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Table 3 Clinical efficacy of entecavir 0.5 mgfday in lamivudine-pretieated patients

End-point by baseline treatment group

Duration of entecavir treatment

6 months 1 year 2yeurs
HBV DNA suppression to undetectable levels, /N (%}

< 2.6 logss copres/mL 90792 (98%) 89/89 (100%) 32/32 (100%)
Previous lamivudine < 1 year 1010 (100} 9/9 (1001 5/6 (100}
Previous lamivuding 1-3 years 35/36 (100} 35/35 (100) 14/14 (100}
Previous lamivudine > 3 years 45¢47 (96) 45/45 (100) 13713 {100)

2.6-5.0 logw copies/mL 24/25 (96%) 23/24 (96%) 12/13 (92%)
Previous lamivudine < 1 year 5/5 {100} 5/56 (1001 3/3 {100
Previous lamivudine 1-3 years A4/4 (100) 444 {100) 2/2 (100}
Previous larivudine > 3 years 15/16 (94) 14/15 {93) 7/8 (88}

> 5.0 log: copres/mL 5/17 {29%) 77 41%) 479 (44%)
Previous lamivudine < 1 year 2/6 (33) 3/6 (50} 2/4 50)
Previous lamivudineg 1-3 years 2/7 129} 377 143) 214 (50)
Previous lamivudine > 3 years 1/4 {25) 1/4 (25} 071 (o)

ALT normalization, #/n (%)
< 2.6 loghy copres/mb
2.6-5.0 logwe copies/mL
> 5.0 logis copies/mL

88/92 (96%)
24/25 (96%)
14117 (82%;)

83/89 (93%)
23/24 (96%)
13/17 (76%)

32/32 (100%)
12413 (92%)
9/10 {90%)

ALT, alanine aminotransferase; HBV, hepatitis B wvirus.

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

HBeAg status

YMOD meotif substitution

HBV DNA positive rate, n/N (%]

Duration of previcus lamivudine
treatment, years per patient

Baseline treatment group

< 2.6 log:c copies/ml Positive Wild {or none)
YIDD
Negative Wild {or nonel
YIDD
YVDD
YIDD + YVDD
2.6-5.0 logio copies/mL Positive Wiid (or none)
YIDD + YVDD
Negsative Wiid {or nane)
YIDD
YVOD
YiDD + YVDD
> 5.0 log-¢ copies/mL Positive Wild (or none}
YioD
YVDD
Negative YIDD
YVDD

All patients

0/10 (0%) nfa

0/1 (0%} nfa
0/58 (0%} n/a
0/15 (0% nia

0/4 (0%) n/a

0/1 (0%) nla

0/4 (0%)

141 (100%)' 50

0/2 (0%) n/a
0/10 {0%) n/a

0/6 (0%} n/a

0/1 {0%) rja

1/4 {25%) 0.2

6/9 (67%) 0513152739 74

1/1 1100%!) 0.7

01 (0%) n/a

2{2 (100%) 1.8.45

117130 (8%)

YMDD motif substitutions: wild, rt204M; YiDD, nt204l; YVDD, rt204V; YiDD + YVDD, n2041 + n204v.
'Patient with lamivudine-resistant HBV who developed entecavir resistance.

HBeAg, hepatits B early antigen, HBV, hepatitis B virus; n/a, not available.

carry any detectable lamivudine-resistant substitution had

the  shortest  previous  lamivudine

Table 4).

exposure (< & months;

Emergence of entecavir-resistant mutant:

case report

Of the 10 patients carrying tM204V/T subslitutions, eight were
HBeAg-positive; the other two patients were HBeAg-negative and
carried a lamivodine-resistant tM204V type substitution,
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One patient (2.6-5.0 logye copies/mL group) carrying a mixed
substitution YIDD + YVDD  (ntM2041 + tM204V) developed
entecavir resistance with a recognized nS202G  substiwtion
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Jul-2001 Jan-2002  Jan-2003 Jan-2004 Jap-2005 Jan-2006  Jun-2007 J20-2008

Auning acid (reverse transcriptuse) 202 204 21223 229

AB114394 CLAFSYMDDVVLG FTSVTNFLLS
(1] February 2003 oo _——
{2] Auguse 2005

i3] Octoher 2007

Figure 1 Clinical course and evolution ¢f viral polymerase reverse
transcriptase gene sequence in a patient with confirmed rtM204V/
substitutions (YIDD + YVDD} and emerging entecavir resistance substi-
tution (MS202G). AB014394 was a strain reported by Takahashi ef al™®
Two kinds of strains emerged in August 2005 {rtL180M/rtM204Y and
1t2041). In October 2007, an additional amino acid substitution
(rt8202G) 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
peritoneascopy and liver biopsy (mild hepatitis [A1] and mild
fibrosis [F1]). HBeAg was positive; serum HBV DNA was more
thun 7.6 logo copies/mL. Treatment with lamivudine 100 mg/day
was initiated in October 2001, at which rime serum HBV DNA
was more than 7.6 log, copies/mL and ALT was 314 TU/L, In
February 2003, adefovir dipivoxil 10 mg/day was added-on to
lamivudine, but failed to decrcase HBV DNA load. In January
2005, adefovir was withdrawn; the patient remained on lamivudine
monotherapy. Amino acid substitutions of the rt gene, rntL180M,
TtM204V and rtM2041 were detected in August 2005. In October
2006, the patient was switched directly from Jamivudine to ente-
cavir .5 mg/day without treatment interruption. In February 2007,
ALT levels decreased to within normal values, and serum HBV
DNA was less than 4 loge copies /mL. However, shortly after,
both ALT levels and HBV DNA began (o rise again. In October
2007, amino acid substitutions rtL180M, tM204V and n5202G
were detected.

Predictive factors of HBV DNA negativity

Univariate analyses identified six factors that correlated with
HBY DNA suppression 1o undetectable levels after 6 months of
the entecavir switch: viral load less than 5log copies/mL
(P <0.001); HBeAg-negative status (P < 0.001); the absence of
lamivudine resistance (P < 0.001); normal AST level (< 33 TU/L:
P =0.008); normal ALT level (men <=42]JU/L, women
=< 27 TU/L: P < 0.001); and chronic hepatitis stage of liver disease
(P =0.069). Muliivariaie analyses showed that viral inad below
Slogm copies/fmL (OR=69.03; 95% CI=13.23-360.09;
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P <0.001) and the ahsence of lamivudine resistance (OR = 8.17;
95% Cl= 1.25-53.34, P =0.028) each indcpendently infiuenced
eniecavir’s efficacy 1o suppress HBY DNA to undetectable levels
after & 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(tlide-naive patients.*¢ Conversely,
in lamivudine-resistant patients, switching to cntccavir is not a
first-choice treatment, due (o increased nsk of emergence of ente-
cavir fesistance on a multiple substitution background.
However, in attempts o rescue those with suboptimal antiviral
response and zlso 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 logy copies/mL}), and for paticnts with
detectable HBV DNA but without biochemical breakthrough and
lamivudine resistance.” This study provides a unique opportunity
L0 evaluate the efficacy of entecavir in a lamivudine-pretreated
population with low viral load at switching point.

The majority of patients with HBV DNA zt baseline of less than
5 logp copies/mL maintained or achieved viral suppression 1 year
after switching to entecavir, despile 23-76% of them carrying
lamivudine-resistant substitutions. A similar trend was maintained
during the sccond 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 logo copies/mL) carrying
tM204V/1 substitutions (76% patients), in agrecment with earlier
studies showing diminished entecavir ctficacy in lamivudine-
refractory patients with elevated viral load.”**** In addition, mul-
tivariate analyses revealed that a viral load of less than 5 logy
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/1 substitutions. This obser-
vation adds another perspective in predicting clinical response to
cntecavir in lamivudine-pretreated patients.

Another predictive factor of entecavir's efficacy in this retro-
spective cohort is the absence 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
rM204V/I 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 enlecavir 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.'™?"* Despile the presence of lamivudine-resistant
vitus in 23%-76% of all patient groups, the emergence of ente-
cavir tesistance was rare. with only one confinmed case from the
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HBV DNA 2.6-5.0 log o copies/imL 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
o the relatively short treatment period and small sample size.
Further follow up will be required to monitor tor subsequent
emergence of entecavir resislance in these patients.

One could argue whether it is cost-effective to switch all
tamivudine-treated patients with undetectable HBV DNA o ente-
cavir. The GLOBE study demonstrated that although fewer
larnivudine-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 coliabora-
tors also reported that of famivudine-treated patients who achieved
HBY 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 resistunce. Comparative studies integrating the efficacy and
safety of standard adefovir add-on versus switching to entecavir
monotherapy are also warranied in these paticnis.

Study limitations should be considered. This is o relrospective
analysis o CHB patients which, in the absence of matching con-
trols, may introduce coenfounding errors and bias. Specifically, a
control arm for the HBY PCR-negative group (< 2.6 log,, copics/
mb: 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 logia copies/mL.
and [7 patients with > 5.0 log,y copiesfml., 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 foad of less
than 5 lag,o copies/mL, independent of their previous exposure to
lamivudine. Efficacy is decreased for patients with rtM204V/]
substitations and low viral load, and is lowest for patients with
riM204V/] substitulions 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 § log, copies/ml. and
the absence of lamivudine resistance are independent factors pre-
dicting entccavir's efficacy to reduce HBYV 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 factors for tumour recurrence after
curative therapy for FBV-related HHCC while under treatment with nucleol-
(s)ide analogues (NAg) 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 [or 1ICC. Results: lepatocellular 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, 1.94-41.4) 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=0.474)
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 nudeot(s)ide analogues (NAs) have been
used as the mainstay therapeultic 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). Lamivadine (LAM) was the first NA
Lo be approved for treating chronic hepatitis B, followed by
adefovir dipivoxil (ADV) and entecavir (E1'V), 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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(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
[1BcrAg, consisting ol [BcAg, 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 activitics 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 addilion, recent reporls have indicated
another iteresting aspect of serum HBcrAg levels: these
levels were found to be correlated with intrahepatic
covalently closed circular DNA (cccDNA) levels and
could be a surrogate marker of the intrahepatic cccDNA
pool (20, 21). This phenomenon mav be explained by the
fact that the production of HBcrAg depends on the
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(n=1148)

Patients with chronic hepatitis B who received NAs &

|

Patients who developed HCC (11 = 65}

{Patiems with HCC who underwent TACE}
{n=10)

Patients who underwent surgical resection or local ablation therapy for HGC

(n=255)

Fig. 1. The study protocol. HCC, hepatocellular carcinoma; NAs, nucleot(slide analogues; TACE, transcatheter artenal 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 1ICC 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 Lo
elucidate the viral status, persistent despite suppressive
therapy, associated with HCC recurrence, in addition to
the host and twmour 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 Departmenl of Hepatology, Toranomon Hospital,
Metropolitan Tokyo. Of the 1149 patients, 65 developed

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 {rom 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 (i) 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
anglography. 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 palients 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 Ilealthcare Group LPF, 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 FICC and stored in —807C. 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 prior:
approval by the institution’s human research commitice.

Aniiviral 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 m HBY
DNA = llogcopies/ml. Seventeen of the 26 patients
reecived 10 mg ADV o 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 Tapan at the time, but received ADV with
LAM after approval was obtained during the HCC post:
treatment period. Fight NA-naive  patients  received
0.5 myg ETV daily. These antiviral therapics were contin-
ued after the resection or percutaneous ablation.

Follow-up and HCC recurrence

he patients were [ollowed for liver Tunction and virolo-
gical markers of HBV infection monthly, as well as blood
counts and tumour makers including o-fetoprotein and
des-y-carboxylprothrombin. They also underwent ultra-
sonography or helical dynamic computed tomography
cvery 3 months. Cirrhosis was diagnosed by laparoscopy
or liver biopsy or by the clinical data, imaging modalities
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
andfor histological examination with fine needle biopsy
specimens, in addition 1o certain features on computed
tomography and ultrasonography.

Markers of HBV infection

HBeAg was determined by enzyme-linked immunnsor-
bent assay using a commercial kit (HBeAg ElA; insti-
tute of Tmmunology, Tokyo, fapan). HBY DNA was
quantitated using the Amplicor monitor assay (Rache
[Hagnastics. Tokyo, fapan) with a dynamic range
over 2.6-7.6log coptes/ml o COBAS Taghian HBV
2.0 (Roche Diagnostics) wilh a dypamic 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 al the dlagnosis of HCC. For statistical analysis, the
value of that HBY DNA was tentalively set at 2.1 if HIBY
DINA levels were under 2.1log copies/mi. LBV genolypes
were determined serologically by the combination of
epitopes expressed on the pre-52 region product, which
is specific for cach of the seven major genaolypes (A=G7),
ssing @ commercial kit (HBY Genotvpe ELA; Institute of
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Immunology;, YMDD mutants were determined by
polymerase chain reaction-based enzyme-linked niini-
sequence assay using a commercial kit (Genome Science
Laboratories, Tokyo, Japan).

HEBcrAg measurement

Serum HBerAg levels were measured using o CLELA
HBcrAg assay kit (Fujirebio Inc., Tokyo, Japan; with a
fully automated analyser system (Lumipulse System;
Fujirebio Inc.) as described previously (21). In brief,
150 11l of serum was incubated with 150 of pretreat-
ment solution containing 15% sodium dodecyl sulphate
at 60 C for 30min, Afrer hear treatment, 1204l of
pretreated specimen was added to a territe microparticle
suspension in an assay cartridge. Ferrite particles were
coated with monoclonal antibody mixture (HB44, HB61
and HB! 14} against denatured HBcAg, 11BeAg and the
22kba precore pratein. Afler min ol 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
22%kDa precare protein. After washing, 200 pl of sub-
strate solution | 3-(2"-spirouda-mantan j-4-methoxy-4-
(3"-phosphoryloxy)pheny-1,2-dioxelane disodivm sait]
(Applied Biosystems, Bedford, MA, USA) was added to
the test cartridge, which was then incubaled for 5 min at
377°C. The relative chemiluminescence intensity was
measured. and the FBerAg concentration was calculated
by o standard curve generated using a recombinant pro-
HBeAg (amino acids - 10 to 183 of the precore/core
gene product). The HBcrAg concentration was expressed
in Ufml, which is defined as the immunoreactivity of
10 fg/ml of recombinant pro-HBeAg. In this study, the
FBerAg values were expressed as lag Uiml, and the cut-olf
value was sel al 3.0log Wml. For the stalistical analyscs,
HBcrAg-negalive cases were calculated as 3.0log U/ml.

Intrahepalic cccDNA measurement

Intrahepatic ceclNA levels were analysed as described
previously (21}. In briet, liver specimens surrounding the
tumour tissuc were obtained and stored at —807C
before DNA extraction. HBV DNA was extracted using a
Olaamp DNA Mint Kit (Qiagen KK, Tokyo, Japan). The
woncentration of purified DNA was based on the absar-
burce at 260 nm. For this study, two oligonucleotide
primers cecF2 (5'-cgtetgtgecttetcatetga-3', nucleotides
1424-1444) and cccR4 (5'-geacagettggaggetigaa-3/, nu-
cleotides 1755--1737) and probe cceP2 (5/-VIC-accaatttat
acctacag-MGB-3" nucleotides 16721655 were desianed
usiug PRINTR Fivkrss software (Applied Biosystems., Foster
Cily, CA, USAj to {lank the direcl repeat region belween
the hepatitis B core and the polymerase gene. The use of
cccF2 and cccR4, oligonuclectide primers spanning
the diredt repeat region of the TIBV 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 jig) was detected with the
sequence detector system (ABI 7900HT; Applied Biosys-
tems) in 50! of a PCR mixture containing TagMan
universal PCR Master Mix (Applied Biosystems),
300 nmol 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 10min. The subsequent PCR condi-
tions consisted of 45 cycles of denaturation at 95°C for
155, and annealing and extension at 60°C {or 90's per
cycle (SRL Inc., Tokyo, Japan).

Statistical analyses

Standard statistical measures and procedures were used.
Correlations between two variables were tested using
Pearsom’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 TICC 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 dilferences in the curves were tested using the

Hosaka et al.

log-rank test. A Pvalue of < 0.05 in a two-tailed test was
considered significant. Data analysis was performed with
spss version 11.0 (SPSS [nc., Chicago, 1T, USA).

Resuits

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 HIBV 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 copics/ml), that of aspartate aminotrans-
lerase (AST) normalization (< 321U/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 (= log copies/
ml), accurred 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(shide analogue therapy and the incidence of hepatoceliular carcinoma

Characteristics Start of NA therapy Time of HCC Dx
Age (years) 51(32-73) 54 (35-75)
Gender (male-femnale} 45:10 45:10
AST level (UL 69 (27-195) 31 (16=207)
ALT level 1U/L) 781(73-368) 29010-267)
Platelet count (10%mm”) 11.4(3.1-31.3) 12.5(3.6-30.1)
Serurn alburmin level (g/dl) 3.8{3.1-4.9)
Serum bifirubin level {(mg/dl) 0.8(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
HBY genotype

51(93%) 51 (93%)

Qthers 4 4

HBeAg (+) 29 (53%} 23 (42%)
HBV DNA (log coples/mi) Fll<26to »76) < 210=2211t085)

HBCrAg level (log U/ml;

Antiviral agents (LAM:LAM+ADV:ETV}

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

Des-v-carboxylprothrombin level (mAU/mi)

Tumour dismeter (mm)

Turnour number (solitaryanultiple)

Portal vein invasion (positive: negative!

TNM stage {II:0V)

HCC treatment (resectior:ablation)

663310 >6.8)
47.0:8

6 (2-263)

50(< 30t »A8)
30:17:8
2.2(0.2-7.4)
4{1-282)

22 (< 10-933)
22(7-60)

50:5

496

25:24:5:1

37:18

Yahues are expressed as the median and range (parenthetically) or the number and sercentage (parenthetically).

ADV, adetovir dipvoxil; ETV, entecavir, HBY DNA, hepatitis Bvirts DNA; HCC, heparocellular caranoma; LAM, lamivuding; NA, nuciroi)ide anaiogues
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was detected in the NA-naive patients receiving ETV
manotherapy.

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

The median serum HBcrAg value was 6.6Jog U/ml
(range, 3.3 to > 6.8) al the start of NA therapy and
5.0log U/mi (range, < 3.0 lo > 6.8) al the time ol 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 (829 of 28 patients with
undelectable TIBY DNA levels using TaqMan assay and
was > 4.8log U/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 correlalion between the serim TiBerAg
levels at the time of HCC diagnosis and the avtiviral
elfect. The median duration ol an-freatment undelected
scrum BV 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  bhetween
the evels of 1BerAg in serum at the time ol HCC
dingnosis and the duration of undetected HBY 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 Il or over (24 of 37
patients) was greater than ablation (six of 18), there were
more patients who had HCC recurrence after resection
than ablaton. Light factors were associated with the
recurrence in univariate analysis: HBeAg positivity at
the start of NA therapy, 11BY DNA = 2.tlog copies/mi,
HBcrAg level >4.8log U/ml, AST level >501U/L, ALT
level =40 IU/L, tumour multiplicity, portal vein invasion
at the time of HCC diagnosis and HCC trearment. In the
multivariate analysis, [1BcrAg level = 4.8log U/mi and
portal vein invasion were independent visk factors for the
recurrence of HCC (‘Table 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 HBarAg levels were 96%0 al
year, 89% al 3 years and 89U at 5 years. The recurrence-
Iree survival rates of the high [EBerAg group (= 4.8log
Uimby were significanty lower than those of the low
HBerAg group (= 4.8log Ul P = 00017, as shown in
Figure 3A. Then, the cumulative recurrence-lree survival
rales in patienis with 2 2 log copies/ml BV DINA
levels at the time of HCC divgnosis were 0% at 1 vear,
At at 5 years and 39% at 5 vears. In contrast, the rales in
pationts with = 2.1log copies/ml FHIBV 1INA fevels were
93% al | vear, 76% at 3 years and 76% at 5 vears. The
recurrence-(ree survival rates of the positive HBY DNA
aroup ¢ = 2 log coplesimly were significantly fower than
those of the negative HBYV DNA group (= 2.1 log copies/
ml; #=0.007), as shown in Figure 3B, The cumulative
recurrence-Iree survival rates were 33% al 1 ovear and
33% at 2 years with partal vein invasion, and §7% at |
vear, 73% at 2 years and 64% ar 3 years without invasion.
Three of the six paticnts with portal vein invasion died of
recurrent HOC

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

We measured intrahepatic cceLINA using fiver specimens
from 22 of 37 patients who underwent vesection. The
median intrahepatic cccDNA value was 4.Zog copics/ug
range, 3.0-3.0}1 As shown it Figure A and B, we
abserved significant positive correlations between the Jevels
ol intrahepatic cceDNA and [IBY DNA in scrum
{(P=0.019; r=0.486) and between the levels of intrzhepatic
cccDNA and HBerAg in serum at the time of HCC
diagnosis (P=0.028; r=0479). Twenly-cight paticnts
who underwent resection had carlv- or intermediate- stage
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Table 2. Risk factors for hepatocelflutar carcinoma recurrence
Unvarate analysis Multivariate analysts

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

Age {>50 years) 1.79 (0.65-4.91) 0.257

Gender (femaie) 0.9810.32-2.87) 0.981

HBeAg( 1) 2.85(1.03-7.88) 0.044

HBVY DNA (= 6.0log copies/ini) 1.75(0.50-6.07) 0.372

AST level (=50 1UAL) 1.09(0.42-2.85) 0.862

ALT level (= 70 IUA} 1.09 (0.42-2.85) 0.862

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

»-fetoprotein level ( > 100 ng/mb) 0.99 (0.13-7.66) 0.9%6
Time of HCC diagnosis

Duration of NA therapy (= 2 vears) 119 (0.49-2.88} 0.698

HBeAg(+} 1.53(0.63-3.70) 0.343

HBY DNA (= 2. 1log copies/ml) 3.36 (1.32-8.55) 0.011

HBcrAg level (> 4.8log U/ml) 10.6 (2.4546.1) 0.002 8.96 (1.94-41.4) 0.005

YMDD mutants {(present:absent) (.84 (0.35-2.03) 0838

AST fevel (=50 1UA) 2.44{(1.01-5.89) 0.047

ALT level (= 401UA) 2.44 (1.01-5.87) 0.047

Platelet count {~ 10° cellymm?) 2.20(0.81-6.02) 0.123

Serum albumin tevel (< 3.5 g/dl} 1.39 (0.53-3.63) 0.505

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

Prothrombin time (< 80%) 2.231(0.51-9.82) Q.286

Child-Pugh (B) 9.70(0.16~3.04) 0.634

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

e-Tetoprotein level (= 100 ng/ml) 1.81 (0.74-4.44) 0.194

Des-y-carboxytprothrombin level (= 100 mAU/mi} 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 nvasion 5.39(1.69-17.2) 0.002 3.94 (1.25-12.4) 0.018
TNM stage (=11 2.08(0.85-5.10} 0.11C

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

The balded numbers: statically sigrificant.

ALT, alanine transaminase; AST, aspartate aminotransferase; Cl, confidence interval; HBY DNA, hepatitis B virus DNA; NA, nucleot(siide analogues;

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

HCC (tumour diameter < 50 mm, 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/ug)
were significantly lower than those of the low cccDNA
group (< 4.3log copiesiug; 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 HBY DINA
levels >6.0log and < 6.0log copies/mi (Fig. 5. The
HBcrAg levels were significantly higher in patients
who were positive for HBeAg (median value: 5.6 vs.
3.6log Ufml; P=0.001) and the baseline HBYV DNA levels
>6.0log copics/ml {median value: 5.2 vs. 3.3log U/ml;

P=0.012). There was no corrclation 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 serum HBcrAg levels at the
time of HCC diagnesis with or without the emergence of
YMDD mutants and VBT before the development of
1ICC. The HBerAg levels were marginally higher in
patients with emergent YMDD mutants {median value:
5.2 vs. 3.8log U/mk =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
cceDNA and HBerAg levels as substitutes for cccDNA
are associated with HCC recurrence in patients who
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developed HCC anter the commencement of NA therapy
and underwent radical therapy for HOC, The recurrence
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Ag levels were measurabie by using serum samples
and dinically aseful.

Nucleol(siide amalogues, incuding LAM, ADV and
FTY, are widely used for the treatment of chronic
hepatitis B and repariedly reduce the development of
HCC in such patents 22, 25) Although lew events 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 whe
underwent radical thevapy lor HCC nospite of heis
small number. High HBV Joads in serum have been
reported o be associated with HCC recurrence after
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intrahepatic cecINA levels are predictors of 1 1CC recurrence
in patients radically treated for HCC during NA therapy.

In this study, the serum 1BV DNA levels at the time of
HCC diagnasis were associated with recurrence by uni-
variate analysis. However, the serum HBcrAg level was
the anly viral factor associated with recurrence in malti-
variate analysis. There are two paossible reasons for the
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Fig. 6. Comparison of serum HB(rAg icvcls at the time of hepatocelluler carcinoma (HCC) diagnosis (A) with ar without
thyrosne-methionine-aspartic acid-aspar it auid mutants and (B) virolngical brezkthrough (VBT) before th development of HCC

different resulis between past studies and the current
study. Although serum HBV DNA was undetectable
using TagMan assay at the time of HCC diagnosis in
51% of the patients, who reccived NAs, serum HBcrAg
was undetectable in only 18% of these patients. The other
reason is that it was easy to identify the viral risk factors
{e.g. HBeAg positivity) by measuring the serum HBcrAg
level because the detection of HBcrAg enables the detec-
tion of HBcAg, HBeAg and the 22kDa precore protein
coded with the precare/core gene. The high recurrence
rate of HCC after curative resection and ablation is
attributable to two principal characteristics: intrahepatic
metastasis and de novo multicentric carcinogenesis {32).
It is assumed that a high viral load increases the risk of

mutiticentric recurrence in the liver remnant in patients
without optimal viral suppression by NA therapy. Re-
cently, it was reported that the HBV load is associated
with late recurrence over 2 years (30). On examining our
cohort as per the recent report, high HBcrAg levels were
found to be associated with late recurrence (data not
shown). Consequently, we consider that HBcrAg is a
more useful marker of HBV-related HCC recurrence
than HBV DNA during NA therapy.

Nucleot(s)ide analogues are potent inhibitors of HIBY
replication, and can induce a rapid and draslic reduction
in peripheral HBV DNA, seroclearance of HBeAg and
remission of hepatic inflammation. Because of the stabi-
lity of cccDNA in infected cells, the decline of
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intrahepatic cccDNA levels is slower than that of serum
HBYV DNA levels during NA administration (15, 16}, We
found thar suppression of cccDNA by NAs could prevent
the development of recurrent primary HCC. Because
c¢ccDNA provides the template for pregenomic and viral
messenger RNA-encoded viral proteins (33-353), the
transcriptional activity of cccDNA may induce carcino-
genesis. lurther research is required to validate this
hypothesis. Serum HBcrAg can be a surrogate marker of
the intrahepatic cccDNA pool because of the viral
proteins transcribed through messenger RNA from
cccDNA (20, 21). Therefore, we consider that serum
F1BerAg vellects the intrahepatic viral status more accu-
rately than serum HBV DNA, Recently, Chan ef al. (36)
showed that serum HBsAg quantification could reflect
intrahepatic cccDNA in patients treated with peginterfer-
on and LAM combination therapy. They also indicated
that reduction in HBsAg had good correlation with
reduction in cccDNA. We tried to measure 11BsAg levels
at the start of NA therapy and the tine of HCC diagnosis
using a commercial assay (chemiluminescent immunoas-
say). [owever, HBsAg levels declined very slowly during
NAs monotherapy in this study {data not shown).
Brunctlo ot al (37} showed thal mean reduction lor 43
weeks in HBsAg was 0.02log [U/ml in patients treated
with LAM monotherapy, different {rom peginterferon
therapy. Meanwhile, the median reduction from the start
of NA to the diagnosis of HCC in HBcrAg was 1.4logU/
ml in this study (Table 1). Tt scems that HBcrAg is a
superior on-trealment risk predictor (e.g. tumour recur-
rence) 1o HBsAg during NAs monotherapy in lerms of
reduction of lifres in cach assay. HBcrAg is also more
useful in terms of needless 10 serum sample dilution. As
HBcrAg levels can be measured from serum samples,
they are dinically usetul, compared with the measure-
menl ol ceclINA, which requires liver specimens. 1 is not
practical to carry oul liver biopsy and the measuremeni
of cccDNA for patients who have normal AST/ALT levels
and viral suppression during antiviral therapy. Liver
specimens cannot be also taken from patients who
undergo ablation therapy for HCC. The measurement
of serum HBerAg levels in these patients is helpiul to
indirectly estimate the status of intrahepatic cccDNA. In
the future, it is necessary to investigate whether HBcrAg
in patients receiving NAs can be a predictor of primary
careinogenesis.,

Frevious studies have indicated that the rates of
intrahepatic cccDNA loss and scrum HBerAg loss dilfer
from serum HBV DNA loss under NA therapy, with the
former two being much slower (15, 16, 19). In this study,
the period of serum HBV DNA loss was longer, with
lower intrahepatic cccDNA and serum [1BerAg levels
iFig 281 Therefore, these lindings suggest that o long
period of Ume is required to prevent the development ol
recurrent primary HCC by viral suppression under
antiviral therapy. In contrast, the serum HBcrAg levels
al the lime of TICC diagnosis were higher in patients with
emergent LAM-resistant mutants and subsequent VB
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than in patients without mutants and VBT {Fig. 6}. This
resudt suggests that it is important to administer a potent
NA carly for drug-resistant strains and suppress viral
replication to  prevent subsequent carcinogenesis.
Although we evaluated the relationship between the
development of primary HCC and serum HBcrAg levels
by a case~control study, the serum HBcrAg levels at the
commencement of NA therapy and 1 veur later were not
assoctated wirh the development of primary HCC (unpub-
lished data). This finding is attributable to the slow decline
of the serum HBcrAg levels during antiviral therapy. The
measurement of HBcrAg at intervals of 3—6 months mav he
helpful to predict the developient of HCC, [lowever,
further studies are needed to confirm the finding,

In summary, HBcrAg is a predictor of the post-
treatment recurrence of HCC during antiviral therapy.
Measurement of the serum HBcrAg level is simple and
usetul because it reflects the inteahepatic viral smeus.
Further. intrahepatic cccDNA and serum HBerAg suppres-
stonn by NAs 1s impurtant to prevent HCC vecurrence.
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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 factors for tumour recurrence after
curalive therapy for HBV-related HCC 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 perculaneous ablation for HCC, Resulrs: Hepatocellular carcinoma re-
curred in 21 (38%) of the patients over a period of 2.2 (range, 0.2-7.4) years.
[n multivariate analysis, serum HBcrAg levels > 4.8log U/ml at the time of
HCC diagnosis (hazard ratio, 8.96; 95% confidential interval, 1.94—41.4) 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 nudleot(s)ide analogues (NAs) have been
used as the mainstay therapeutic strategy against chronic
hepatitis B. Five such antiviral agents have been ap-
proved, and range in the profundity and rapidity of
BV 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, {ollowed by
adefovir dipivoxil (ADV) and entecavir (ETV), 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 breaklhrough 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

Liver International (2010)
@ 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
HBcrAg, 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, recent reports have indicated
another interesting aspect of serum HBcrAg levels: these
levels were found to be correlated with intrahepatic
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 HBecrAg depends on the
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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 = llog copies/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-maive patients received
0.5mg ETV daily. These antiviral therapies were contin-
ued after the resection or percutaneous ablation.

Follow-up and HCC recurrence

The patients were followed for liver function and virolo-
gical markers of HBV infection monthly, as well as blood
counts and tumour makers including o-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 modalities
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

HBeAg was determined by enzyme-linked immunosor-
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 statistical analysis, the
value of that HBV DNA was tentatively set at 2.1 if HBV
DINA 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 each of the seven major genotypes (A-G),
using a commercial kit (HBV Genotype EIA; Institute of
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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 pl of serum was incubated with 150 pl of pretreat-
menl 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. After washing, 200l 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 generated 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/m! of recombinant pro-HBeAg. In this study, the
HBcrAg values were expressed as log U/ml, and the cut-off
value was set al 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'-geacagettggaggettgaa-3', nu-
cleotides 1755-1737) and probe cccP2 (5'-VIC-accaatttat
gectacag-MGB-3', nucleotides 1672-1655) were designed
using PRIMER ExPRESS software (Applied Biosystems, Foster
City, CA, USA) to flank the direct repeat region between
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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was detected in the NA-paive 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/mli (range, < 3.0t0 > 6.8) at the time of HCC
diagnosis. We observed a positive correlation (P < 0.001;
r=10.610) between the levels of HBcrAg and HBV DNA
in serum at the time of HCC diagnosis (Fig. 2A).
HBerAg was detectable in 23 (82%) of 28 patients with
undetectable HIBY DNA levels using TagMan assay and
was > 4.8log U/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 undetected
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 HBcrAg in serum at the time of HCC
diagnosis and the duration of undetected HBV DNA in
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scrum 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
palients, 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. Fight factors werc associated with the
recurrence in univariate analysis: HBeAg positivity at
the start of NA therapy, [IBV DNA = 2.1log copies/ml,
HBcrAg level >4.8log U/ml, AST level >50TU/L, ALT
level >401U/L, tumour multiplicity, portal vein invasion
at the time of HCC diagnosis and HCC treatment. In the
multivariate analysis, HBcrAg level > 4.8log U/ml and
portal vein invasion were independent risk factors for the
recurrence of HCC ('Table 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% al 5 years. In contrast, the rates in
patients with < 4.8log U/ml 11BcrAg levels were 96% at
| year, 89% at 3 years and 89% at 5 years. The recurrence-
free survival rates of the high [1BcrAg group (>4.8log
Ufml) were significantly lower than those of the low
HBcrAg group (< 4.8logU/mk; P < 0.001), as shown in
Figure 3A. Then, the cumulative recurrence-{ree survival
rales in patients with > 2. 1log copies/ml HBY DNA
levels at the time of HCC diagnosis were 70% at | year,
44% at 3 vears and 39% at 5 years. [n contrasl, the rates in
patients with < 2.1og copies/ml HIBY DNA levels were
93% at | vear, 76% at 3 years and 76% at 5 years. The
recurrence-{ree survival rates of the positive HBV DNA
group (= 2.llog copies/ml) were significantly lower than
those of the negative HBV DNA group (< 2.1legcopies/
ml; P=0.007), as shown in Figure 3B. The cumulative
recurrence-free survival rales were 33% at | year and
33% at 2 years with portal vein invasion, and 87% at |
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/jig
‘range, 3.0-5.0). As shown in Figure 4A and B, we
ubserved significant positive correlations between the levels
of intrahepatic cccDNA and HBY DNA in serum
(P=0.019;r=0.486) and between Lhe levels of intrahepatic
cccDNA and HBcrAg in serum at the time of HCC
diagnosis (P=0.028; 7=0.479). Twenly-cight palicnis
who underwenl resection had carly- or intermediate-stage
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(HBY DNA) levels at the time of hepatocetlular carcinoma (HCC)
diagnosis for each patient and comparison by the log-rank test.

developed HCC after 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 cccDNA and serum HBcrAg. In particular,
HBcrAg levels were measurable by using serum samples
and clinically useful.

Nucleot(s)ide analogues, 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 events 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 enrolling 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 therapy in NA-naive patients
(27-31), but no study has demonstrated the viral risk
faclors of recurrence in patients receiving NAs. The
novel finding of this study is that serum HBaAg and
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Fig. 4. {A) Correlation between intrahepatic covalently closed
circular DNA (cccDNA) and serum hepatitis B virus DNA (HBV DNA}
levels at the time of hepatocellular carcinoma (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 HCC 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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intrahepatic cccDNA levels is slower than that of serum
HBV DNA levels during NA administration (15, 16). We
found that suppression of ccclYNA by NAs could prevent
the development of recurrent primary HCC. Because
cccDNA provides the template for pregenomic and viral
messenger RNA-encoded viral proteins (33-35), the
transcriptional activity of cccDNA may induce carcino-
genesis. Further research is required to validate this
hypothesis. Serum HBcrAg can be a surrogate marker of
the intrahepatic cccDNA pool because of the viral
proteins transcribed through messenger RNA from
cccDNA (20, 21). Therefore, we consider that serum
HBcrAg reflects the intrahepatic viral status more accu-
rately than serum HBV DNA. Recently, Chan ef al. (36}
showed that serum HBsAg quantification could reflect
intrahepatic cccDNA in patients treated with peginterfer-
on and LAM combination therapy. They also indicated
that reduction in HBsAg had good correlation with
reduction in cccDNA. We tried (o measure HBsAg levels
at the start of NA therapy and the time of HCC diagnosis
using a commercial assay (chemiluminescent immunoas-
say). However, HBsAg levels declined very slowly during
NAs monaotherapy in this study (data not shown).
Brunetto et al. (37) showed that mean reduction (or 48
weeks in HBsAg was 0.02loglU/ml in patients treated
with LAM monotherapy, different from peginterferon
therapy. Meanwhile, the median reduction from the start
of NA to the diagnosis of HCC in HBcrAg was 1.4logU/
ml in this study (Table 1). It scems that HBcrAg is a
superior on-treatment risk predictor (e.g. rumour recur-
rence) lo [HBsAg during NAs monotherapy in terms of
reduction of titres in each assay. HBcrAg is also more
useful in terms of needless to serum sample dilution. As
HBcrAg levels can be measured from serum samples,
they are clinically useful, compared with the measure-
ment ol cccDNA, which requires liver specimens. [L s not
practical to carry out liver biopsy and the measurement
of cccDNA for patients who have normal AST/ALT levels
and viral suppression during antiviral therapy. Liver
specimens cannot be also taken from patients who
undergo ablation therapy for HCC. The measurement
of serum HBcrAg levels in these patients is helpful to
indirectly estimate the status of intrahepatic cccDNA. In
the future, it is necessary to investigate whether HBcrAg
in patients receiving NAs can be a predictor of primary
carcinogenesis.

Previous studies have indicated that the rates of
intrahepatic cccDNA loss and serum 11BerAg loss differ
from serum HBV DNA loss under NA therapy, with the
former two being much slower (15, 16, 19). In this study,
the period of serum HBV DNA loss was longer, with
lower intrahepatic cccDNA and serum HBerAg levels
(Fig. 2B}. Thercfore, these findings suggest that a lang
period of time is required to prevenl the development of
recurrent primary HCC by viral suppression under
antiviral therapy. In contrast, the serum HBcrAg levels
at the time of TICC diagnosis were higher in paticnis with
cmergent LAM-resislant mutants and subsequent VBT
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than in patients without mutants and VBT (Fig. 6). This
resuli suggests that it is important to administer a potent
NA early for drug-resistant strains and suppress viral
replication to prevent subsequent carcinogenesis.
Although we evaluated the relationship between the
development of primary HCC and serum HBcrAg levels
by a case—control study, the serum HBerAg levels at the
commencement of NA therapy and 1 vear later were not
associated with the development of primary HCC (unpub-
lished data). This finding is attributable to the slow decline
of the serum HBcrAg levels during antiviral therapy. The
measurement of HBcrAg at intervals of 3-6 months may be
helpful to predicl the development of FHICC. However,
further studies are needed to confirm the finding.

In summary, HBcrAg is a predictor of the post-
treatment recurrence of HCC during antiviral therapy.
Measurement of the serum HBcrAg level is simple and
useful because it reflects the imtrahepatic viral status.
Further, intrahepatic cccDNA and serum 11BcrAg suppres-
sion by NAs is important to prevent HCC recurrence.
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New classification of dynamic computed tomography
images predictive of malignant characteristics of

hepatocellular carcinoma

Yusuke Kawamura, Kenji Ikeda, Miharu Hirakawa, Hiromi Yatsuji, Hitomi Sezaki,
Tetsuya Hosaka, Norio Akuta, Masahiro Kobayashi, Satoshi Saitoh, Fumitaka Suzuki,
Yoshiyuki Suzuki, Yasuji Arase and Hiromitsu Kumada

Department of Hepatology, Toranomon Hospital, Tokyo, Japan

Aim: The aim of this study was to elucidate whether the
histopathological characteristics of hepatocellular carcinoma
(HCC) can be predicted from baseline dynamic computed
tomography (CT) images.

Methods: This retrospective study included 86 consecutive
patients with HCC who underwent surgical resection between
January 2000 and September 2008. The arterial- and portal-
phase dynamic CT images obtained preoperatively were clas-
sified into four enhancement patterns: Type-1 and Type-2
are homogeneous enhancement patterns without or with
increased arterial blood flow, respectively; Type-3, heteroge-
neous enhancement pattern with septum-like structure; and
Type-4, heterogeneous enhancement pattern with irregular
ring-like structures. We also evaluated the predictive factors
for poorly-differentiated HCC, specific macroscopic type of
HCC (simple nodular type with extranodular growth [SNEG]
and confluent multinodular [CMN]) by univariate and multi-
variate analyses.

Results: The percentages of poorly-differentiated HCC
according to the enhancement pattern were three of 51

nodules (6%) of Type-1 and -2, three of 24 {13%) of Type-3, and
eight of 11 (73%) of Type-4. The percentages of SNEG/CMN
according to the enhancement pattern were 12 of 51 nodules
(24%) of Type-1 and -2, 13 of 24 (54%) of Type-3, and five of 11
(45%) of Type-4. Multivariate analysis identified Type-4 pattern
as a significant and independent predictor of poorly-
differentiated HCC (P < 0.001) while Type-3 pattern was a sig-
nificant predictor of SNEG/CMN (P = 0.017).

Conclusion: Heterogeneity of dynamic CT images correlates
with malignant characteristics of HCC and can be potentially
used to predict the malignant potential of HCC before
treatment.

Key words: confluent multinodular type, dynamic
computed tomography, hepatocellular carcinoma,
poorly-differentiated hepatocellular carcinoma,
radiofrequency ablation, simple nodular type with
extranodular growth type.

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is a
common malignancy worldwide, and the inci-
dence rate is increasing in Japan as well as in the USA.'~
Chronic viral hepatitis and liver cirthosis following
infection with hepatitis B virus (HBV) and hepatitis C
virus (HCV) play important roles in the development of
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HCC.** The incidence of HCC in patients with HCV-
related cirrhosis is estimated at 5-10% per annum, and
it is one of the major causes of death, especially in Asian
countries.” Among the available treatment options for
HCC, surgical resection is generally considered a poten-
tially curative method and could provide a satisfactory
long-term outcome.*""* Recent advances in imaging pro-
cedures have led to increased detection of early-stage
HCC and improved survival because of the greater
number of patients identified in whom curative hepatic
resection is possible.'*'* However, for patients who are
not suitable for surgical treatment for several reasons
(e.g. lack of sufficient liver function for surgical resec-
tion), percutaneous local therapy is another therapeutic
option. Various methods, such as percutaneous ethanol
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