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Abstract

Objecetive  The aim of this study was to evaluate the cfficacy ol combination therapy of natural human
interferon-beta and ribavirin in patients infected with hepatitis € virus (HCV) genotype 2 and high virus
load.

Methods Inclusion criteria were HCV-genotype 2, serum HCV RNA level of 2 100 KIUI/mL belore combi-
nation therapy. A total of 24 were enrolled in this retrospective cohort study. The treamment period of combi
nation therapy was 2< weeks.

Results O the 24 study patienis. no patient stopped the treaiment due to ireatment related adyerse evenis,
Phe dose of drags were redoced i 8 pationts, “hwenty cne ot 24 pancats o387 5700 bad sustained virologicad
response (SVER by ihe intennon to treat analysis. The rate of pegative HOV RNA ai 8 week atier ihe intta
tion o realment was IR/21 (80% ) in patients with SVR and 173 (33% in patients with non-5VE Logistic

regression analysis showed that SVR oceurred when serum HOV RNA at 8 week alter the initiation of com-

hination therapy was negative (hazard ratio: 40.0: 95% confidence interval=1.75-91-L78: p=0.021)

Conclusion

The combination therapy of IFN-beta and ribavirin offers sulficient safety and cflicacy in

chronie hepatitis C patients with genotype 2 and high virus load.
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Introduction

Current evidence indicates that combination therapy ol

peginterferon and ribavirin for hepatitis C virus (HCV) is
associated with a higher rate of sustained virological re-
sponse (SVR) compared with interferon (IFN) alone (1-10).
SVR in the paticnts with HCV genotype 2 treated with TFN
monotherapy for 24 weeks was about 80% in group of low
virus load and about 40-45% in high virus load (1) How
ever. it has been reported that the SVR rate was about 80-
Q0% in patients with genotype 2 and bigh virus load treated

5

week (12-14).
Hence. IFEN-monotherapy has been recommended as a [irs
choice for chrenic hepatitis € patients with genotype 2 and

with peginterferon and  ribavirin  for 24

low virus-load in Japan. On the other band. combination
therapy ol peginterferon and vibavirin has bheen recom-
mended as a [irst choice for chronic bepatitis € patients
with genotype 2 and high virus-load. Thus. in the present
study. we assessed the efficacy ol the patients with genotype
2 and high virus load who showed low rate of SVR.
Heveever. the dropout rates in patients freated with combi-
nation therapy of peginterferon and ribavirin are higher than
those wreated with IFN monotherapy ((3-17). In particular.
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the adverse events due to combination therapy of IFN and
ribavirin have a tendency to occur in elderly patients. There-
fore. in the casc of elderly patients, the physician in charge
often avoids combination therapy of JEN and ribavirin due
lo side effects. However, recently. the life-span has been
long in Japan. Thas, there is an ongoing need to refine treat-
ment strategies with a strong effect and safety in HCV pa-
tients. .

Festi et al reported that IFN-beta has sufficient tolerabil-
ity (13;. However, IFN-beta monotherapy does not resull in
a salisfactory outcome in patients with a high virus
load (11). Enomato et al have reported that IFN-beta plus
ribavirin therapy might seem to have a strong effect and
mild side effects originating from treatment (18, 19). How-
ever, to date there is litile information regarding IFN-beta
plus ribavirin therapy for chronic hepatitis C.

‘hus. in the present study. we performed a relrospective
study W examine the efficacy of combination therapy of
IFN-beta and ribavirin in patients with genotype 2 and high
virus load.

Materials and Methods

Patients

Eligibility criteria for entry inte the study included the
following 1) HOV genotype Za or 2b. 2) serum level of
HCV RNA of 2100 KIU/mL before combination therapy:
33 no corticosteroid, immunosuppressive agents. or antiviral
agents used within 6 months: 4) no hepatitis B surface anti-
gens (HBsAg), antinuclear antibodies (ANA), or antimito-
chondrial antibodies (AMA) detectable in serum, determined
by radioimmunoassay; 5) leukocytes >2,000/mm’, platelet
count >80,000/mm’, and bilirubin <2.0 mg/mL; 6) follow up
for >6 months before treatment. We excluded from the study
all of the patients with the following: 1) a history of alcohol
abuse; 2) advanced liver cirthosis of encephalopathy, bleed-
ing esophageal varices, or ascites. The physician in charge
explained the purpose and method of the combination ther-
apy as well as the potential adverse reactions and informed
consent was obtained from each patient.

From December 2004 to May 2008, 24 HCV patients
were enrolled in this retrospective cohort study at the study
hospital.

A SVR was defined as clearance of HCV RNA by com-
mercial amplicor HCV qualitative assay (Amplicor HCV;
Ver. 2.0, Roche Diagnostic Systems, Basel, Switzerland) at
6 months after the cessation of combination therapy (20).

Next, predictors of SVR in patients with undetectable
HCV RNA in serum during treatment were assessed. Fi-
nally. SVR rate based on the attainment time of negativity
of HCV RNA and continuance of negative HCV RNA dur-
ing combination therapy were examined.

Combination therapy of IFN-beta and ribavirin

The study protocol was approved by the Human Ethics

Review Committee of Toranomon Hospital and a signed
consent form was obtained each patient. Treatment was pro-
vided for 24 weeks. IFN-beta (Feron, Toray Industries Inc.
Tokyo, Japan) was given intravenously at a dose of ¢ mil
lion units (MU) daily for 2-8 wecks initially, followed by
three times a week for 16-22 weeks. Ribavirin (Rebetol,
Schering-Plough, Osaka, Japan) were given at the dose de-
scribed based on body weight. The ribavirin dose was ad-
justed according to body weight (600 mg for =60 kg, 800
mg for >60 kg and =80 kg. and 1000 mg for >80 kg). The
period of daily administration in IFN-beta treatment was de-
termined by the physician. The patients were divided inio
three groups based on the difference of period of daily ad-
ministration of IFN-beta at the initial stage of ireatmient: a
2-week regimen. 10 patients: a 4-week regimen, 5 patients:
and an §-week regimen. Y patients.

Biood samples were obtained just before and 6 menth at
ter combination therapy. The samples were stored al 807
until analyzed. Using these blood samples, HCV-RNA level
before IFN therapy was analyzed by quantitative PCR assay
(Amplicor GT-HCV Monitor Version 2.0, Roche Molecular
Systems) (21). HCV-genotype was examined by polymer-
ized chain reaction assay, using a mixture of primers for the
six sublypes known to exist in Japan, as reported previ-
ously (22). Serum alanine aminotransferase (ALT). aspartate
aminotransferase (AST) concentrations. and HCV RN
were measured at least once per month during  thervapy
Negatvity ol serum HCV RNA was defined as clearance ol
serurs HCV RNA by commercial amplicor. HCV qualitaine
assay (20). Clnical evaluation and biochemical and hemato-
logical tests were performed at 4 weekly intervals.

Statistical analysis

Nonparametric procedures were employed for the analysis
of background features of the patients with SVR and with-
out SVR, including the Mann-Whitney U test, Fisher’ exact
test. Kruskal Wallis test, and/or logistic regression analysis.
The foliowing variables were evaluated as prognostic fac-
tors: sex, age, body mass index, a history of interferon ther-
apy. a HCV RNA level, biochemical factors (AST, ALT, iri-
glyceride, HDL-cholesterol, LDL-cholesterol), platelet count,
HCV RNA 4, 8, 12 weeks after the initiation of IFN ther-
apy. continuous negative period of HCV RNA during IFN
therapy and period of IFN therapy. The SPSS software
package (SPSS Inc., Chicago, IL) was used to perform sta-
tistical analysis. A p value of <0.05 was considered {0 indi-
cate a significant difference.

Result

Ciinical characteristics of the patients

A total of 24 patients were enrolled in the present siudy.
Table 1 shows the characteristics of the patients who re-
ceived combination therapy. Clinical profiles were as fol-
lows: mean age=53.9 years, male/female=1i/13, and median
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table j. Clinical Backgrounds before Combination Therapy of
Peginterferon and Ribavirin in Chronic Repatitis € Patients

Character value

Patients, n 24

Sex. male o) 114580

Age (Vrs) s500102

B BRNEI

Alistory of [FNt ) 12 450.0%

HCOV RN ARIUML 70 43-300)

HUV genonpe 20 25) 14714

i:s"l' (LT s Thind

ATt [T

FPC g o) o

Feiglveeride tag ) il

HDE cholesterol (i) Ay

LDL cholesteral (mgidl.) 17431

Phatelet ¢ 1 mm’) ool 15

A regimen of daily adminisicion of - 1059

[EMN feta™ (0 ol dBerock = el

Dokt mipnbeer o paieins cpeicsne e Lrdah e

APTE ol sinmeiansdene e SE D aspaiiid b e BN badds
mass indexs FPGL Twame phisaie glicoscs PN Deparitis © irasy TFNL

interferon:

#The patients were divided into ihree groups based on the difference of period of

daily administation of [FN-beta ar the initiad stage of eatment: a 2-week

regimen of daily administration of 31'N-beta, 10 patients: a d-week regimen., §

patients; and an 8-week regimen. W pafients,

(range) HOV-RNA=870(103-5,000) KIU/mL..
Safety and tolerance of IFN

O the 24 patients included in this study, none ol the pa-
tients discontinued combination therapy because of TFM-
refated adverse events. However. 7 out of 24 patients had
dose reduction ol interferon and/or ribavirin due 1o side of
feets. JFN-beta dose reduction was necessary i one case
due to the development of neutropenia. RBY dose reduction
was applied in 6 patients. due 1o anemia.

The Jeukocyte count was 4700 = [.290/mim’ and the
platelet count was 166,000 = 45.000/mm’ before the initia-
tion of IEN therapy. whereas the values were 3.020 = [0S/
mm’ and 134,000 = 39,000/mm’. respectively. two weeks al-
ter the initiation of the therapy.

Efficacy of treatment

Out of the 24 patients enrolled in the present siudy. 2

patients (87.56) had SVR by the intention-to- treat analysis.
Paticnis aged 265 years were five in total. Four ot of live
paiicnts aged 265 years had SVR. Table 2 shows the differ
ences in the clinical hackground between patients with SVR
and thane withow SYR. The rate of negative HCV RNA al
% woeks aller the initistion of treatment was [8/2186%) in
paticnts with SVE and /3 (33%) in palients with non-SVR.
Logistic regression  analysis showed that SVR  occurred
when scrum HCV RNA a0 8 weeks after the initiation of
combination therapy was negative (hazard ratio: 40.0: 95%
confidence  imterval=1.75-91.L78; P=0.021). Morcover. ihe
SVR was not significantly different based on the difference
of period of daily administration of 1FN-beta at the initial

stage of treatment.
Background of non-SVR cases

Three patients had negaiive HCV RNA at the end stage
of treatment. but showed reappearance of HCV RNA alter
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Tabsde 2

The Difference of Clinical Backgrounds between Pa-

tients with SVR and Those without SVR

SVR (n=21) Non-SVR (n=3)  pvaluc’
Age (vears old) 56.1£9.10 570+ 8.0 0.827
Sex (male/femate) 12/9 21 4449
BMI 2923 28£2.6 1.600
a history of TFN (+/-) 11710 172 0.759
HCV-load (KiU/mL) 794+ 786 1545= 1797 0.759
AST(IU/L) 69 £ 47 4412 (.540
ALT (JUA) 83139 70 £ 55 1.359
PG omgdil) 96+ 13 923 0812
Triglyceride (mg/dLy 12274 107 £ 57 0.614
HDU sholesterol (mg. dL REE R 65=17 L2497
OO cholestersl timg.dLa 3 3 P20 15 AT
Platelet ¢ 10%nym’) 103247 }77£53 0,701
HCV RNA (+/-) 4W 9/12 21 0576
HCV RNA (+/-) 8W 318 2/ 0.099. 0.021
HCV RNA (+/-) 12W 0721 0/3 1.000
Period of daily 9478 /1 0923

administration of {FN®

2 week 4-week R-week)

Dala are number of patients {percentage) or mean standard deviation.

ALT. alanine aminotransferase; AST, aspartate aminotransferase; BMJ, body

mass index; FPG, fasting plasma glucose: HCV, hepatits € virus:

interferon:

IFN,

*|FN-beta was given intravenously at a dose of 6 million units (MU) daily for
2-8 weeks. followed by three times a week for 16-22 weeks. Figure of 2, 4. and 8
represents the (week) of daily administration of IFN-beta at the initial stage.
"Nonparametric procedures were employed for the analysis of background
features of the patients with SVR and without SVR, including the Mann-Whitney
U test, Fisher™ exact test, Kruskal wallis (est.

Logistic regression analysis showed that SVR occurred when serum HCV RNA

at 8 week after the initiation of combination therapy was negative {hazard ratio:

40.0; 95% confidence interval =1.75-914.78; p = .021)

the termination of treatment. Clinical backgrounds of these
ihree cases with relapse of HCV RNA after the termination
of treatment are shown in Table 3. In case 1 and 2. the at-
tainment time of negativity of serum HCV RNA was 12
weeks after the iniliation of treatment. In case 3, the adher-
ence of both drugs of TFN-beta and ribavitin was less than
two-third compared to scheduled dose.

Discussion

We have described the efficacy of combination therapy of

IFN-beta and ribavirin in patienis infected with HCV geno-
type 2a or 2b. The present study was limited to small size
with genotype 2 and HCV-load of =100 KIU/mL and
high virus load before combination therapy. SVR in the pa-
tients with genotype 2 treated with IFN monotherapy for 24
weeks was about 80% in the group with a low virus load
and about 40-45% with high virus load (11). Thus, in the
present study, we assessed the efficacy of the patients with
genotype 2 and a high virus load who showed low rate of
SVR. Moreover, 7 of 24 patients did not have a histological
examination of the liver within one year before combination

968

— 319 —



inter Med 49: 963-970, 2010 DO 10.216% /internalmedicine 49,3299

Pasbabe AL

Clinical Backgrounds of Patients with Non-SVR

Case  AgefSex  gemotype HCV AST/IALT  response™  Adherence (%)
RNA (o) YEN RBY

i 53N Za 220 S1/504 2% 104% 160%

2 67/M 2b 5000 30727 12w 81% 849,

K} SUF 2a 1063 S0/51 4% 61%% 68%0

Data are number of patients (percentage) or mean Estandiwrd deviation.

Al T. alanine aminotransferase: AST, aspartate aminoransferase: HOV. hepatitis

C virus: IFNL interferon: RBV ., ribavirin

*Regponse of HCV RNA means ailzinment time of aegativity of seram HCV

RN afler the inination of combinalion therapy

therapy. Another Himitetdon s that the present study was ot
a rapdomized controlled study.

However. several lindings {rom the present study have di-
rect implications for combination therapy for chronic hepati-
tis C in the future. First, the present resulls suggest thal

drop-out rate due to side effects in combination therapy of

IEN-hetr and ribavirin is dow. Ta the previous studv, we
B reponted that e drop out rawe due o side effects s
S peginferforen and ribavirin was 8017

i
i

cotttbiizii e~
S e sl e mithanen of seaiiend and FLY%% noone
vear (150 du e prosent study. pene ol the patients discon
tinocd combination therapy becanse of JEN related adverse
Cvenls. )

Sccomdly, oul of 24 patients given the combination ther
apy. 21 patients had SVR. This SVR rate is similar to thai
of the 24 week combinaiion therapy of peginterferon and
ribavirin reported previously (f1-13).

‘Third, the patients with genotype 2 have the possibility of

non-SVR in a regimen lor 2d-weeks when the attainment
time of negaivity of serum HOVO RNA is longer than 8
weeks after the initiation of combination therapy. This indi.

caes that paticnis with delayed undetectable HOV - RNA
should be trested fo continue the pegativity of serum HCV
RNA for a prolonged period of 24 wecks o obtain a high
rate of SVR.

IFN-beta should be given intravenously. The intravenous
injection is not convenient for treatment compared io intra-
IEN-heta

related side effecrs are nild amd (ew conpared to combing

musenlar or subeutneous  injection. However.

tion theraps of N alpha od vibavivne S 190 Moreover
NN btz e e ot diserdess e anlder than those in
duced by FEN alpha <3 Thus N betn could be given in
elderly paticnis of 2063 years because ol mild side of
feets €24,

In conclusion, the combination iherapy ol TFN-beta and
ribavirin offers sutliciert safety and clficacy in clironic
hepatitis C patients with genotype 2 and a high virus load.
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Koy words Abstract
entecavir, hepatitis B virus, lamivudine, viral . . . rad
resistance. Background and Aims: To assess the efficacy of switching Japanese chronic hepatitis B

patients from lamivudine monotherapy to entecavir 0.5 mg/day.

Methods: A retrospective analysis was conducted on 134 patients switched to entecavir
between September 2006 and February 2008 for 6 months or more. Patients were divided
into three groups based on viral load at entecavir switching point (baseline < 2.6, 2.6-5.0
and > 5.0 logjo copies/mL).

Results: At baseline, detection of lamivudine-resistant virus was highest in patients with
higher hepatitis B virus (HBV) DNA (76% vs 23% in = 2.6 and < 2.6 logyo copies/mL,
respectively), and in patients with longest previous exposure to lamivudine (52%, 28% and
24% for > 3 years, 1-3 years and < 1 year, respectively). Two years after entecavir switch-
ing, HBV DNA suppression to less than 2.6 log;, copies/mL was achieved in 100% (32/32),
92% (12/13) and 44% (4/9) of patients in the less than 2.6, 2.6-5.0 and more than 5.0 logio
copies/mL baseline groups, respectively. Alanine aminotransferase (ALT) normalization
occurred in 76-96% and 90-100% of patients following 1 and 2 years of entecavir treat-
ment, respectively. One patient (2.6-5.0log,y copies/mL) with lamivudine-resistant
mutants at baseline developed entecavir resistance at week 48 during follow up.
Conclusion: Switching to entecavir 0.5 mg/day achieves or maintains undetectable HBV
DNA levels and ALT normalization over 2 years, especially in patients with viral load less

Accepted for publication 6 October 2009.

Correspondence

Dr Fumitaka Suzuki, Department of
Hepatology, Toranomon Hospital, 2-2-2
Toranomon, Minato-ku, Tokyo 105-8470,
Japan.

Email: fumitakas@toranomon.gr.jp

than 5.0 logo copies/mL.

introduction

Hepatitis B virus (HBV) infection is a serious public health threat
affecting 350-400 million people worldwide, the majority of
whom live in the Asia—Pacific region."? Chronically-infected
people are at risk of developing cirrhosis, liver failure and hepa-
tocellular carcinoma. Studies have suggested that high serum HBV
DNA is a key risk predictor of chronic hepatitis B (CHB) compli-
cations.** Therefore, the main purpose of CHB therapies is to
permanently suppress viral replication and sustain viral suppres-
sion to prevent long-term liver damage.>>$

Lamivudine was the first nucleoside analog to be widely pre-
scribed for CHB patients, mainly due to its antiviral efficacy and
safety profile.? However, lamivudine’s long-term efficacy is dimin-
ished by the emergence of drug-resistant substitutions, generally in
the tyrosine-methionine—aspartate—aspartate (YMDD) motif of
the reverse transcriptase (rt) polymerase gene.” Detection of
lamivudine-resistant HBV substitutions occurs in 15-30% and
70% of patients after 1 and 5 years of treatment, respectively.®
Continuing lamivudine monotherapy in the presence of

892

lamivudine resistance is not recommended because it is no longer
effective in suppressing viral replication.” Furthermore. the initial
improvement in histology and clinical benefits may be reversed
or decreased due to the emergence of lamivudine-resistant
subslitutions.

Antiviral efficacy of entecavir (0.5 mg/day) as first-line therapy
was superior to lamivudine in treatment-naive patients on all viro-
logical, biochemical and histological end-points after 48 weeks of
treatment,'®!* with very low rates of emergence of viral resistance
(1.2% after 5 years of entecavir treatment).'>'® Entecavir has a
high genetic barrier to resistance,'”® requiring multiple substitu-
tions (including YMDD mutations) to express viral resistance.'s!
In agreement with this, entecavir-resistant mutants emerge more
frequently in lamivudine-refractory patients.”?” In a study of
hepatitis B e antigen (HBeAg)-positive lamivudine-refractory
patients with high HBV DNA levels at baseline (mean > 9 logio
copies/mL), switching to entecavir 1 mg/day achieved HBY DNA
suppression to undetectable levels (< 300 copies/mL; 40%,
96 weeks) and alanine aminotransferase (ALT) normalization
(81%, 96 weeks) at higher proportions than continued lamivudine
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monotherapy,” although response to therapy was less pronounced
than in treatment-naive patients with comparable baseline levels of
HBV DNA.%*! The probability of achieving HBV DNA sup-
pression to undetectable levels at 96 weeks with entecavir was
73% in patients whose baseline HBV DNA was less than 7 logo
copies/mL (r = 11), and none of these patients developed entecavir
resistance.?

In a randomized controlled trial of lamivudine-refractory Japa-
nese patients with mean HBV DNA at baseline of 7.6-7.7 logi
copies/mL, switching to entecavir (0.5 or 1 mg/day) for 48 weeks
achieved HBV DNA suppression to below detectable levels in 33%
of patients in the entecavir dose groups, and ALT normalization in
78-86%.** Swiiching o entecavir in patients with evidence of
lamivudine-resistant substitutions and low viral load at switching
point has not been prospectively investigated in Japanese patients.
There are limited data concerning the efficacy of entecavir in
lamivudine-pretreated patients who have not developed lamivu-
dine resistance.

The objective of this study was to assess the efficacy of switch-
ing to entecavir 0.5 mg/day in Japanese lamivudine-pretreated
patients whose HBV DNA levels at switching point (baseline)
ranged from less than 2.6 to 7.6 logp copies/mL, with or without
lamivudine-resistant substitutions.

Methods

Design and setting

A retrospective analysis of a CHB patient population (n = 134) at
Toranomon Hospital (Tokyo, Japan) was performed to identify
patients switched from lamivudine 100 mg/day monotherapy to
entecavir 0.5 mg/day between September 2006 and February
2008, and who had received entecavir for at least 6 months,
Among all patients selected, only one had a history of adefovir
add-on therapy prior to switching to entecavir (case report). Con-
served serum from all patients was analyzed to determine baseline
characteristics and study end-points.

Study end-points

Clinical efficacy of entecavir was assessed as the proportion of
patients achieving HBV DNA suppression to undetectable levels
(< 400 copies/mL or < 2.6 logyy copies/mL), and patients achiev-
ing ALT normalization (normal ALT levels: men 842U/,
women 6-27 IU/L). HBV DNA was measured using the poly-
merase chain reaction (PCR)-based Amplicor HBV Monitor assay
{Roche Diagnostics, Indianapolis, IN, USA; lower limit of detec-
tion of < 2.6 logio copies/mL).” HBeAg loss in patients who were
HBeAg-positive at baseline was also analyzed. Measurements
were made from conserved samples taken at baseline, and after
6 months, 1 and 2 years from entecavir treatment initiation.

Assessment of viral resistance

Conserved serum was used to detect the presence of viral
lamivudine-resistant rtM204V/T substitutions in all patients at
baseline, and following the eatecavir switch in patients treated
with entecavir for at least 6 months. Lamivudine-resistant virus
(@tM204V/1 or YMDD motif substitutions} was analyzed using a
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combination of the quantitative enzyme-linked immunosorbent
assay standardized using a purified Tuenia solium cysticexci frac-
tion (PCR enzyme-linked immunosorbent assay) and the enriched
PCR enzyme linked minisequence assay.?® Direct sequencing of
HBV DNA polymerase reverse transcriptase site was also per-
formed.”” Detection of entecavir-resistant virus was conducted
using direct sequencing of HBV DNA polymerase reverse tran-
scriptase site.”

Data analyses

Statistical comparisons between treatment groups were assessed
using y’-test and Kruskal-Wallis test where appropriate. Calcula-
tions were performed using StatView software (ver. 4.5]; Abacus
Concepts, Berkeley, CA, USA). A two-tailed P-value less than
0.05 was considered statistically significant.

To identify predictive factors of HBV DNA negativity (suppres-
sion to below detectable levels) after 6 months of the entecavir
switch, univariate and multivariate logistic regression analyses
were carried out. Potential predictive factors at baseline included:
sex; age; levels of aspartate aminotransferase (AST), ALT,
albumin, Y-glutamyl transpeptidase, total bilirubin and
o-fetoprotein; platelet count; viral load; liver disease stage (cir-
rhosis or other); family history; HBV genotype; lamivudine treat-
ment duration prior to entecavir switch; HBeAg status; and
lamivudine resistance. Each variable was transformed into cat-
egorical data consisting of two simple ordinal numbers. All factors
that were at least marginally associated with HBV DNA negativity
(P < 0.10) were used in a multiple logistic regression analysis. To
assess relative risk confidence, odds ratio (OR) and 95% confi-
dence interval (CI) were calculated. All analyses were performed
using SPSS T software ver. 11.0 (SPSS, Chicago, IL, USA).

Results

Patient characteristics before switching
to entecavir

Lamivudine-pretreated patients switched to entecavir 0.5 mg/day
(n = 134) were divided into three groups based on their HBV DNA
level at the switching point: HBV DNA of less than 2.6 logwo
copies/mL (n=92), 2.6-5.0 logis copies/mL (r=25) and more
than 5.0 log, copies/mL (r =17) (Table 1). Patients with HBV
DNA levels of more than 5.0 log,e copies/mL had the highest
AST/ALT levels and highest proportion of HBeAg-positive cases
(P < 0.05). These patients had been treated with lamivudine for the
shortest time period compared to patients from the two other
groups (P < 0.05; Table 1).

Viral resistance to lamivudine at baseline

At baseline, lamivadine-resistant rtM204V/I mutant virus was
detected in 23% of patients with HBV DNA of less than 2.6 log:o
copies/mL, compared to 76% in each of the HBV DNA 2.6—
5.0 logio copies/mL and more than 5.0 logy copies/mi groups
(Table 2). In all treatment groups, a higher occurrence of resistant
virus was observed with longer exposure to lamivudine, indepen-
dent of viral DNA levels.

893

© 2010 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd

— 323 —



Switching Japanese patients to entecavir F Suzuki et al.

Table 1 Patient characteristics at point of switching to entecavir (baseline) and entecavir treatment duration

All patients Serum HBY DNA levels by baseline treatment group, logqe copies/mL.
<286 2.6-5.0 >5.0 P*

Patients, n 134 92 25 17
Sex, n maleffemale 94/40 67/25 18/6 8/% 0.08
Age, years' 53 {23-83) 53 (27-83} 50 (32-77) 37 (23-77) 0.036
Bilirubin, mg/dL’ 0.6 (0.2-3.4) 0.6 (0.2-3.4) 0.6 {0.3-1.8) 0.7 {0.3-1.2) 0.53
AST, IULT 24 {13-451) 23 {13-53} 23 (14-50) 37 (14-451} 0.0083
ALT, [U/LT 21 (8-1382) 21 (8-56) 20 (10-111) 46 (9-1382) 0.0002
Albumin, g/dL* 39(2.7-48 392744 40 (3.3-4.8) 3.9 (3.6-4.6) 0.94
Histology, n CH/LC 89/45 56/36 19/6 14/3 0.11
HBeAg, n = 30/104 11/81 5/20 14/3 < 0.0001
HBV DNA, logse copies/mL? <26 (<26-7.6) <26 3.9{2.7-5.0) 6.5 (5.1-7.8) -
Genotype, n A/B/C/unknown 3/9/115/7 2/6/78/6 1/2/22/0 01151 0.87
Treatment duration, months'

Lamivudine 36 (0.5-103) 36 (3-103) 70 {2-89) 17 (0.5-89) 0.009

Entecavi 21 (8-33) 20 (6-33) 24 6-32) 27 (6-33) 0.034

*Comparison of the three patient subgroups using the Kruskal-Wallis test; P < 0.05 was considered statistically significant.

1Data are median (range).

FEntecavir treatment duration is from point of switching.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CH, chronic hepatitis; HBeAg, hepatitis B early antigen; HBV, hepatitis B virus; LC,
liver cirrhosis.

Table 2 rtM204V/l mutant occurrence at baseline of switching to entecavir

Duration of previous lamivudine treatment, years All patients
<1 1-3 =3
Baseline treatment group
< 2.8 logso copies/mL 1/10 {10%)} 4/35 (11%) 16/47 (34%) 23%
2.6-5.0 logso copies/mL 1/5 (20%) 3/4 {75%) 15/16 (94%) 76%
> 5.0 logsp copies/mL 3/6 (50%) 6/7 {86%) 4/4 {100%) 76%
All patients 24% 28% 52% -

Clinical efficacy of entecavir 0.5 mg/day

Switching to entecavir 0.5 mg/day for 1 year resulted in HBV
DNA suppression to undetectable levels in the majority of patients
with HBV DNA below 5.0 logie copies/mL (100% and 96% for
HBV DNA <26 and 2.6-501logi copies/mL, respectively)
(Table 3). This proportion was slightly decreased when previous
lamivudine treatment duration exceeded 3 years in the 2.6-
5.0 logso copiesfmL group. In the HBYV DNA more than 5.0 logo
copies/mL group, approximately half (41%) of the patients
achieved viral suppression after 1 year (Table 3); entecavir’s effi-
cacy seemed to decrease with prolonged previous exposure to
lamivudine, with only 25% of patients having more than 3-year
lamivudine treatment achieving undetectable viral load. Similarly,
after 2 years, HBV DNA suppression was achieved by 100% and
92% of patients in the HBV DNA less than 2.6 and 2.6-5.0 groups,
respectively, and by 44% of patients in the HBV DNA more than
5.0 logio copies/mL group (Table 3).

Among those who failed to suppress viral load, only one case of
virological breakthrough was found (2.6-5.0log copies/mL
group; described under case report). This patient had been previ-
ously exposed to lamivudine for more than 3 years.

894

Alanine aminotransferase levels were normalized in 76-96%
and 90-100% of patients following ! and 2 years of entecavir
treatment, respectively (Table 3). HBeAg loss was observed in
27% (3/11), 20% (1/5) and 29% (4/14) of patients with HBY DNA
of less than 2.6, 2.6-5.0 and more than 5.0 log: copies/mL,
respectively, in the first year.

Lamivudine-resistant substitutions in patients
switched to entecavir

Of the 130 patients who received entecavir treatment for at least
1 year, 11 cases failed to suppress HBV DNA to below less than

. 2.6 logye copies/mL and remained HBV DNA-positive in the first

year (1 and 10 in the HBV DNA 2.6-5.0 and >5.0logyp
copies/mL groups, respectively; Table 3). Serum HBV DNA
analysis confirmed the presence of rtM204V/I substitutions in 10
of these patients, of which six were rtM2041 and three were
rtM204V substitutions (Table 4); the remaining patient (2.6—
5.0log, copies/ml group; previous lamivudine exposure
Syears) carried a mixed type substitution, rtM204I plus
rtM204V. The only HBV DNA-positive patient who did not
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Table 3 Clinical efficacy of entecavir 0.5 mg/day in lamivudine-pretreated patients

End-point by baseline treatment group Duration of entecavir treatment

8 months 1 year

2 years

HBV DNA suppression 1o undetectable levels, n/N (%)

< 2.8 logio copies/mL 90/92 (98%) 89/89 (100%}
Previous lamivudine < 1 year 10/10 (100} 99 (100}
Previous lamivudine 1-3 years 35/35 {100) 35/35 (100}
Previous lamivudine > 3 years 45/47 (96) 45/45 (100}

2.6-5.0 logio copies/mL 24/25 (96%) 23/24 (96%)
Previous lamivudine < 1 year 5/5 (100) 5/5 {100}
Previous lamivudine 1-3 years 474 (100) 4/4 (100)
Previous lamivudine > 3 years 15/16 (94) 14/15 (93)

> 5.0 logio copies/mL 5/17 (29%} 717 {41%)
Previous lamivudine < 1 year 2/6 (33} 3/6 {50)
Previous lamivudine 1-3 years 2/7 (29} 3/7 43)
Previous lamivudine > 3 years 1/4 (25} 1/4 (25)

ALT normalization, n/n (%)

< 2.6 logio copies/mL 88/92 (96%) 83/89 (93%)

2.6-5.0 logiwg copies/mbL 24125 (96%) 23/24 {96%)

> 5.0 logio copies/mL 14/17 (82%) 1317 (76%)

32/32 {100%)
5/5 (100)
14/14 (100)
13/13 (100
12/13 (92%)
3/3 (100)
2/2 {100)
7/8 (88)
419 (44%)
2/4 (50)
2/4 (50}
0/1 ()

32/32 {100%}
12/13 (92%}
910 (90%)

ALT, alanine aminotransferase; HBV, hepatitis B virus.

Table 4 HBV DNA positive rates in patients switched to entecavir 0.5 mg/day for at least 1 year

HBeAg status YMDD motif substitution HBVY DNA positive rate, n/N (%)

Duration of previous lamivudine
treatment, years per patient

Baseline treatment group

< 2.6 logso copies/mL Positive Wild (or none) 0/10 {0%)
YIDD 0/1 (0%)
Negative Wild {or none) 0/58 (0%)
YIDD 0/15 (0%}
YVDD 0/4 (0%}
YIDD + YVDD 0/1 (0%)
2.6-5.0 logy copies/mL Positive Wild (or none) 0/4 (0%}
YIDD + YVDE /1 (100%)
Negative Wild (or none) 0/2 (0%)
YIDD 0/10 (0%}
YVDD 0/6 (0%}
YIDD + YVDD 0/1 (0%)
> 5.0 logio copies/mL Positive Wild (or none} 1/4 (25%)
YIDD 6/9 (67%)
YVDD 1/1 {100%})
Negative YiDD 0/1 {0%!
YVDD 2{2 {(100%)
All patients 11/130 (8%)

n/a
nfa
n/a
nfa
n/a
nfa

5.0
nfa
n/a
n/a
n/a
0.2

05;13;,15,27:3.9 74

0.7
nfa

18,45

YMDD motif substitutions: wild, t204M; YIDD, ri204(; YVDD, rt2G4V; YIDD + YVDD, rt2041 + rt204V.
"Patient with lamivudine-resistant HBV who developed entecavir resistance.
HBeAg, hepatitis B early antigen; HBV, hepatitis B virus; n/a, not available.

carry any detectable lamivudine-resistant substitution had Emergence of entecavir-resistant mutant:

the shortest previous lamivodine exposure (<6 months; case report
Table 4).

Of the 10 patients carrying rtM204 VA substitutions, eight were One patient (2.6-5.0 logy copies/ml group) carrying a mixed
HBeAg-positive; the other two patients were HBeAg-negative and substitution YIDD + YVDD (rtM2041 + rtM204V) developed
carried a lamivudine-resistant rtM204V type substitution. entecavir resistance with a recognized 1tS202G substitution
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Figure 1 Clinical course and evolution of viral polymerase reverse
transoriptaso gone soquongo in a paetient with confirmed rtM204V/
substitutions (YIDD + YVDD) and emerging entecavir resistance substi-
tution (rtS202G). AB014394 was a strain reported by Takahashi et al.®
Two kinds of strains emerged in August 2005 (rtL180M/rtM204V and
tM2041). In October 2007, an additional amino acid substitution
(ntS202G) was detected. ADV, adefovir; ALT, alanine aminotransferase;
ETV, entecavir; LAM, lamivudine. — DNA; = ALT.

(Table 4). Figure 1 describes the clinical course and evolution of
viral DNA sequence. This 37-year-old Japanese man was found to
be seropositive for hepatitis B surface antigen with mild ALT
elevation in December 1998. He was diagnosed with CHB by
peritoneoscopy and liver biopsy (mild hepatitis [A1] and mild
fibrosis [F1]). HBeAg was positive; serum HBY DNA was more
than 7.6 logye copies/mL. Treatment with lamivudine 100 mg/day
was initiated in October 2001, at which time serum HBV DNA
was more than 7.6 logis copies/mL and ALT was 314 IU/L. In
February 2003, adefovir dipivoxil 10 mg/day was added-on to
lamivudine, but failed to decrease HBV DNA load. In January
2005, adefovir was withdrawn; the patient remained on lamivudine
monotherapy. Amino acid substitutions of the rt gene, rtL180M,
rtM204V and rtM204I were detected in August 2005. In October
2006, the patient was switched directly from lamivudine to ente-
cavir 0.5 mg/day without treatment interruption. In February 2007,
ALT levels decreased to within normal values, and serum HBV
DNA was less than 4 logy, copies fmL. However, shortly after,
both ALT levels and HBV DNA began to rise again. In October
2007, amino acid substitutions rtl.180M, rtM204V and rt$202G
were detected.

Predictive factors of HBV DNA negativity

Univariate analyses identified six factors that correlated with
HBV DNA suppression to undetectable levels after 6 months of
the entecavir switch: viral load less than 5 log, copies/mL
(P < 0.001); HBeAg-negative status (P < 0.001); the absence of
lamivudine resistance (P < 0.001); normal AST level (= 33 IU/L;
P=0.008); normal ALT level (men =42TU/L, women
= 27 TU/L; P < 0.001); and chronic hepatitis stage of liver disease
(P =0.069). Multivariate analyses showed that viral load below
Slogw copies/ml. (OR=69.03; 95% CI=13.23-360.09;

F Suzuki et al.

P <0.001) and the absence of lamivudine resistance (OR = 8.17;
95% Cl=1.25-53.34; P =0.028) each independently influenced
entecavir’s efficacy to suppress HBV DNA to undetectable levels
after 6 months,

Discussion

Entecavir is recommended as a first-line CHB treatment by all
major guidelines, due to its antiviral potency and high genetic
barrier to resistance in nucleos(t)ide-naive patients.”>¢ Conversely,
in lamivudine-resistant patients, switching to entecavir is not a
first-choice treatment, due to increased risk of emergence of ente-
cavir resistance on a multiple substitution background.
However, in attemnpts to rescue those with suboptimal antiviral
response and also to avoid the emergence of viral resistance in
responsive patients during their treatment course, switching to
entecavir is recommended by the Japanese Ministry of Health,
Welfare and Labor for lamivudine-pretreated patients with unde-
tectable viral load (< 2.6 logp copies/mL), and for patients with
detectable HBV DNA but without biochemical breakthrough and
lamivudine resistance.? This study provides a unigue opportunity
to evaluate the efficacy of entecavir in a lamivudine-pretreated
population with low viral load at switching point.

The majority of patients with HBV DNA at baseline of less than
5 log)o copies/mL maintained or achieved viral suppression 1 year
after switching to entecavir, despite 23-76% of them carrying
lamivudine-resistant substitutions. A similar trend was maintained
during the second year. Conversely, viral suppression below detec-
tion limits was reported in less than half of patients with high viral
load at baseline (HBV DNA 5.1-7.6 log;e copies/mL) carrying
rtM204V/1 substitutions (76% patients), in agreement with earlier
studies showing diminished entecavir efficacy in lamivudine-
refractory patients with elevated viral load.”>?** In addition, mul-
tivariate analyses revealed that a viral load of less than 5 logio
copies/mL. was an independent predictive factor of HBV DNA
suppression to undetectable levels, after 6 months of entecavir
therapy. Taken together, these data suggest that swiiching to
entecavir is mostly efficacious in patients with low viral load
regardless of the presence of rtM204V/I substitutions. This obser-
vation adds another perspeciive in predicting clinical response to
entecavir in lamivudine-pretreated patients.

Another predictive factor of entecavir’s efficacy in this retro-
spective cohort is the abscnce of lamivudine resistance. This is
consistent with previous research suggesting decreased genetic
barrier of entecavir to resistance in the presence of lamivudine-
resistant substitutions.®® The responsiveness of lamivudine-
resistant patients with low viral load reported here could be
explained by the ability of entecavir to clear low loads of
rtM204V/T mutants. This is suggested by in vitro data showing
maintained sensitivity of lamivudine-resistant mutants to ente-
cavir, although at higher ECso. Assessing the kinetics of tM204V/T
mutants in response to entecavir switching in patients with unde-
tectable viral load is worth further characterization.

Previous studies have shown that developing entecavir resis-
tance is higher in the presence of pre-existing lamivudine-resistant
substitutions.'?1*° Despite the presence of lamivudine-resistant
virus in 23%—76% of all patient groups, the emergence of ente-
cavir resistance was rare, with only one confirmed case from the
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HBV DNA 2.6-5.0 logy copies/mL group. This patient’s history is
suggestive of a typical refractory case, with failure of multiple
regimens including the combination of lamivudine plus adefovir
(Fig. 1). The low entecavir resistance rate in this study may be due
to the relatively short treatment period and small sample size.
Further follow up will be required to monitor for subsequent
emergence of entecavir resistance in these patients.

One could argue whether it is cost-effective to switch all
lamivadine-treated patients with undetectable HBV DNA to ente-
cavir. The GLOBE study demonstrated that although fewer
lamivudine-treated patients with undetectable HBV DNA at week
24 developed viral resistance, resistance could still occur after
2 years of treatment (9% and 5% of HBeAg-positive and HBeAg-
negative patients, respectively).! Moreover, Yuen and collabora-
tors also reported that of lamivudine-treated patients who achieved
HBYV DNA suppression below 200 copies/mL at week 24, 8.3%
developed resistance after 5 years.? In countries where medicine
access is an issue, further studies are needed to evaluate the cost-
effectiveness of entecavir switching of all patients with undetect-
able viral load, versus switching only those at risk of developing
viral resistance. Comparative studies integrating the efficacy and
safety of standard adefovir add-on versus switching to entecavir
monotherapy are also warranted in these patients.

Study limitations should be considered. This is a retrospective
analysis of CHB patients which, in the absence of matching con-
trols, may introduce confounding errors and bias. Specifically, a
control arm for the HBV PCR-negative group (< 2.6 log;o copies/
mL; n=92) would be required to strengthen study conclusions.
Another limitation is the small sample size of the intermediate and
high HBV DNA cohorts (25 patients with 2.6-5.0 log; copiesfmL.,
and 17 patients with > 5.0 log,y copies/mL, respectively); adding
more patients to these samples as available would add weight to
describing higher number entecavir response and resistance rates
in these groups.

In conclusion, this study shows that the efficacy of switching
from lamivudine to entecavir 0.5 mg/day is highest for Japanese
patients with no rtM204V/I substitutions and a viral load of less
than 5 logo copies/mL, independent of their previous exposure to
lamivudine. Efficacy is decreased for patients with réM204V/I
substitutions and low viral load, and is lowest for patients with
tM204V/1 substitutions and high viral load. Viral resistance to
entecavir after 48 weeks is rare in these patients. Multivariate
analyses showed that viral load of less than 5 log;o copies/mL and
the absence of lamivudine resistance are independent factors pre-
dicting entecavir’s efficacy to reduce HBV DNA to undetectable
levels after 6 months of treatment. ’
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Abstract

Background/Aims: The recurrence rate of hepatitis B virus (HBV)-related
hepatocellular carcinoma (HCC) is high even in patients receiving curative
therapy. In this study, we analysed the risk [actors for lumour recurrence after
curative therapy for HBV-related FCC while under treatment with nucleot-
(s)ide analogues (NAs) by measuring serum HBcrAg and intrahepatic
covalently closed circular DNA (cccDNA) levels to elucidate the viral status
associated with HCC recurrence. Methods: We enrolled 55 patients who
developed HCC during NA therapy and underwent either curative resection
or percutancous ablation for IICC. Results: llepatocellular carcinoma re-
curred in 21 (38%) of the patients over a period of 2.2 (range, 0.2-7.4) years.
In multivariate analysis, serum HBcrAg levels >4.8log U/ml at the time of
HCC diagnosis (hazard ratio, 8.96; 95% confidential interval, 1.9441.4) and
portal vein invasion (3.94, 1.25-12.4) were independent factors for HCC
recurrence. The recurrence-free survival rates of the high cccDNA group were
significantly lower than those of the low cccDNA group only in patients who
underwent resection (P =0.0438). A positive correlation (P =0.028; r=0.479)
was observed between the intrahepatic cccDNA and the serum HBcrAg levels
at the incidence of HCC. Conclusion: HBcrAg is a predictor of the post-
treatment recurrence of HCC during antiviral therapy. Serum HBcrAg and
intrahepatic cccDNA suppression by NAs may be important to prevent HCC

recurrence.

Worldwide, an estimated 400 million people are infected
with hepatitis B virus (HBV) persistently, and one
million people die of decompensated cirrhosis and/or
hepatocellular carcinoma (HCC) annually (1, 2). Re-
cently, oral nucleol(s)ide analogues (NAs) have been
used as Lhe mainstay therapeutic stralegy against chronic
hepatitis B. Five such antiviral agents have been ap-
proved, and range in the profundity and rapidity of
HBV DNA suppression, barrier to resistance and side-
effect profile (3-10). Lamivudine (LAM) was the first NA
Lo be approved for treating chronic hepatitis B, followed by
adefovir dipivoxil (ADV) and entecavir (E1V), in Japan.
However, a major problem with long-term LAM treatment
is the potential development of drug resistance, mainly
caused by mutation of the thyrosine-methionine-aspartic
acid—aspartic acid (YMDD) motif of reverse transcriptase
(11, 12). For prevenling breakthrough hepatitis induced by
LAM-resistant mutants, additional ADV administration
has been recommended (13, 14).

The methods for monitoring the treatment response
include measurements of the serum alanine transaminase
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© 2010 John Wiley & Sons A/S

(ALT) levels, HBV DNA levels, HBeAg and antibody
levels, HBsAg and antibody levels and liver histology.
Other serum markers have been reported to be useful for
monitoring the effect of antiviral therapy (15, 16).
Recently, a new assay was developed for detecting the
[iBcrAg, consisting of HBcAg, HBeAg and a 22kDa
precore protein coded with the precore/core gene
(17, 18). Because NAs have no inhibiting action on the
transcription and translation activities of viral mRNA,
HBcAg- and HBeAg-related proteins continue to be
produced for a certain period of time in spite of the
achievement of adequate suppression of the viral DNA
synthesis. Therefore, HBcrAg is a viral marker indepen-
dent of HBV DNA for monitoring the antiviral effect of
NAs (19). In addition, recenl reports have indicated
another interesting aspect of serum HBcrAg levels: these
levels were found Lo be correlated with inlrahepatic
covalently closed circular DNA (cccDNA) levels and
could be a surrogate marker of the intrahepatic cccDNA
pool (20, 21). This phenomenon may be explained by the
fact that the production of HBcrAg depends on the
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Patients with chronic hepatitis B who received NAs ]

(n=1149)

L |

Patients who developed HCC (n=68)

[ Patients with HCC who underwent TACE}
(n=10)

Patients who underwent surgical resection or local ablation therapy for HCC

(n=55)

Fig. 1. The study protocol. HCC, hepatocellular carcinoma; NAs, nucleot(s)ide analogues; TACE, transcatheter arterial chemoembolization.

transcription of mRNA from cccDNA, and that cccDNA
still remains in high levels during treatment with NAs.

Although patients with HBV-related cirrhosis have a
significantly high risk of developing HCC, NA therapy
can delay the progression of liver disease and reduce the
risk of HCC in patients with cirrhosis by strong viral
suppression (22, 23). Nevertheless, a few cases develop
HCC during NA therapy at a constant rate (3-12%) (22,
24-26). The recurrence rate of HBV-related HCC after
curative resection is estimated to be high, and is asso-
ciated with viral factors, including HBeAg positivity and
the viral load before surgery, besides host and tumour
factors, but these findings were demonstrated in the
absence of antiviral therapy (27-30). However, almost
all patients, receiving NAs, showed negativity of serum
HBV DNA. And so, we made the hypothesis that
intrahepatic viral status, such as intrahepatic cccDNA
and serum HBcrAg levels of its surrogate maker,
might have an impact on tumour recurrence during NA
therapy.

In this study, we examined the risk factors for tumour
recurrence after curative resection and ablation for HBV-
related HCC during NA therapy by measuring the serum
HBcrAg and intrahepatic cccDNA levels with the aim to
elucidate the viral status, persistent despite suppressive
therapy, associated with HCC recurrence, in addition to
the host and tumour factors reported in the past.

Patients and methods

Patients

Over a period of 13 years, from September 1995 to
September 2008, 1149 patients with chronic hepatitis B
received NA therapy, including LAM, ADV and ETV, at

the Department of Hepatology, Toranomon Hospital,
Metropolitan Tokyo. Of the 1149 patients, 65 developed
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HCC after the start of NA therapy from February 2001 to
June 2009. Of the 65 consecutive patients, 55 underwent
radical therapy, including either resection or percuta-
neous ablation as the initial therapy for HCC. These 55
patients were enrolled in this cohort study (Fig. 1). The
median duration from the start of NA therapy to the
development of HCC was 2.2 (range, 0.2-7.4) years. The
exclusion criteria were (i) patients co-infected with
hepatitis C, delta or human immunodeficiency virus
and (ii) a history of other liver diseases such as auto-
immune hepatitis, alcoholic liver disease or metabolic
liver disease.

The diagnosis of HCC was predominantly based on
imaging, including dynamic computed tomography,
magnetic resonance imaging and/or digital subtraction
angiography. When the hepatic nodule did not show the
typical imaging features, fine needle aspiration biopsy
was performed, followed by histological examination and
diagnosis. The physicians and surgeons usually discussed
the preferred choice of treatment for each patient.
Hepatic resection was mainly performed for patients
categorized as Child—Pugh grade A or B liver function,
and had no serious complications. Percutaneous ablation
was performed for patients with surgical contraindica-
tions or for those who did not prefer to undergo hepatic
resection by using two different devices: the cool-tip
system (Tyco Healthcare Group LP, Burlington, VT,
USA) and the radiofrequency tumour coagulation sys-
tem (RTC system; Boston-Scientific Japan Co., Tokyo,
Japan). The term curative treatment was used to indicate
that no tumours were left in the remnant liver, irrespec-
tive of the width of the margin around the tumour,
confirmed using intra-operative ultrasonography, com-
bined ultrasonography and dynamic computed tomo-
graphy 1 month after the resection or ablation. Serum
samples were collected from all patients before and after
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the treatment for HCC and stored in —80°C. Liver
tissue from patients who underwent resection was col-
lected, rapidly frozen and stored in —80°C. Written
informed consent was obtained from each patient. The
study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki, as reflected in a priori
approval by the institution’s human research committee.

Antiviral therapy

Forty-seven patients received 100 mg LAM daily, and
drug-resistant YMDD mutants developed in 26 (55%)
of these patients, accompanied by an increase in HBV
DNA >1llogcopies/ml. Seventeen of the 26 patients
received 10 mg ADV in addition to LAM (100 mg) daily.
The remaining nine continued to receive LAM mono-
therapy because of the lack of approval for ADV admin-
istration in Japan at the time, but received ADV with
LAM after approval was obtained during the HCC post-
treatment  period. Fight NA-najve patients received
0.5mg ETV daily. These antiviral therapies were contin-
ued after the resection or percutaneous ablation.

Follow-up and HCC recurrence

The paticnts were followed for liver function and virolo-
gical markers of HBV infection monthly, as well as blood
counts and tumour makers including a-fetoprotein and
des-y-carboxylprothrombin. They also underwent ultra-
sonography or helical dynamic computed tomography
every 3 months. Cirrhosis was diagnosed by laparoscopy
or liver biopsy or by the clinical data, imaging modalitics
and portal hypertension. The median observation period
after HCC treatment for the entire cohort was 2.7 years
(range, 0.3-8.4 years). HCC recurrence was diagnosed by
the typical hypervascular characteristics on angiography
and/or histological examination with fine needle biopsy
specimens, in addition to certain features on computed
tomography and ultrasonography.

Markers of HBV infection

HBecAg was determined by enzyme-linked immunosaor-
bent assay using a commercial kit (HBeAg EIA; Insti-
tute of Immunology, Tokyo, Japan). HBV DNA was
quantitated using the Amplicor monitor assay (Roche
Diagnostics, Tokyo, Japan) with a dynamic range
over 2.6—7.6logcopies/ml or COBAS TagMan HBV
v.2.0 (Roche Diagnostics) with a dynamic range over
2.1-9.0log copies/ml. Serum HBV DNA levels were mea-
sured using the Amplicor assay at both the start of NA
therapy and the diagnosis of HCC and using the TagMan
assay at the diagnosis of HCC. For slatistical analysis, the
value of that HBV DNA was tentatively set at 2.1 if HBV
DNA levels were under 2.1log copies/ml. HBV genotypes
were determined serologically by the combination of
epitopes expressed on the pre-S2 region product, which
is specific for cach of the seven major genotypes (A-G),
using a commercial kit (1IBV Genotype LIA; Institute of

Liver International (2010)
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Immunology). YMDD mutants were determined by
polymerase chain reaction-based enzyme-linked mini-
sequence assay using a commercial kit (Genome Science
Laboratories, Tokyo, Japan).

HBcrAg measurement

Serum HBcrAg levels were measured using a CLEIA
HBcrAg assay kit (Fujirebio Inc., Tokyo, Japan) with a
fully automated analyser system (Lumipulse System;
Fujirebio Inc.) as described previously (21). In brief,
150 1] of serum was incubated with 150l of pretreat-
ment solution containing 15% sodium dodecyl sulphate
at 60 'C for 30min. After heat treatment, 120l of
pretreated specimen was added to a ferrite microparticle
suspension in an assay cartridge. Ferrite particles were
coated with monoclonal antibody mixture (HB44, HB61
and HB114) against denatured HBcAg, HBeAg and the
22kDa precore protein. After 10 min of incubation at
37 °C and washing, further incubation was carried out
for 10 min at 37 °C with alkaline phosphatase conjugated
with two kinds of monoclonal antibodies (HB91 and
HB110) against denatured HBcAg, HBeAg and the
22kDa precore protein. Afier washing, 200 pl of sub-
strate solution [3-(2’-spiroada-mantan)-4-methoxy-4-
(3'-phosphoryloxy)pheny1-1,2-dioxetane disodium salt]
(Applied Biosystems, Bedford, MA, USA) was added to
the test cartridge, which was then incubated for 5 min at
37°C. The relative chemiluminescence intensity was
measured, and the HBcrAg concentration was calculated
by a standard curve gencrated using a recombinant pro-
HBeAg (amino acids — 10 to 183 of the precore/core
gene product). The HBcrAg concentration was expressed
in U/ml, which is defined as the immunoreactivity of
10 fg/ml of recombinant pro-HBeAg. In this study, the
[1BcrAg values were expressed as log U/ml, and the cut-off
value was sel at 3.0log U/ml. For the statistical analyses,
HBcrAg-negative cases were calculated as 3.0log U/ml.

Intrahepatic cccDNA measurement

Intrahepatic cccDNA levels were analysed as described
previously (21). In brief, liver specimens surrounding the
tumour tissue were obtained and stored at —80°C
before DNA extraction. HBV DNA was extracted using a
QIAamp DNA Mini Kit (Qiagen KK, Tokyo, Japan). The
concentration of purified DNA was based on the absor-
bance at 260nm. For this study, two oligonucleotide
primers cccF2 (5'-cgtctgtgecttcteatctga-3’, nucleotides
1424-1444) and cccR4 (5'-gcacagcttggaggcttgaa-3', nu-
cleotides 1755-1737) and probe cccP2 (5'-VIC-accaatttat
acctacag-MGB-3', nucleotides 1672-1655) were designed
using PRIMER EXPRTSS software (Applied Biosystems, Foster
Cily, CA, USA) to flank the direct repeat region belween
the hepatitis B core and the polymerase gene. The use of
cccF2 and cccR4, oligonucleotide primers spanning
the direct repeat region of the HBV genome, allows
the polymerase chain reaction of native viral DNA in the
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Dane particle to block the amplification of products,
because the partially double-stranded HBV DNA is
disrupted in the direct repeat region. Twenty-five micro-
litres of extracted DNA (0.5 ug) was detected with the
sequence detector system (ABI 7900HT; Applied Biosys-
tems) in 50l of a PCR mixture containing TagMan
universal PCR Master Mix (Applied Biosystems),
300nmol of each primer and 250 nmol of the probe.
After initial activation of uracil-N-glycosylase at 50 °C for
2min, AmpliTaq Gold (Applied Biosystems) was acti-
vated at 95 °C for 10 min. The subsequent PCR condi-
tions consisted of 45 cycles of denaturation at 95 °C for
155, and annealing and extension at 60 °C for 90s per
cycle (SRL Inc., Tokyo, Japan).

Statistical analyses

Standard statistical measures and procedures were used.
Correlations between two variables were tested using
Pearson’s correlation analysis. Cox regression analysis
was used to assess significant associations of the risk
factors with tumour recurrence after HCC treatment. All
factors found to be at least associated with recurrence
(P < 0.05) were tested by multivariate analysis. Indepen-
dent factors, associated with HCC recurrence, were
calculated using stepwise Cox regression analysis. The
cumulative recurrence-free survival rates after HCC
treatment were analysed using the Kaplan—Meier meth-
od, and differences in the curves were tested using the

Hosaka et al.

log-rank test. A P value of < 0.05 in a two-tailed test was
considered significant. Data analysis was performed with
spss version 11.0 (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics at the start of NA therapy and
HCC incidence

Table 1 presents a comparison of the patient character-
istics at the start of NA therapy and the time of HCC
diagnosis. Almost all the patients (93%) enrolled in this
study had HBV genotype C. One patient had genotype B,
and the genotypes of three patients could not be deter-
mined. The rate of HBV DNA disappearance from serum
in all the patients was 64% (35/55; Amplicor monitor
assay, < 2.6logcopies/ml) and 51% (28/55; TagMan
assay, < 2.1log copies/ml), that of aspartate aminotrans-
ferase (AST) normalization (< 32TU/L) was 56% (31/
55) and that of ALT normalization (< 42 TU/L) was 71%
(39/55) at the incidence of HCC. YMDD mutants were
detected in 30 of 47 patients at the beginning of LAM
monotherapy, and virological breakthrough (VBT), ac-
companied by an increase in HBV DNA (> 1log copies/
ml), occurred in 26 patients with YMDD mutants by the
diagnosis of HCC. Seventeen of these patients received
ADV with LAM. No resistant mutation to ADV
(rtA181T/S, rtN236T) occurred in patients receiving the
combination therapy. Further, no drug-resistant mutant

Table 1. Patient characteristics at the start of nucleot(s)ide analogue therapy and the incidence of hepatocellular carcinoma

Characteristics Start of NA therapy Time of HCC Dx
Age (years) 51(32-73) 54 (35-75)
Gender (male:female) 45:10 45:10
AST level (IUL) 69 (27-195) 31(16-207)
ALT level (IU/L) 78 (23-368) 29 (10-267)
Platelet count (10%/mm?) 11.4(3.1-31.3) 12.9(3.6-30.1)
Serum albumin level (g/dl) 3.8(3.1-4.4)
Serum bilirubin level (mg/dl) 0.9(0.4-2.4)
Prothrombin time (%) 90.8 (59-112)
Indocyanine green retention rate at 15 min (%) 14.5 (4-53)
Child-Pugh (A:B) 49:6
HBV genotype
C 51(93%) 51(93%)
Others 4 4
HBeAg (+) 29 (53%) 23 (42%)
HBV DNA (log copies/ml) 712610 >17.6) <2.1(<2.1t08.5)

HBcrAg level (log U/ml)

Antiviral agents (LAM:LAM+ADV:ETV)

Duration of NA therapy before the incidence of HCC (years)
o-fetoprotein level (ng/dl)

Des-y-carboxylprothrombin level (mAU/ml)

Tumour diameter (mm)

Tumour number (solitary:multiple)

Portal vein invasion (positive:negative)

TNM stage (kIE:0EIV)

HCC treatment (resection:ablation)

6.6(3.3tc >6.8)
47:0:8

6 (2-263)

50(<3.0to > 6.8)
30:17:8
2.2(0.2-7.4)
4(1-282)

22 (< 10-933)

22 (7-60)

50:5

49:6

25:24:5:1

37:18

Values are expressed as the median and range (parenthetically) or the number and percentage (parenthetically).

ADV, adefovir dipivoxil; ETV, entecavir; HBY DNA, hepatitis B virus DNA; HCC, hepatocellular carcinoma; LAM, lamivudine; NA, nucleot(s)ide analogues.
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was detected in the NA-naive patients receiving ETV
monotherapy.

Correlation between serum HBcrAg and serum HBV
DNA levels at the incidence of HCC

The median serum HBcrAg value was 6.6log U/ml
(range, 3.3 to > 6.8) at the start of NA therapy and
5.0log U/ml (range, < 3.0to > 6.8) at the time of HCC
diagnosis. We observed a positive correlation (P < 0.001;
r=0.610) between the levels of HBcrAg and HBV DNA
in serum at the time of HCC diagnosis (Fig. 2A).
HBcrAg was detectable in 23 (82%) of 28 patients with
undetectable FIBV DNA levels using TagMan assay and
was > 4.8logU/ml in eight (29%) of 28 patients. In
contrast, serum HBV DNA was detectable in spite of
undetected HBcrAg in only two patients. Then, we
examined the correlation between the serum HBcrAg
levels at the time of HCC diagnosis and the antiviral
effect. The median duration of on-treatment undetecied
serum HBV DNA was 1.1 years (range, 0.1-4.8) before
the first diagnosis of HCC. As shown in Figure 2B, we
observed a significant negative correlation between
the levels of I1BcrAg in serum al the lime of HCC
diagnosis and the duration of undetected HBV DNA in
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serum just before the first diagnosis of HCC (P < 0.001;
r=—0.568).

Factors associated with HCC recurrence

Hepatocellular carcinoma recurred in 21 (38%) of the 55
patients, 17 (46%) of 37 patients who had undergone
resection and four (22%) of 18 patients who had under-
gone ablation. Because a proportion of patients who had
undergone resection with TNM Stage II or over (24 of 37
patients) was greater than ablation (six of 18), there were
more patients who had HCC recurrence after resection
than ablation. Bight factors were associated with the
recurrence in univariate analysiss HBeAg positivity at
the start of NA therapy, HBV DNA > 2.1log copies/ml,
HBcrAg level >4.8log U/ml, AST level >50IU/L, ALT
level >401U/L, tumour multiplicity, portal vein invasion
at the time of HCC diagnosis and HCC treatment. In the
multivariale analysis, 11BcrAg level >4.8logU/ml and
portal vein invasion were independent risk factors for the
recurrence of HCC ('Lable 2). The cumulative recurrence-
free survival rates in patients with >4.8log U/ml HBcrAg
levels at the time of HCC diagnosis were 70% at 1 year,
35% al 3 years and 28% at 5 years. In contrast, the rates in
patients with < 4.8log U/ml HBcrAg levels were 96% at
1 year, 89% at 3 yearsand 89% at 5 years. The recurrence-
free survival rates of the high 11BcrAg group (>4.8log
U/ml) were signilicanlly lower than those of the low
HBcrAg group (< 4.8log U/ml; P << 0.001), as shown in
Figure 3A. Then, the cumulative recurrence-{ree survival
rales in patients with >2.1logcopies/ml HBV DNA
levels at the time of HCC diagnosis were 70% at 1 year,
44% at 3 years and 39% al 5 years. In contrast, the rates in
patients with < 2.1log copies/ml 1BV DNA levels were
93% at 1 year, 76% at 3 years and 76% at 5 years. The
recurrence-(ree survival rates of the positive FIBY DNA
group (=>2.1log copies/ml) were significantly lower (han
those of the negative HBV DNA group (< 2.1logcopies/
ml: P=0.007), as shown in Figure 3B. The cumulative
recurrence-free survival rates were 33% at 1 year and
33% at 2 years with portal vein invasion, and 87% at 1
year, 73% at 2 years and 64% at 3 years without invasion.
Three of the six patients with portal vein invasion died of
recurrent HCC.

Correlation between intrahepatic cccDNA and serum
HBV DNA levels at the incidence of HCC

We measured intrahepatic cccDNA using liver specimens
from 22 of 37 patients who underwent resection. The
median intrahepatic cccDNA value was 4.2log copies/iig
(range, 3.0-5.0). As shown in Figure 4A and B, we
observed significant positive correlations between the levels
of intrahepalic cccDNA and 1IBVY DNA in serum
(P=0.019; r=0.486) and between the levels of intrahepa tic
cccDNA and HBcrAg in serum at the time of HCC
diagnosis (P=0.028; r=0.479). Twenty-cight palienls
who underwent resection had early- or intermediate-stage
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Table 2. Risk factors for hepatocellular carcinoma recurrence

Hosaka et al.

Univariate analysis Multivariate analysis

Factors Hazard ratio (95% Cl) P Hazard ratio (95% Cl) P
Start of NA therapy

Age (=50 years) 1.79(0.65-4.91) 0.257

Gender (female) 0.98(0.32-2.97) 0.981

HBeAg(+) 2.85(1.03-7.88) 0.044

HBV DNA (> 6.0log copies/mi) 1.75 (0.50-6.07) 0.378

AST level (=501UL) 1.09 (0.42-2.85) 0.862

ALT level (> 701UL) 1.09 (0.42-2.85) 0.862

Platelet count (< 1.2 x 10° cells/mm?) 2.56 (0.96-6.85) 0.061

a-fetoprotein level (> 100 ng/mi) 0.99 (0.13-7.66) 0.996
Time of HCC diagnosis

Duration of NA therapy (=2 years) 1.19(0.49-2.88) 0.698

HBeAg(+) 1.53 (0.63-3.70) 0.343

HBV DNA (> 2.1log copies/ml) 3.36(1.32-8.55) 0.011

HBcrAg level (>4.8log U/ml) 10.6 (2.45-46.1) 0.002 8.96 (1.94-41.4) 0.005

YMDD mutants (present:absent) 0.84 (0.35-2.03) 0.838

AST level (=501U/L) 2.44(1.01-5.89) 0.047

ALT level (>401UL) 2.44(1.01-5.87) 0.047

Platelet count (< 10 cells/imm?®) 2.20(0.81-6.02) 0.123

Serum albumin level (< 3.5 g/dI) 1.39(0.53-3.63) 0.505

Serum bilirubin level (= 1.5 mg/di) 1.11(0.62-2.00) 0.713

Prothrombin time (< 80%) 2.23(0.51-9.82) 0.286

Child-Pugh (B) 0.70 (0.16-3.04) 0.634

Indocyanine green retention rate at 15 min (>30%) 0.58 (0.17-1.99) 0.389

a-fetoprotein level (> 100 ng/ml) 1.81(0.74-4.44) 0.194

Des-y-carboxylprothrombin level (> 100 mAU/ml) 2.09(0.81-5.39) 0.129

Tumour size (=21 mm) 2.02 (0.81-5.07) 0.133

Tumour number (multiple) 3.94(1.29-12.1) 0.016

Portal vein invasion 5.39(1.69-17.2) 0.004 3.94 (1.25-12.4) 0.019
TNM stage (=1I) 2.08 (0.85-5.10) 0.110

HCC treatment (resection) 3.10(1.05-9.09) 0.041

The bolded numbers: statically significant.

ALT, alanine transaminase; AST, aspartate aminotransferase; Cl, confidence interval; HBV DNA, hepatitis B virus DNA; NA, nudeot(slide analogues;

YMDD, thyrosine-methionine—aspartic acid-aspartic acid.

HCC (tumour diameter < 50mm, absence of vascular
invasion and well/moderately differentiated). In 17 of these
patients, the intrahepatic cccDNA levels were measured
using the resected specimens. The recurrence-free survi-
val rates of the high cccDNA group (= 4.3log copies/pg)
were significantly lower than those of the low cccDNA
group (< 4.3logcopies/pg; P=0.0438), as shown in
Figure 4C.

Comparison of the serum HBcrAg levels and the patient
characteristics

We examined whether the serum HBcrAg levels at the
time of HCC diagnosis were correlated with the baseline
parameters before antiviral therapy. The HBcrAg levels
were compared with the baseline HBeAg-positive and
HBeAg-negative status and with the baseline HBV DNA
levels >6.0log and < 6.0logcopies/ml (Fig. 5). The
HBcrAg levels were significantly higher in patients
who were positive for HBeAg (median value: 5.6 vs.
3.6log U/ml; P=0.001) and the baseline HBV DNA levels
> 6.0log copies/ml (median value: 5.2 vs. 3.3log U/ml;

— 334 —

P=0.012). There was no correlation between the other
baseline parameters at the start of NA therapy and the
serum HBcrAg levels at the time of HCC diagnosis. Then,
we examined whether the serum HBcrAg levels at the
time of HCC diagnosis were associated with on-treat-
ment drug resistance during antiviral therapy. Figure 6
shows the comparison of the serumn HBcrAg levels at the
time of HCC diagnosis with or without the emergence of
YMDD mutants and VBT before the development of
HCC. The HBcrAg levels were marginally higher in
patients with emergent YMDD mutants (median value:
5.2 vs. 3.8logU/ml; P=0.051) and significantly higher
in those with VBT (median value: 5.2 vs. 3.9log U/ml;
P=0.006). There was no correlation between serum
HBcrAg at the time of HCC diagnosis and age of patients
or tumour factors.

Discussion

In this study, we examined whether the intrahepatic
cccDNA and HBcrAg levels as substitutes for cccDNA
are associated with HCC recurrence in patients who
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Fig. 3. (A) Kaplan-Meier life table for the curnulative recurrence-
free survival rates by the serum HBcrAg levels and comparison by
the log-rank test. (B) Kaplan—Meier life table for the cumulative
recurrerice-free survival rates by the serum hepatitis B virus DNA
(HBV DNA) levels at the time of hepatocellular carcinoma (HCC)
diagnasis for cach patient and comparison by the log-rank test.

developed [ICC afler the commencement of NA therapy
and underwent radical therapy for HCC. The recurrence
rates of HCC were high in patients with high levels of
intrahepatic cceDNA and serum MBerAg. In particular,
HBcrAy levels were measurable by using serum samples
and clinically useful.

Nucleol(s)ide analogucs, including LAM, ADV and
ETV, are widely used for the treatment of chronic
hepatitis B, and reportedly reduce the development of
HCC in such patients (22, 23). Although few cvents of
HCC development occur during NA therapy (24-26),
analysis of a large number of patients is needed to
examine the risk factors for HCC. We could clarify the
risk factors associated with the development of primary
HCC after radical therapy by cnrolling patients who
underwent radical therapy for HCC in spite of their
small number. High HBV loads in serum have been
reported to be associated with HCC recurrence after
resection or radical therapv in NA-naive patients
(27-31), but no study has demonstrated the viral risk
factors of recurrence in patients receiving NAs. The
novel finding of this study is that serum HBcarAg and
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Fig. 4. (p) Correlation between intrahepatic covalently closed
circular DNA (cccDNA) and serum hepatitis B virus DNA (HBV DNA)
levels at the time of hepatocellular caranoma (HCC) diagnosis for
each patient who underwent resection (n=22). (B) Correlation
between intrahepatic cccDNA and serum HBcrAg levels at the time
of HCC diagnosis. (C) Kaplan-Meier life table for the cumulative
recurrence-free survival rates by the intrahepatic cccDNA levels in
patients with early- or intermediate-stage HCC (n=17).

intrahepatic cccDNA levels are predictors of 1 1CC recurrence
in patients radically treated for HCC during NA therapy.

In this study, the serum HBV DNA levels at the time of
HCC diagnosis were associated with recurrence by uni-
variate analysis. However, the serum HBcrAg level was
the only viral factor associated with recurrence in multi-
variate analysis. There are two possible reasons for the
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