhosis to death were 6.8 and 1.9%, and the rate
from HCC to death was 19.0%. When sustained virological
response {SVR)} or biochemical response (BR) was attained
with interferon, the annual rate to HCC decreased to 2.6%.
On the contrary, the progression rates to HCC and to death
in the patients without SVR and BR were 7.2 and 2.0%, re-
spectively {p < 0.0001). Continuous interferon administra-
tion significantly decreased the carcinogenesis rate to 5.5%
(p = 0.0087). In the analysis of the remaining patients with

high alanine transaminase of 75 U/l or more but without in-
terferon response or without interferon administration, glyc-
yrrhizin injection significantly decreased annual non-pro-
gression probability (no glycyrrhizin 88.0% vs. glycyrrhizin
therapy 92.3%, p = 0.00055). Conclusion: Glycyrrhizin injec-
tion therapy is useful in the prevention of disease progres-
sion in interferon-resistant or intolerant patients with HCV-

related cirrhosis. ©320145. Karger AG, Basel

Introduction

Hepeatitis C virus (HCV) is one of the principal etiolo-
gies of hepatocellular carcinoma (HCC), with high mor-
bidity and mortality rates in many countries [1-5]. Be-
cause interferon has anti-viral, anti-fibrotic and anti-
inflammatory properties, it is still a main agent in the
treatment of chronic hepatitis C [6, 7]. Many authors
have described interferon as capable of preventing hepa-
tocarcinogenesis and prolonging patient survival [8-13].
The radical eradication of HCV by interferon greatly de-
pends on viral load, HCV subtype, certain mutations of
the hepatitis virus gene, liver histology, mode of inter-
feron administration and various host factors, including
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the patient’s age [10, 13, 14]. When a significant side ef-
fect occurs during interferon therapy, cessation or early
withdrawal of the therapy often leads to an unsuccessful
result. Early withdrawal and treatment failure is usually
more common in patients with an advanced stage of liver
disease.

Adverse effects of interferon are more commonly
found in patients with cirrhosis, and hematological dis-
orders often necessitate cessation of interferon before the
therapy is complete. As a result, interferon is considered
less effective in the advanced stage of hepatitis. Liver cir-
rhosis is usually associated with patients aged 55-60 years
or older; the adverse effects of interferon-based anti-viral
therapy are prevalent in this age group, resulting in low
overall compliance for long-term therapy. Because the se-
verity of chronic liver disease is closely associated with the
response to interferon therapy [14-16], the sustained re-
sponse rate is often low in patients with cirrhosis. Fur-
thermore, an older patient with cirrhosis has a very high
risk of carcinogenesis and mortality because fibrotic stage
is correlated with a patient’s age. The role of interferon in
suppression of the carcinogenesis rate is therefore likely
to be less significant in patients with cirrhosis en masse.
There have been several clinical attempts to administer
interferon for HCV-related cirrhosis to suppress the he-
patocellular carcinogenesis rate [8, 9, 11, 12, 17-19].
However, there have been conflicting reports about the
therapeutic value of interferon for this purpose. Some
studies have shown a beneficial effect of interferon in re-
ducing carcinogenesis {8, 9, 12, 18], but other reports
have not [11, 17, 19].

When interferon fails to eliminate HCV RNA in a pa-
tient, long-term administration of interferon often shows
anti-carcinogenic action through stabilization of alanine
transaminase (ALT) and suppression of the necro-in-
flammation of hepatocytes [20]. For patients who do not
respond to long-term interferon therapy, as shown by
persistently high ALT values, glycyrrhizin injection ther-
apy isavailable in several countries, including some coun-
tries in Asia and Europe. A glycyrrhizin-containing prod-
uct, Stronger Neo-Minophagen C™ (SNMC; Minopha-
gen Pharmaceutical Co. Ltd., Tokyo, Japan), is widely
used in Japan for suppression of hepatitis activity and for
prevention of disease progression in patients with hepa-
titis B virus- and HCV-induced chronic hepatitis. Glycyr-
rhizin has been reported to mitigate hepatic inflamma-
tion by suppressing elevated ALT levels and preventing
disease progression [21-24]. We previously reported the
favorable effects of long-term administration of glycyr-
rhizin against hepatocellular carcinogenesis in patients

296 Oncology 2014;86:295-302
DOI: 10.1158/000357713

with interferon-naive and interferon-resistant chronic
hepatitis C [25, 26].

In order to elucidate whether long-term glycyrrhizin
injection therapy suppresses hepatocarcinogenesis and
mortality rates in patients with interferon-resistant cir-
rheosis, we retrospectively analyzed a large cohort of pa-
tients with HCV-related cirrhosis in a single institution.
The principal aims of our study were to show the clinical
role of glycyrrhizin in advanced liver disease, and to de-
termine whether glycyrrhizin can be used as an anti-in-
flammatory therapy.

Patients and Methods

Study Population and Analyzed Cohorts

A total of 1,358 consecutive patients with hepatitis C were di-
agnosed as having liver cirrhosis at the Department of Hepatology,
Toranomon ITospital, Tokyo, Japan, from 1974 to 2007. They had
positive anti-HCV antibody, detectable HCV RNA (nested PCR),
and negative hepatitis B surface antigen. Anti-1ICV and IICV
RNA were assayed using stored frozen sera. Among the 1,358 con-
secutive patients with hepatitis C, 78 patients were excluded from
the study based on meeting one or more of the {ollowing exclusion
criteria: (1) possible association with HCC; (2) association with
hemochromatosis, autoimmune liver disease, primary biliary cir-
rthosis, al-antitrypsin deficiency or Wilson disease; (3) daily alco-
hol ingestion of 75 g or more; (4) a-fetoprotein of 400 ng/ml or
higher; (5) a short follow-up period of 6 months or less, or (6)
Child-Pugh stage C liver discase because of the substantial differ-
ence in carcinogenesis in these patients [27-29].

The remaining 1,280 patients with HCV-positive liver cirthosis
were retrospectively analyzed for hepatocellular carcinogenesis
and mortality. Among them, 754 patients (59.4%) were diagnosed
as having cirrhosis by histopathological findings with peritoneos-
copy and biopsy, and the remaining 526 (40.6%) were diagnosed
with clinical findings: rough-surfaced liver on imaging (ultraso-
nography or computerized tomography, CT), plus endoscopic
finding of esophageal varices, overt ascites or indocyanine green
retention rate at 15 min of 30% or more. There were 744 men and
536 women, with a median age of 59 years (range 22-86). They
were observed for a median of 8.1 years (table 1). A total of 231
patients (18.0%) were lost to follow-up during the observation pe-
riod.

Interferon Treatment and Evaluation of Effects ,

Among the 1,280 patients with cirrhosis, 303 patients (23.7%)
received interferon therapy with or without ribavirin. Among the
303 patientsreceiving interferon therapy, 252 received interferon-a
and 51 received interferon-f therapy. For dosages, 258 patients
received at least 6 million IU/day, and the other 45 patients re-
ccived no more than 3 million IU/day as their initial anti-viral ther-
apy. Of 303 patients receiving interferon, 52 patients received in-
terferon daily for the first 2-8 weeks and then 2-3 times per week
for the following 24~72 weceks. The other 251 patients received
interferon 3 times per week for 24-72 weeks. The median admin-
istration period was 26.0 weeks (range 4-548).
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Table 1. Clinical featurcs of the study group: 1,280 patients with
liver cirrhosis caused by hepatitis C

Demography
Male 744 (58.1)
Female 536 (41.9)
Age, years 59 (22-86)
Decompensated cirrhosis 134 (10.5)
History of blood transfusion 549 (42.9)
Total alcobol intake >500 kg 200 (15.6)
Presence of diabetes mellitus 249 (19.5)
Obscrvation period, years 8.1 (0.5-30.6)
Laboratory dala
ICGR15, % 27 (2-96)
Bilirubin, mg/di 1.0 (0.2-7.7)
Albumin, g/dl 3.7 (1.6-5.1)
Aspartate transaminase, TU/1 66 (14-1313)
ALT, IU/1 62 (4-570)
Platelet count, x103/mm? 104 (20-398)
Prothrombin time, % 82 (11-117)
Hepatitis C subtype
1 821 (75.7)
2 254 (23.4)
Other 9(0.8)
Treatment after diagnosis of cirrhosis
Interferon with/without ribavirin 303
Glycyrrhizin injection 736
Ursodeoxycholic acid 615

Data are presented as the median value with range in parenthe-
scs, or 1 with percentages in parentheses. ICG R15 = Indocyanine
green retention rate at 15 min.

Almost all patients who received interferon therapy showed
varying degrees of influenza-like symptoms, leukocytopenia and
thrombocytopenia. Eight patients discontinued interferon thera-
py because of significant adverse reactions: depression in 2 pa-
tients, severe cytopenias in 2, marked anorexia in 1, malaise in 2
and retinopathy in 1 patient. No patients developed decompen-
sated liver discase with ascites, encephalopathy, jaundice or vari-
ceal bleeding,.

The effects of interferon therapy were classified according to
the elimination of HCV RNA and the levels of ALT for 6 months
after the end of the treatment. Sustained virological response
(SVR) was defined as persistent disappearance of HCV RNA after
therapy. Biochemical response (BR) was defined as normal ALT
values without elimination of HHCV RNA for atleast 6 months after
therapy. No response (NR) was defined as persistently abnormal
or only transient normalization of ALT for a period of less than 6
months. Because 73 patients (24.1%) were still undergoing their
course of interferon therapy, the evaluation was conducted in 230
(75.9%) of the 303 patients.

Glycyrrhizin Injection (SNMC) Therapy

Glycyrrhizin therapy was performed using intravenous injec-
tions of SNMC™ (Minophagen Pharmaceutical Co. Ltd.). The
preparation contains 0.2% (40 mg) glycyrrhizinic acid as the main

Glycyrrhizin Therapy for HCV-Related
Cirrhosis

active constituent, 2% (400 mg) glycine and 0.1% (20 mg) T-cyste-
ine in a 20-ml ampule.

Of 376 chronic hepatitis patients with interferon resistance or
who did not receive interferon injection therapy, 264 patients un-
derwent glycyrrhizin injection therapy and the remaining 112 pa-
tients did not receive therapy until the end of observation. The
purpose of glycyrrhizin injection therapy was to suppress elevated
ALT levels and to prevent disease progression in all the patients.
In patients for whom the treatment was regarded as effective with
respect to ALT levels, the treatment was usually continued for as
long a period as possible. As a result, a daily dose of 100 ml of
SNMC was administered three times a week for a median period
of 4.9 years (range 0.1~24.1) in the glycyrrhizin-treated group.

Certain patients with a high ALT value did not receive glycyr-
rhizin injection for a variety of reasons. These included the refusal
of intravenous treatment, a difficulty in frequently visiting the clin-
ic for the injection, inappropriate superficial veins for repeated in-
jection, negativism towards the handling of intravenous therapy
by the doctors in charge, and so on. Those patients who did not
receive glycyrrhizin injection therapy in spite of a high ALT often
received pills of ursodcoxycholic acid as an anti-inflammatory
therapy.

Follow-Up of Patients and Diagnosis of HCC

Follow-up of the patients was made on a monthly to tri-month-
ly basis after the initial visit. Imaging diagnosis was made one or
more times per year with ultrasonography, CT or magnetic reso-
nance imaging, HCC was diagnosed by its typical hypervascular
characteristics on CT, magnetic resonance imaging or angiogra-
phy. When combined use of imaging modes could not demon-
strate a typical image of HCC, a fine-needle biopsy was obtained
for microscopic examination. The imaging diagnosis was similar-
ly performed among those patients with interferon therapy, glyc-
yrrhizin therapy and without therapy.

Statistical Analysis and Markov Model

Standard statistical measures and procedures were used. The i
test, Fisher exact test and Mann-Whitney U test were used to ana-
lyze the differences in demography and laboratory findings. Pro-
gression and survival rates were analyzed using the Kaplan-Meier
technique [30] with the log-rank test. A Markov model [31] was
used to analyze the transition rates from liver cirrhosis to appear-
ance of HCC, and to death. A homogenous Markov chain con-
sisted of three states (fig. 1). These were liver cirrhosis, appearance
of IICC and death as an absorbing state from where no transitions
to the other states occurred. The model was based on the following
principles: (1) the three states are mutually exclusive and collec-
tively exhaustive; (2) the Markov assumption is that the current
state has no memories of prior states; (3) the time intervals are
uniform, and (4) the transition probabilities are constant and time
independent. The first and second items here define a Markov
chain, whereas the third and fourth items characterize a homoge-
nous Markov chain [32]. Patient data were regarded as censored at
the time of the last date of observation, in the cvaluation of sur-
vival analysis and Markov analysis.

A p value <0.05 in the two-tailed test was considered signifi-
cant. Data analysis was performed using IBM SPSS Statistics ver-
sion 18 [33]. The Human Ethics Review Committee of Toranomon
Hospital approved the study protocol.
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Fig. 1. Markov state transition diagram of liver cirthosis. Three
states were defined: liver cirrhosis without development of IICC,
liver cirrhosis-associated HCC, and death. Of these, death was the
absorbing state from which no transitions to the other states oc-
curred. The transition in one cycle (1 year) is shown. Arrows con-
necting two different states indicate observed transitions, The fig-
ure represents a probability diagram of the entire study group. All
patients were initially at the stage of liver cirrhosis, but transitions
to HCC stages gradually increased with time.

Results

Effects of Interferon and Anti-Inflammatory

Treatment

Among the 303 patients who underwent interferon
therapy with or without ribavirin, 79 patients (26.1%)
showed HCV RNA clearance (SVR effect), and 25 pa-
tients (8.3%) showed a BR with normal ALT values for 6
months or longer. One hundred and twenty-six patients
(41.6%) showed NR after cessation of interferon. The re-
maining 73 patients (24.1%) continued intermittent in-
terferon administration for 1 year or longer.

Among the 977 patients who did not receive interferon
therapy, plus the 126 patients who received interferon
with NR, a high ALT value of 75 TU/] or more was found
in 376. Of these patients, 264 (70.2%) underwent long-
term glycyrrhizin injection therapy and the other 112
(29.8%) did not receive glycyrrhizin (fig. 2).

Crude Hepatocellular Carcinogenesis and Survival

Rates in the Entire Study Group

Cumulative hepatocellular carcinogenesis rates were
calculated in all 1,280 study patients with HCV-related
cirrhosis. The carcinogenesis rates were 16.4, 29.2, 37.3,
51.6, 65.0 and 69.5% at the end of the third, fifth, seventh,
tenth, fifteenth and twentieth years, respectively (fig. 3a).
The cumulative survival rates were 93.0, 86.3, 77.1, 61.9,
39.3 and 25.4% at the same time points (fig. 3b).
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Fig. 2. Clinical courses of patients with cirrhosis. Among 303 pa-
ticnts who received interferon therapy, there were 104 patients
who had SVR or BR, and 126 patients who had NR. The remaining
73 patients continued to receive long-term interferon therapy.
Among 376 patients with a high ALT value of 75 IU/l or more, with
ot without a history of interferon therapy, 264 patients underwent
glycyrrhizin injection therapy and 112 did not receive glycyrrhizin,

Probabilities for Transition among the Three Disease
States according to the Results of Interferon and
Anti-Inflammatory Treatment

In the matrix oftheentire study group, 6.8% (562/8,273)
of the patients with liver cirrhosis progressed to HCC an-
nually, and 1.9% (157/8,273) died. The remaining 91.3%
(7,554/8,273) of the patients remained in the stage of liv-
er cirrhosis after 1 year. Similarly, 19.0% (423/2,228) of
the patients in the stage of HCC died, and 81.0%
(1,805/2,228) of the patients remained in the stage of
HCC annually (table 2).

The results are shown in table 3 as a matrix of transi-
tion probabilities for three subsets composed of treat-
ments (SVR or BR, NR or no interferon, and continual
interferon) stratified by three states (cirrhosis, HCC, and
death). The probabilities for transition from liver cirrho-
sis to HCC and from liver cirrhosis to death were signifi-
cantly lower in patients who achieved SVR or BR [2.6%
(20/778) and 0.6% (5/778)] than in patients with NR or
no interferon therapy [7.2% (542/7,494) and 2.0%
(151/7,494); x* = 32.4, p < 0.0001]. The probabilities for
transition from liver cirrhosis to HCC and from liver cir-
rhosis to death were significantly lower in patients who
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Fig. 3. HCV -positive chronic hepatitis patients with cirrhosis were retrospectively analyzed for hepatocellular
carcinogenesis and mortality. a Cumulative hepatocellular carcinogenesis rate in the entire group of patients with
cirrhosis. b Crude survival rate in the entire group of patients with cirrhosis.

Table 2. One-year state-transition probability matrix of the entire
study group (n = 10,501 person years)

Cirrhosis HCC Death
Liver cirrhosis
(n = 8,273) 7,554 (81.3) 562 (6.8) 157 (1.9)
HCC
(n=12,228) 1,805 (81.0) 423 (19.0)

Figures in parentheses are percentages.

received continuous interferon therapy [5.5% (39/714)
and 0.7% (5/714)] than in patients with NR or no inter-
feron therapy [7.2% (542/7,494) and 2.0% (151/7,494);
2 =7.59, p = 0.0059].

Probabilities for Transition among the Remaining

Patients with High ALT

Among 376 patients without SVR/BR effect and con-
tinuous interferon injection and with a high ALT value of
75 IU/1 or more, 264 patients (70.2%) received glycyrrhi-
zin injection as anti-inflammatory therapy. Among 692
patients without SVR/BR effect and continuous interfer-
on injection and with relatively low ALT of less than 75
U/, glycyrrhizin injection was performed only in 253 pa-
tients (36.6%).

Glycyrrhizin Therapy for HCV-Related
Cirrhosis

We evaluated the transition probabilities among the
three states in the remaining patients with high ALT lev-
els of 75 TU/1 or more. In the matrix of patients without
glycyrrhizin injection therapy, the transition probability
from liver cirrhosis to HCC was 6.8% (85/1,245), and the
probability of transitioning from cirrhosis to death was
2.0% (25/1,245). In the patients who received glycyrrhi-
zin injection therapy, the transition probability from liv-
er cirrhosis to HCC was 5.9% (45/764), and the proba-
bility of transitioning from cirrhosis to death was 0.8%
(6/764). Glycyrrhizin injection therapy slightly im-
proved the transition probability both from liver cirrho-
sis to HCC and from liver cirrhosis to death, but statisti-
cal significance was not observed (x* = 5.5, p = 0.06; ta-
ble 4).

Disease Control Rates (Annual Non-Progression

Probability) of Anti-Viral and Anti-Inflammatory

Treatment

The disease control rates depended on the probabili-
ties for transition between progression and non-progres-
sion of disease at a specific time interval, which was set at
1 year. The yearly transition probabilities were calculated
based on the data 0f 10,501 person years of the 1,280 study
patients with HCV-positive liver cirrhosis.

The disease control rate of the patients with SVR or BR
(874/910, 96.0%) was significantly higher than that of the
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Table 3. Onc-year state-transition probability matrices according
to initial treatment

Cirrhosis HCC Death
Batients with SVR or BR (n = 910 person years)
Liver cirrhosis (n = 778) 753(96.8) 20(2.8) 5(6.6)
HCC(n=132) 121 (31.7)  11(8.3)
Patients with no response or no interferon therapy
- (n = 9,590 person years)
Liver cirrhosis (n = 7,494) 6,801 (80.8) 542(7.2) 151 (2.0)

HCC (n = 2,096) 1,684 (80.3) 412(19.7)

Patients with continuous interferon therapy (n = 856 person years)
Liver cirrhosis (n = 714) 670 (93.8) 39(55) 5(0.7)
s HCC (n = 142) 132(93.0) 10(7.0)

Figures in parentheses are percentages.

Table 4. One-year state-transition probability matrices according
to glycyrrhizin injection therapy for patients with high ALT values

Cirrhosis HCC Death

Patients without glycyrrhizin therapy (n = 1,637 person years)
Liver cirrhosis (n = 1,245) 1,135 (91.2) 85(6.8)  25(2.0)
HCC {n = 392) 305(77.8) 87 (22.2)
Patients with glycyrrhizin therapy (n = 913 person years)

Liver cirrhosis (n = 764) 713 (93.3) 45(5.9)
HCC (n = 149) 130 (87.2)

6 (0.8)
19 (12.8)

Pigures in parentheses are percentages.

Table 5. One-year non-progression probability matrix of anti-viral
and anti-inflammatory treatment

Non- Progression
progression
Fntire study group (n = 10,501) 9,359 (89.1) 1,142 (10.9)
Patients with SVR or BR (n =910) 874 (96.0) 36 (4.0)
Patients with NR or no interferon
therapy (n = 9,550) 8,485 (88.5) 1,105(11.5)
Patients without glycyrrhizin
therapy (n = 1,637) 1,440 (88.0) 197 (12.0)
Patients with glycyrrhizin therapy
(n=913) 843 (92.3) 70(7.7)

Figurcs in parentheses are percentages.

300 Oncolegy 2014;86:295-302
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patients with NR or the patients without interferon ther-
apy (8485/9590, 88.5%; x> = 49.1, p < 0.0001).

We also evaluated disease control rates according to
glycyrrhizin injection therapy in the subgroups of pa-
tients who either failed or did not receive interferon ther-
apy with a high ALT of 75 TU/l or more. Anti-inflamma-
tion therapy with glycyrrhizin injections significantly in-
creased the disease control rates, as shown by the rate of
92.3% (843/913) in the patients who received glycyrrhizin
injection therapy versus 88.0% (1,440/1,637) in the pa-
tients without glycyrrhizin therapy (3* = 11.9, p < 0.0001;
table 5).

Discussion

Based on our epidemiological data obtained from
long-term observations of patients with chronic hepatitis
[34] and patients with cirrhosis [35], we found that the
life expectancy of patients with HCV-related liver cirrho-
sis heavily depends on the development of HCC. The
probability of patients with HCV-related liver cirrhosis
eventually developing HCC is staggeringly high at 75%
[35]. In the present study, interferon administration sig-
nificantly decreased the probability for transition from
liver cirrhosis to HCC in the patients who achieved SVR
or BR. However, there were some background varieties
between the patients with SVR or BR and NR or no inter-
feron therapy with respect to stage of fibrosis, sex, platelet
count and age, which can affect the carcinogenesis rate.

From the standpoint of anti-inflammatory effects and
cancer prevention [8~10, 13, 14, 19], interferon is effec-
tive in patients with chronic liver disease caused by HCV.
Although the carcinogenesis rate is noticeably reduced
when the ALT level becomes normal with or without
HCV RNA eradication [10, 13, 14] after therapy, ALT lev-
els become normal after interferon therapy in approxi-
mately half of the patients with a high viralload and group
1 HCV subtype. Furthermore, the anti-carcinogenic ca-
pacity of interferon has been demonstrated not only in
patients with persistent ALT normalization, but also in
patients with transient normalization of ALT for at least
6 or 12 months [20].

Many authors have already described that the activity
of interferon in suppressing the development of HCC in
patients with HCV RNA clearance (SVR) is similar to that
in patients with ALT normalization in the absence of
elimination of HCV RNA (BR) [13, 36-38]. Based on
these compelling lines of evidence, the anti-carcinogenic
activity of interferon is ascribed to the suppression of in-
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flammatory and regenerative processes in hepatocytes.
Moreno and Muriel [39] reported that interferon revers-
es liver fibrosis and, therefore, control of the necro-in-
flammatory process can suppress the growth of HCC.

An SVR improves clinical symptoms in decompensat-
ed cirrhosis [40], but interferon often induces severe
complications, even in young patients with decompen-
sated cirrhosis [41]. A patient with compensated cirrhosis
can be a candidate for interferon therapy if careful, close
hematologic monitoring is performed.

Because patients with liver cirrhosis generally experi-
ence some difficulties with interferon treatment, our
present study demonstrated practical information about
carcinogenesis and the life expectancy of patients with
HCV-related liver cirrhosis and the order of priority in
the management of interferon for these patients. Inter-
feron administration is considered and initiated in pa-
tients with HCV-related liver cirrhosis preferably to re-
duce the probability for the transition from liver cirrhosis
to HCC.

Because carcinogenesis is not a single-step event, but
rather a complex, multi-step process, the exact mecha-
nism of the role of glycyrrhizin in suppressing liver carci-
nogenesis remains unknown. One of the principal func-
tions of long-term administration of glycyrrhizin in de-
creasing the carcinogenesis rate is considered to be
anti-inflammation, which blocks the active carcinogenic
process of continuous hepatic necro-inflammation and
cell damage. In the treated group of the present study, the
median ALT values markedly decreased after initiation of
the glycyrrhizin injections, suggesting that the pathologi-
cal process of hepatocyte necrosis or apoptosis was sig-
nificantly suppressed by glycyrrhizinic acid. The actions
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Evolution of Simeprevir-Resistant Variants Over
Time by Ultra-Deep Sequencing in HCV
Genotype 1b
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Using ultra-deep sequencing technology, the
present study was designed to investigate the
evolution of simeprevir-resistant variants (ami-
no acid substitutions of aa80, aa155, aal56,
and aal168 positions in HCV NS3 region) over
time. In Toranomon Hospital, 18 Japanese
patients infected with HCV genotype 1b, re-
ceived ftriple therapy of simeprevir/PEG-IFN/
ribavirin (DRAGON or CONCERT study). Sus-
tained virological response rate was 67%, and
that was significantly higher in patients with
IL28B rs8099917 TT than in those with non-TT.
Six patients, who did not achieve sustained
virological response, were tested for resistant
variants by ultra-deep sequencing, at the base-
line, at the time of re-elevation of viral loads,

and at 96 weeks after the completion of treat- -

ment. Twelve of 18 resistant variants, detected at
re-elevation of viral load, were de novo resistant
variants. Ten of 12 de novo resistant variants
become undetectable over time, and that five of
seven resistant variants, detected at baseline,
persisted over time. In one patient, variants of
Q80R at baseline {0.3%) increased at 96-week
after the cessation of treatment {10.2%), and de
novo resistant variants of D168E (0.3%) also
increased at 96-week after the cessation of
treatment (9.7%). in conclusion, the present
study indicates that the emergence of simepre-
vir-resistant variants after the start of treatment
could not be predicted at baseline, and the
majority of de novo resistant variants become
undetectable over time. Further large-scale pro-
spective studies should be performed to investi-
gate the clinical utility in detecting simeprevir-
resistant variants. J. Med. Virol. 86:1314~
1322, 2014. © 2014 Wiley Periodicals, Inc.

KEY WORDS: HCV; ultra-deep sequence; si-
meprevir; resistant variants

© 2014 WILEY PERIODICALS, INC.

INTRODUCTION

New strategies have been introduced for the treat-
ment of chronic hepatitis C virus (HCV) infection
based on inhibition of protease in the NS3/NS4 of the
HCV polyprotein. Of the first-generation NS3/4A
protease inhibitors, telaprevir had been approved
for the treatment of patients infected with HCV
genotype 1. The iaclusion of this agent in HCV
treatment regimens had led to large improvements in
sustained virological rates, though this agent re-
quires dosing three times daily and the use is
associated with increased incidence and, in some
cases, severity of adverse events such as anemia and
rash [Hézode et al., 2009; McHutchison et al., 2009,
2010; Hayashi et al., 2012; Kumada et al., 2012].

Simeprevir (TMC435) is an investigational, once-
daily oral NS3/4A protease inhibitor currently under
clinical development globally. Phase II trials of sime-
previr in combination with peginterferon (PEG-IFN)
and ribavirin for patients infected with HCV genotype
1 demonstrated that simeprevir was generally well
tolerated, had a pharmacokinetic profile that supports
once-daily dosing and resulted in high virclogic re-
sponse rates. Treatment-naive patients, who received
simeprevir for 12 or 24 weeks (SMV12 or SMV24) with
PEG-IFN/ribavirin for 24 or 48 weeks (PR24 or PR48)
(according to response-guided therapy), could achieve
sustained virological response rates of 74-86%
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(PILLAR study) [Fried et al, 2013] and 77-92%
(DRAGON study) [Hayashi et al., 2014]. Furthermore,
treatment-experienced patients, who received simepre-
vir for 12, 24, or 24 weeks (SMV12, SMV24, or
SMV24) with PEG-IFN/ribavirin for 48 weeks (PR48),
could achieve sustained virological response rates of
61-80% (ASPIRE study) [Zeuzem et al., 2014].

Along with a high sustained virological response,
NS3/4A protease inhibitor-based therapies are re-
ported to induce resistant variants in patients, who
could not achieve sustained virological response [Hé-
zode et al., 2009; McHutchison et al., 2010; Fried
et al., 2013; Hayashi et al., 2014; Zeuzem
et al.,, 2014]. Hence, there is a need to predict at
baseline the appearance of NS3/4A protease inhibi-
tor-resistant variants. Previous reports have de-
scribed the advantages of ultra-deep sequencing
technology, including faster processing and large-
scale sequencing, in addition to providing a better
understanding of the dynamies of variants in HCV
quasispecies [Hiraga et al., 2011; Nasu et al,, 2011;
Ninomiya et al., 2012]. Recent study based on
telaprevir-based therapy showed that it was difficult
to predict at baseline the emergence of telaprevir-
resistant variants during triple therapy, even with
the use of ultra-deep sequencing [Akuta et al., 2013].
However, it is not clear at this stage whether such
technology is useful for the prediction of the emer-
gence of simeprevir-resistant variants during or after
the administration of simeprevir-based therapy.

The aim of this study using ultra-deep sequencing
technology was to investigate the evolution of sime-
previr-resistant variants over time after commence-
ment of triple therapy of simeprevir/PEG-IFN/
ribavirin, in adult Japanese patients infected with
HCV genotype 1.

PATIENTS AND METHODS
Study Design

The Dose and duration Ranging study of Antivi-
ral agent TMC435 in Genotype One HCV treat-
ment-Naive patients (DRAGON) was a Phase 11
study conducted across Japan to evaluate the effica-
cy, safety, and pharmacokinetics of simeprevir and
PEG-IFNa-2a/ribavirin in treatment-naive patients
infected with HCV genotype 1. Simeprevir dose of
50 or 100 mg once-daily was administered orally for
evaluation in this dose-ranging study. Patients
were randomized to one of five treatment groups
(SMV12/PR24 50mg, SMV24/PR24 50mg, SMV12/
PR24 100mg, SMV24/PR24 100mg, and PR48)
[Hayashi et al., 2014]. Furthermore, Clinical Opti-
mization of New treatment strategy with TMC435
in Combination with pEginterferon plus Ribavirin
for Treatment-naive and lreatment-experiénced pa-
tients infected with HCV genotype 1 (CONCERT)
was a Phase IIT study conducted across Japan to
evaluate the efficacy and safety of simeprevir and
PEG-IFNa-2a/ribavirin in treatment-naive patients
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(CONCERT-1), simeprevir and PEG-IFN«-2a/ribavi-
rin in treatment-experienced patients (CONCERT-2
for prior non-response, and CONCERT-3 for prior
relapse), and simeprevir and PEG-IFNa-2b/ribavi-
rin in treatment-naive and experienced patients
(CONCERT-4). In CONCERT-1, patients were ran-
domized to one of two treatment groups (SMV12/
PR24 100mg and PR48). In CONCERT-2, patients
were randomized tc one of two treatment groups
(SMV12/PR24 100 mg and SMV24/PR24 100 mg). In
CONCERT-3, patients were randomized to one
treatment group (SMV12/PR24 100mg). In CON-
CERT-4, treatment-naive and relapse patients
were assigned to one treatment group (SMV12/
PR24 100mg), and patients of prior non-response
were assigned to one treatment group (SMV12/
PR48 100mg) [Drafting Committee for Hepatitis
Management Guidelines, the Japan Society of
Hepatology, 2014]. In DRAGON and CONCERT-
1,2,3, at week 24, patients either stopped or contin-
ued treatment with PEG-IFN/ribavirin up to week
48, according to response-guided therapy criteria.
These studies protocols were in compliance with the
Good Clinical Practice Guidelines and the 1975
Declaration of Helsinki, and were approved by
Toranomon Hospital Ethics Committee. Each pa-
tient gave an informed consent before participation
in these trials.

In DRAGON and CONCERT-1,2,3, PEG-IFNa-2a
(Pegasys®; Chugai, Tokyo, Japan) was administered
as a subcutaneous injection (180 pg once weekly)
and ribavirin (Copegus®; Chugai, Tokyo, Japan) as
oral tablets (600-1,0600 mg total daily dose, depend-
ing on body weight) in accordance with the manu-
facturer’s prescribing  information for both
medication. In CONCERT-4, PEG-IFNa-2b (Pegin-
tron®™; MSD, Tokyo, Japan) was administered as a
subcutaneous injection (1.5png/kg once weekly, de-
pending on body weight), and ribavirin (Rebetol™;
MSD, Tokyo, Japan) as oral tablets (600-1,000 mg
total daily dose, depending on body weight) in
accordance with the manufacturer’s prescribing
information for both medication.

The efficacy of treatment was evaluated by HCV-
RNA negativity at 24 weeks after the completion of
therapy (sustained virological response), based on the
COBAS TagMan HCV test (Roche Diagnostics, Tokyo,
Japan). Failure to achieve sustained virological re-
sponse was classified as non-response (HCV-RNA
detected during or at the end of freatment), viral
breakthrough (re-elevation of viral loads before the
end of treatment, even when HCV-RNA was tempo-
rarily negative during treatment), and relapse (re-
elevation of viral loads after the end of treatment,
even when HCV-RNA was negative at the end of
treatment). Especially, non-response was defined as
null response (a reduction of less than 2 log; in HCV
RNA at 12 weeks after the start of therapy) or partial
response (a reduction of 2 logyy or more in HCV RNA
at 12 weeks).

J. Med. Virol. DOI 10.1002/jmv
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Study Patients

Between October 2009 and June 2011, 20 patients
infected with HCV met the following inclusion and
exclusion criteria in one of these two studies (DRAG-
ON or CONCERT) at the Department of Hepatology,
Toranomon Hospital: (1) HCV genotype 1 confirmed by
sequence analysis. (2 HCV RNA levels of >5.0log(U/
ml determined by the COBAS TagqMan HCV test
(Roche Diagnostics). (3) Age at study entry of 20-70
years. (4) Absence of liver cirrhosis or hepatic failure,
or other liver disease. (5) No infection/co-infection with
HIV-1, HIV-2, hepatitis B, or HCV non-genotype 1. (6)
No treatment for malignancy within 5 years prior to
study. (7) No history of hepatocellular carcinoma. (8)
No conditions that required caution with PEG-IFN or
ribavirin treatment. (9) No history of any clinically
significant disease. (10) No history of organ transplant.
Absence of defined lahoratory abnormalities during
screening. In DRAGON, four treatment-naive patients
were randomized to one of five treatment groups (two
patients of SMV12/PR24 50 mg, none of SMV12/PR24
100 mg, one of SMV24/PR24 100 mg, and one of PR48).
In CONCERT-1, six treatment-naive patients were
randomized to one of two treatment groups (five
patients of SMV12/PR24 100 mg, and one of PR48). In
CONCERT-2, four patients of prior non-response were
randomized to one of two treatment groups (three
patients of SMV12/PR24 100mg, and one of SMV24/
PR24 100mg). In CONCERT-4, three patients of prior
relapse were assigned to one treatment group (SMV12/
PR24 100mg), and three patients of prior non-response
were assigned to one treatment group (SMV12/PR48
100 mg).

The present study based on the 18 patients, who
were assigned to triple therapy of simeprevir and
PEG-IFN/ribavirin, was performed to investigate the
evolution of simeprevir-resistant variants over time.
Especially, patients, who did not achieve sustained
virological response, was investigated whether the
presence of low frequency resistant variants at
baseline could predict the emergence of simeprevir-
resistant variants after the start of triple therapy,
using ultra-deep sequencing. :

Measurement of HCV RNA

The antiviral effects of the triple therapy on HCV
were assessed by measuring plasma HCV RNA levels.
In this study, HCV RNA levels during treatment
were evaluated at least once every month before,
during, and after therapy. HCV RNA concentrations
were determined using the COBAS TagqMan HCV
test (Roche Diagnostics). The linear dynamic range of
the assay was 1.2-7.8log IU/m], and the undetectable
samples were defined as negative.

Determination of IL28B Genotype

IL28B 158099917 were genotyped by the Invader
assay, TagMan assay, or direct sequencing, as

J. Med. Virol. DOI 10.1002/jmv
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described previously [Ohnishi et al., 2001; Suzuki
et al., 2003).

Detection of Amino Acid Substitutions in Core
Regions of HCV Genotype 1

With the use of HCV-J (accession no. D90208) as a
reference [Kato et al,, 1990], the sequence of 1-191 aa
in the core protein of HCV genotype 1b was determined
and then compared with the consensus sequence
constructed in a previous study to detect substitutions
at aa 70 of arginine (Arg70) or glutamine/histidine
(GIn70/His70) and aa 91 of leucine (Leu91) or methio-
nine (Met91) [Akuta et al., 2005, 2007, 2010].

Assessment of Simeprevir-Resistant Variants

The genome sequence of the N-terminal 609 nucleo-
tides (203 amino acids) in the NS3 region of HCV
isolates from the patients was examined. HCV RNA
was extracted from 1001 of serum, and simeprevir-
resistant variants were determined by ultra-deep
sequencing. The primers used to amplify the NS3
region were NS3-F1 (5-ACA CCG CGG CGT GTG
GGG ACA T-3'; nucleotides 3295-3316) and NS3-AS2
(5’-GCT CTT GCC GCT GCC AGT GGG A-3; nucleo-
tides 4040-4019) as the first (outer) primer pair and
NS8-F3 (5'-CAG GGG TGG CGG CTC CTT-3'; nucleo-
tides 3390-3407) and NS3-AS2 as the second (inner)
primer pair [Suzuki et al., 2012}. Thirty-five cycles of
first and second amplifications were performed as
follows: denaturation for 30sec at 95°C, annealing of
primers for lmin at 63°C, extension for 1min at
72°C, and final extension was performed at 72°C for
7min. The PCR-amplified DNA was purified after
agarose gel electrophoresis, and then used for ultra-
deep sequencing. Patients, who did not achieve
sustained virological response, were tested for sime-
previr-resistant variants by ultra-deep sequencing, at
the baseline, at the time of re-elevation of viral
loads, and at 96 weeks after the completion of
treatment. simeprevir-resistant variants included
Q80K/R/H/G/L, R155K/T/I/M/G/L/S/Q, A156V/T/S/I/G,
and D168A/V/E/G/N/T/Y/H/I [Romano et al., 2010].

Ultra-deep sequencing was performed using the
Ion Personal Genome Machine™ (PGM™) Sequencer
(Life Technologies, Carlsbad, CA). An Ion Torrent
adapter-ligated library was prepared using an Ion
Xpress Plus Fragment Library Kit (Life Technolo-
gies). Briefly, 100 ng of fragmented genomic DNA was
ligated to the Ion Torrent adapters P1 and A. The
adapter-ligated products were nick-translated and
PCR-amplified for a total of eight cycles. Subsequent-
ly, the library was purified using AMPure beads
(Beckman Coulter, Brea, CA) and the concentration
determined using the StepOne Plus RealTime PCR
(Life Technologies) and Ion Library Quantitation Kit,
according to the instructions provided by the manu-
facturer. Emulsion PCR was performed using Ion
OneTouch (Life Technologies) in conjunction with Ion
OneTouch 200 Template Kit v2 (Life Technologies).
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Enrichment for templated Ion spheres particles
(ISPs) was performed using Ion OneTouch Enrich-
ment System (Life Technologies), according to the
instructions provided by the manufacturer. Tem-
plated ISPs was loaded onto an Ion 314 chip, and
subsequently sequenced using 130 sequencing cycles
according to the Ion PGM 200 Sequencing Kit user
guide. Total output read length per run is over
10 Mbase (0.56M-tag, 200 base read) [Elliott et al.,
2012). The results were analyzed with the CLC
Genomics Workbench software (CLCbio, Aarhus,
Denmark) [Vogel et al., 20121

A control experiment was also included to validate
the error rates in ulira-deep sequencing of the viral
genome. In this study, amplification products of the
second-round PCR were ligated with plasmid and
transformed in Escherichia coli in a cloning kit (TA
Cloning; Invitrogen, Carlsbad, CA). A plasmid-de-
rived NS3 sequence was determined as the template,
by the control experiment. The fold coverage evaluat-
ed per position for aa 80, aa 155, aa 156, and aa 168
in NS3 region, were 332,062x, 106,435x%, 105,979x,
and 33,725x, respectively. Thus, using the control
experiment based on plasmid encoding HCV NS3
sequence, amino acid mutations were defined as
amino acid substitutions at frequency of more than
0.2% among the total coverage. This frequency ruled
out putative errors caused by ultra-deep sequence
platform used in this study [Akuta et al., 2013].

Statistical Analysis

Non-parametric tests (chi-squared test and Fisher’s
exact probability test) were used to determine those
factors that significantly contributed to sustained
virological response. Statistical analysis was per-
formed using the Statistical Package for Social Scien-
ces (SPSS, Inc., Chicago, IL).

RESULTS
Virological Response to Therapy

Table I summarizes the profiles and laboratory
data of the 18 patients at commencement of triple
therapy, treatment regimen, treatment duration, and
efficacy. They included 6 males and 12 females, aged
38-70 years (median, 60 years). The sustained viro-
logical response rate was 66.7% (12 of 18 patients).
Taking into consideration the response to prior
treatment, sustained virological response was
achieved by 75.0% (6 of 8 patients), 100% (3 of 3
patients), and 42.9% (3 of 7 patients) by treatment-
naive patients, patients who showed relapse to prior
treatment, and non-responders to prior treatment,
respectively. Of the six patients who did not show
sustained virological respunse, the relapse, break-
through, and non-response rates were 66.7% (Cases
2,3,11,17), 16.7% (Cases 12), and 16.7% (Cases 18),
respectively. Cases 1 stopped simeprevir before the
completion of 12-week treatment, due to the increase
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of total bilirubin levels (48-week PEG-IFN and ribavi-
rin continued), and Case 5 stopped PEG-IFN and
ribavirin before the completion of 24-week treatment,
due to a fall in Hb concentration. Case 18 stopped
the triple therapy at 12 weeks before the completion
of the 48-week regimen, due to null response.

The sustained virological response rate was signifi-
cantly higher in patients with IL28B rs8099917 TT
(100% [8 of 8 patients]) than in those with non-TT
(40% [4 of 10]) (P=0.013). However, the present
study based on the small numbers of patients did not
identify the other factors that significantly contribut-
ed to sustained virological response.

Simeprevir-Resistant Variants Detected by
Ultra-Deep Sequencing at Re-Elevation of Viral
Load

Table II indicates the evolution of simeprevir-
resistant variants over time by ultra-deep sequencing
in patients, who did not achieve sustained virological
response.

In Case 3,11,18, very low frequency variants at
baseline persisted during treatment as very low fre-
quency variants, but de novo resistant variants also
emerged during treatment. In Case 3 (relapse), very
low frequency variants of Q80R (0.2% of 141,326x
coverage) at baseline persisted during treatment as
very low frequency variants of Q30R (0.2% of 174,968 x
coverage), but de novo resistant variants (D168V [0.8%
of 200,756x coverage] and D168G [0.2% of 200,756x%
coverage]) also emerged during treatment. In Case 11
(relapse), very low frequency variants of R155Q (0.2%
of 29,454x coverage) at baseline persisted during
treatment as very low frequency variants of R155Q
(04% of 34,796x coverage), but de novo resistant
variants (D168V [77.4% of 80,708x coverage]) also
emerged during treatment. In Case 18 (null response),
very low frequency variants of Q80R (0.3% of 143,435x
coverage) at baseline persisted during treatment as
very low frequency variants of QSOR (0.4% of 152,564 x
coverage), but de novo resistant variants (D168V
[99.5% of 131,749x coverage]l and D168E [0.3% of
131,749% coverage]) elso emerged during treatment.

In Case 2 (relapse), very high frequency variants of
Q80L (99.8% of 213,853x coverage) at baseline per-
sisted during treatment as very high frequency
variants of Q80L (99.9% of 188,910x coverage), but
de novo resistant variants (D168G [61.3% of 137,720«
coverage] and R155Q [2.4% of 165,980x coverage])
also emerged during treatment.

In Case 12 (breakthrough), very low frequency
variants (Q80L [1.0% of 151,968x coverage] and Q80R
[0.2% of 151,968x coverage]) at baseline increased
during treatment (Q&0L [76.0% of 158,451 coverage]
and Q80R [1.7% of 158,451 coveragel), and de novo
resistant variants (D168V [25.8% of 184,963x cover-
age] and D168E [2.0% of 184,963x coveragel) also
emerged during treatment.

J. Med. Virol. DOI 10.1002/jmv
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TABLE 1. Profile at Cuuunencement of Triple Therapy, Treatment Regimen, Treatment Duration, and Efficacy

Treatment regimen Treatment duration

Case Sex HCV IL28B  Core  BMIL  Previous SMV PEG PEG RBVBW SMV  PEG/RBV

Age genotype 1s8099917 aa70 (k8/m”) response Study (mg) type dose (ng) (mgkg) (wk) {(wk) Efficacy
1" M 60 1b TT Arg70 26.3 Naive DRAGON 50 «2a 180 10.9 3 48 SVR
2 F 46 1b TG Arg70 209 Naive DRAGON 50 «2a 180 10.6 12 24 Relapse
3 F 63 1b TG GIn70 20.9 Naive DRAGON 100 «2a 180 11.4 24 24 Relpase
4 M 69 1b T Arg70 232 Naive  CONCERT1 100 «2a 180 13.2 12 24 SVR
5® 63 1b T Arg70 214 Naive = CONCERT1 100 «2a 180 11.2 12 22 SVR
6 F 52 1b T Arg70  21.3 Naive  CONCERT1 100 «2a 180 11.2 12 24 SVR
7 M 53 1b T Arg70  24.2 Naive  CONCERT1 100 «2a 180 11.2 12 24 SVR
8 F 55 1b TG Arg70 195 Naive = CONCERT1 100 «2a 180 12.5 12 24 SVR
9 F 70 1b TG Arg70  19.6 Partial CONCERT2 100 «2a 180 12.9 12 24 SVR
10 F 61 1b TG Gln70 225 Partial CONCERT2 100 «2a 180 10.5 24 24 SVR
11 M 45 1b TG Gln70 211 Null CONCERT2 100 «2a 180 13.2 12 24 Relapse
12 Fo67 1b TG GIn70 234 Null CONCERT2 100 «2a 180 10.9 12 24 Breakthrough
13 F 59 1b T Arg70 216 Relapse CONCERT4 100 «2b 80 11.2 12 24 SVR
14 F 43 1b T Arg70 224 Relapse CONCERT4 100 «2b 80 10.0 12 24 SVR
15 M 38 1b T GIn70 275 Relapse CONCERT4 100  o2b 120 11.7 12 24 SVR
16 F 51 1b TG Gln70 229 Partial CONCERT4 100 «2b 80 11.3 12 24 SVR
17 F 64 1b TG Arg70  20.1 Partial CONCERT4 100 «2b 60 13.6 12 48 Relapse
18% M 62 1b TG GIn70 26.2 Partial CONCERT4 100 «2b 100 12.2 12 12 Null

“Cases 1 stopped simeprevir before the completion of 12-week treatment, due to the increase of total hilirubin levels (48-week PEG-IFN and ribavirin continued), and Case 5 stopped PEG-
IFN and ribavivin before the completion of 24-week treatment, due to a fall in FHb concentration. Case 18 stopped the triple therapy at 12 weeks before the completion of the 48-week

regimen, due to null response.
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TABLE II. Evolution of Simeprevir-Resistant Variants Over Time by Ullra-Deep Sequencing in Patients, Who Did Not Achieve Sustained Virological Response

At point of baseline

At point of re-elevation of viral loads

At point of 96Wk after the stop of therapy

Case Position Frequencies (%) Coverage Viral loads Frequencies (%) Coverage Viral loads Frequencies (%)  Coverage  Viral loads Efficacay
2 aa80 L (99.8%) 213,853 % 6.0 1. (99.9%) 188,910x 5.3 L (99.8%) 266,418x 6.1 Relapse
aalbh — 197,250 Q (2,4%) 165,980x — 187,727
aalb6 — 176,208 x — 159,755 —— 179,884 x
aal68 N (0.2%) 174,675 G (61.3%) 137,720 — 192,342 x
3 aa80 R (0.2%) 141,326 6.8 R (0.2%) 174,968 x 3.8 R (0.2%) 138,981 x 6.7 Relapse
aalbh — 114,101x — 145,934 % —_— 92,640 x
aalb6 — 129,256 — 165,294 % — 99,197 x
aal6§ —— 166,778 V (0.8%)-G (0.2%) 200,756 % G (0.2%) 115,136
11 aa80 — 141,147x 6.8 — 122,613x% 7.3 — 86,092 x 6.8 Relapse
aalbh Q (0.2%) 29,454 x Q (0.4%) 34,796 x Q (0.2%) 20,149 x
aalb6 — 46,117x — 47,308x% — 30,053 %
aal68 — 91,622x V (77.4%) 80,708 x — 65,050 %
12 aa80 L (1.0%)-R (0.2%) 151,968x 7.8 L (76.0%)-R (1.7%) 158,451x 7.3 R (0.2%) 189,759 7.3 Breakthrough
aalb5 — 177,405 % — 194,176 — 184,982x
aalb6 — 189,503 % — 202,505 % — 194,138x
aal68 — 176,868 % V (25.8%)E (2.0%) 184,963x — 182,671x
17 aa80 — 175,466 % 7.0 R (0.2%) 156,143 7.1 — 231,206 % 6.9 Relapse
aalbb — 135,348 Q (2.2%) 161,895x — 149,245 %
aalb6 — 150,908 x — 196,537 x — 178,579 %
aal68 -— 86,237x V (79.0%) 92,466x — 96,975x%
18 aa80 R (0.3%) 143,435x% 6.4 R (0.4%) 152,564 x 4.0 R (10.2%) 153,700 6.8 Null
aalbb — 88,687 — 85,458x Q (0.2%) 89,740
aalb6 — 109,437 x — 106,712x — 114,061
aal68 120,870 x V (99.5%)-E (0.83%) 131,749 B (9.7%) 116,052
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In Cases 17 (relapse), resistant variants were not
detected at baseline, but de novo resistant variants
(D168V [79.0% of 92,466 coveragel, R155Q [2.2% of
161,895x coverage], and QS80R [0.2% of 156,143x%
coverage]) were detected at re-elevation of viral load.

Thus, the present study using ultra-deep sequenc-
ing indicates that the majority of resistant variants
detected at re-elevation of viral load was de novo
resistant variants (12 of 18 variants), and that the
emergence of variants after the start of treatment
could not be predicted at baseline.

Simeprevir-Resistant Variants Detected by
Ultra-Deep Sequencing at 96-Week after the
Cessation of Treatment

At 96-week after the cessation of treatment, de
novo resistant variants detected at re-elevation of
viral load, were undetected (R155Q of Case 2,17)
(D168G of Case 2) (D168V.of Case 3,11,12,17,18)
(D168E of Case 12) (Q80R of Case 17), or detected as
very low frequency variants of 0.2% (D168G of Case
3). However, very high (>99.0%) or low (0.2%)
frequency variants at baseline persisted as very high
or low frequency variants at 96-week after the
cessation of treatment (Q80L of Case 2) (Q80R of
Case 3,12) (R155Q of Case 11).

In Case 18, variants of Q80R at baseline (0.3% of
143,435 coverage) persisted as very low frequency
variants at re-elevation of viral load (0.4% of
152,564 coverage), but increased at 96-week after
the cessation of treatment (10.2% of 153,700 cover-
age). Furthermore, de novo resistant variants of
D168E (0.3% of 131,749 coverage) were detected at
re-elevation of viral load, but increased at 96-week
after the cessation of treatment (9.7% of 116,052x
coverage).

Thus, the present study using ultra-deep sequenc-
ing indicates that the majority of de novo resistant
variants become undetectable over time (10 of 12
variants), and that the majority of resistant variants
detected at baseline persisted over time (5 of 7
variants).

DISCUSSION

Previous study based on telaprevir-based therapy
showed that de nove telaprevir-resistant variants
emerged regardless of variants frequencies at base-
line, and that the emergence of variants after the
start of triple therapy could not be predicted at
baseline [Akuta et al., 2013]. The present study also
indicated that the majority of simeprevir-resistant
variants at re-elevaticn of viral load was de novo
resistant variants, and that the emergence of var-
iants could not be predicted at baseline. Hence,
patients, who failed to achieve sustained wvirclogical
response to simeprevir/PEG-IFN/ribavirin triple ther-
apy, need to be identified to avoid the emergence of
simeprevir-resistant variants. IL28B genotype have
been useful as pretreatment predictors of poor viro-
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logical response to telaprevir/PEG-IFN/ribavirin tri-
ple therapy [Akuta et al., 2010]. The present study
based on the small numbers of patients indicated
that sustained virological response rate was signifi-
cantly higher in patients with IL28B rs8099917 TT
than in those with non-TT, but did not identify the
other factors that significantly contributed to sus-
tained virological response. Recently, a polymorphism
(ss469415590) within the gene that encodes a novel
IFN-lambda 4 (IFNL4) protein has been found to be
strongly associated with outcome of PEG-IFN/ribavi-
rin dual therapy or telaprevir/PEG-IFN/ribavirin
triple therapy [Fujino et al, 2013; Kawakami
et al., 2013; Prokunina-Olsson et al., 2013). In this
study, the effect of IFNL4 genotype could be assessed
in 8 of 18 patients. Interestingly, sustained virologi-
cal response rate for patients with the IFNL4 TT/TT
of the treatment-sensitive genotype was higher than
patients with non-TT/TT of the treatment-resistant
genotype in preliminary study based on the small
numbers of patients (100% and 20%). Furthermore,
one patient with the IFNL4 TT/TT of the treatment-
sensitive genotype, could achieve sustained virologi-
cal response, regardless IL28B rs8099917 TG of the
treatment-resistant genotype. Further studies of larg-
er number of patients should be performed to investi-
gate the pretreatment predictive factors of sustained
virological response to simeprevir-based therapy, in-
cluding host genetic factors (e.g., IL28B and IFNL4
genotype) and viral factors (e.g., amino acid substitu-
tions in the core region) [Ge et al., 2009; Suppiah
et al., 2009; Tanaka et al., 2009; Akuta et al., 2010;
Fujino et al., 2013; Kawakami et al., 2013; Proku-
nina-Olsson et al., 2013].

It is not clear at this stage whether the emergence
of NS3/4A protease inhibitors-resistant variants
might affect the second course of NS3/4A protease
inhibitors-based treatment. The present study indi-
cates that the majority of simeprevir-resistant var-
iants become undetectable over time. However, in
Case 18, wvariants of Q80R at baseline (0.3%)
increased at 96-week after the cessation of treat-
ment (10.2%), and de novo resistant variants of
D168E (0.3%) also increased at 96-week after the
cessation of treatment (9.7%). Recent report based
on telaprevir-based therapy showed that one pa-
tient, who did not achieve sustained virological
response by the first course of telaprevir/PEG-IFN/
ribavirin, could achieve sustained virological re-
sponse by the second course of telaprevir/PEG-IFN/
ribavirin despite the persistence of de novo telapre-
vir-resistant variants (98.1% for V36C) [Akuta
et al., 2014]. This finding may be due to one or
more reasons. One reason is probably related to the
high susceptibility of telaprevir-resistant variants to
IFN. One previvus study indicated that mice in-
fected with the resistant strain (A156F [99.9%])
developed only low-level viremia and the virus was
successfully eliminated with IFN therapy [Hiraga
et al., 2011]. In the other clinical report, telaprevir-
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