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Abstract A 52-year-old man suffering {rom monocular
blindness, with light perception only, was admitted to our
hospital. The symptom had begun as low vision and
developed rapidly within 3 weeks into monocular blind-
ness in the right eye, with no other systemic manifestations.
Imaging examinations revealed multiple  hepatocellular
carcinomas in the cirrhotic liver, and tumors at the skull
base and vertebra. A pathological and immunochemical
study of specimens obtained by endoscopic transnasal
tumor biopsy and laminectomy revealed them to be met-
astatic hepatocellular carcinomas (HCCs). Although the
patient underwent radiation therapy and chemotherapy, he
died 5 months after admission to our hospital. The cranial

HCC, involving only the optic canal; may have disturbed
the optic nerve in preference to the other cranial nerves.

This is the first report of a HCC patient with monocular
blindness as the initial presentation of the disease.
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Introduction

~Hepatocellular carcinoma (HCC), one of the most common

types of cancer worldwide, is characterized by poor pre-
sentation of specific symptoms until advanced stages, The
incidence of HCC metastases has been reported from <5 to
36.7% in clinical records [1-3] and more frequently in
autopsy cases [4]. Bone is the third most frequent site for
HCC metastasis followed by the lung and the abdominal
lymph nodes. The common bone metastatic sites are the
vertebra, the rib, and the long bone; however, bone
metastasis of HCC to the skull is very rare. The frequent
presentations of ‘bone metastatic HCC are an occasional

~ painful sensation, headache, weakness of limbs, seizures,

and symptoms associated with a disturbance of the cranial
nerves [3]. ' i

~ To the best of our knowledge, this is the first report of a
HCC patient with monocular blindness as the initial pre-
sentation of the disease.

Case report

A 52-year-old man suffering from monocular blindness,
with light perception only, was admitted to our hospital in
April 2009. The symptom had begun as low vision and
developed rapidly within 3 weeks into monocular blind-
ness in the right eye, with no other systemic manifestations.
The patient consumed excessive alcohol for over 30 years.
He also had a medical history of blood transfusion for
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Table 1 Laboratory data on
admission

AST aspartate aminotransferase,
ALT alanine aminotransferase,
-GTP glutamyltransferase, HBs
hepatitis B virus surface, HBe
hepatitis B virus core antigen,
PCR polymerase chain reaction,
AFF g-fetoprotein, PIVKA-II
protein induced by vitamin K
absence, CEA
carcinoembryonic, CA/9-9
carbohydrate antigen 19-9,
ICG(15) indocyanine green

15 min retention rate

delayed phase

Fig. 1 Abdominal computed tomography scan on admiission. Arrows indicate the mass in each scan

hemorrhagic gastric ulcer in 1990 and mitral valve plasty

for mitral regurgitation in 2007.

Laboratory investigation on admission revealed negative
for serum hepatitis B surface antigen; however, serum

@ Springer

Hematology Serofogy rest
White blood cells 5960/ul HBs-antigen Negative
Hemoglobin 14.9 mg/dl HBs-antibody Negative
Platelets 176 x 10%u HBc-antibody Positive
HBV-DNA PCR 2.1 loghml
Blood chemistry HCV-antibody Negative
Total bilirubin 1.9 mg/d]
Direct bilirubin 0.3 mg/dl Tumor markers
AST 68 U AFP 1881 ng/ml
ALT s un PIVKA-II 6911 mAU/Mml
Alkaline phosphatase 381 UA CEA 2.22 ng/ml
»-GTP 198 UA CA19-9 13.2 U/ml
Total protein 7.4 gidl
Albumin 3.9 g/dl Others
ICG(15) 29%
Coagulation
PT% %
arterial phase

hepatitis B virus DNA (HBV-DNA) was substantively

positive by polymerase chain reaction (PCR). Thus the
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Other laboratory - findings were: total bilirubin 0.9 mg/dl
(normal 0.2-1.3); serum aspartate aminotransferase 68 U/L
(normal 13-33); alanine aminotransferase 38 U/l (normal
8-42); indocyanine green (ICG) 15 min retention rate
29.0% (normal 0-10). While serum levels of carcinoem-
bry()mc antigen (CEA), carbohydrate antigen 19-9 (CA
19-9) were within normal range, tumor markers for HCC

were elevated: a-fetoprotein (AFP) 1881 ng/ml (normal

0-6.2); protein induced by vitamin K absence (PIVKA-TI)
6911 mAU/ml (normal 0-40) (Table 1). Enhanced com-
puted tomography (CT) showed the 32 x 22 mm,
36 x 24 mm and 9 x 9 mm lesions, all of which were
barely enhanced in the arterial phase study (Fig. la, b) and
hypoenhanced in the portovenous study (Fig. le, d) in
segments 2, 6 and 8 of the cirrhotic liver, respectively.
Cranial magnetic resonance imaging {MRI showed a
tumor involving the optic canal spread across the right
sphenoid sinus and sella turcica. It also showed the tumor
to have slight high intensity on Tl-weighted and low
intensity on T2-weighted images. The tumor was enhanced
homogeneously (Fig. 2a). Spinal MRI showed spinal

tumors at cervical vertebrae (Cl, C2), thoracic vertebrae
(Th5, Th6) and sacrum (S1 and S2). The tumors of the
thoracic vertebrae, in particular, seemed to press against
the. spmal cord mtenslvely (Fig. 2b).

An endoscopzc transnasal tumor biopsy was performed

51 A rmcmscopm uxammauon of the spemmen showed

that the tumor was mamly compm&d of palisaded cells

with yellow plgment~hke bﬂe (Fig. 3) After the patient

was admitted to our hospltai leg pamlysm emerged and
developed rapidly. Therefore, emergency laminectomy
with posterior fixation was performeci [6]. Microscopic

“examination of the thoratic tumor specimen also showed

palisaded tumor cells. The immunochemical expression of
HepParl and cytokeratin (CK) 8 were positive [7-9]

(Fig. 3). Taken together, both tumors were diagnosed as

metastasis of moderately differentiated HCC.

~ The patient underwent radiation therapy: 3 Gy x 12
times for skull, 3 Gy x 12 times for cervical vertebrae,
3 Gy x 15 times for thoracic vertebrae; 3 Gy x 15 times
for sacrum. He then underwent continuous infusion of
5-fluorouracil (750 mg on days 1-5), mitoxantrone (10 mg

Fig. 2 Cranial and spinal magnetic resonance imaging (M#/) on admission. a Enhanced cranial MRI, T1-weighted image. b Spinal MRI,

T2-weighted image. Arrows indicate the mass in each image
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Skull base tumor

Thoracic tumor

(x40)

Fig. 3 Microscopic findings. Upper panel shows the specimen of the
skull base tumor obtained by endoscopic transnasal tumor biopsy.
Lower panel shows the specimen of the thoracic tamor obtained by

on day 1) and cisplation (100 mg on day 1) (FMP} therapy
[10]. However, the general condition of the patient dete-
riorated -and he died 5 months after admission to our
hospital.

Discussion

HCC is known as a very aggressive cancer causing intra-

hepatic metastases via portal vein and hepatic veins at early
stages, while distant metastases usually occur at late stages,
possibly via hematogenous or lymphatic pathways [1].
Therefore; it is important to find the primary HCC in the
liver at an early stage for a better prognosis for the patient.
However, HCC is also known to be a cancer characterized
by poor presentation of specific symptoms until advanced
stages. Thus, the symptoms due to the metastasis some-
times become the first presentation of the disease and
provide an opportunity to find the primary HCC, as in our
case. ,

Some reports have described the most common clinical
presentations of cranial HCC to be scalp mass, neurological
deficits, headache and seizures [3, 11, 12]. Theoretically,

@ Springer

Hep par 1 CK 8

(x200)

(x200)

(x200)

laminectomy. Hematoxylin and eosin (H&E), HepParl, and cytoker-
atin (CK) 8 antibodies were used for immunocytochemical study.
Arrows indicate bile pigments

the clinical symptoms should be associated with the cranial

site- of the tumor involved, i.¢., scalp mass and headache
are likely due to calvarial metastases, and cranial nerve
deficits are likely due to skull base metastases. In this
report, the skull base tumor of the patient located as
involving only the optic canal may have disturbed the optic
nerve in preference to the other cranial nerves. When we
focus on the symptom of visual disturbance, the most
common - previously reported -visual disturbances from
HCC are homonymous hemianopia, diplopia, and propto-
sis, ‘which are mostly due to orbit metastasis [13-16],
Blindness is a very rare symptom of metastatic tumors
derived from the trunk of the body, like HCC. gastric
cancer [17], and esophageal cancer [18]. By & Medline
search via PubMed, HCC is reported in one case as pres-
entating with ‘an occipital haematoma after therapy for
metastatic HCC [19]. To the best of our knowledge,
blindness has not been reported as the initial presentation
for metastatic HCC. '
Hepatitis C virus (HCV} and HBYV infection are well
known major causes of HCC, however, the incidence of
HCC is lower in alcoholic cirrhosis in the absence of HCV
and HBV infection [20]. In this paper, the laboratory
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investigation of the patient revealed negative hepatitis B
surface antigen, however, HBV-DNA PCR was substantively
positive. We examined HBY-DNA PCR three times and the
results were all positive: 2.5, 2.5, and 2.1 log copy/ml.
Occult HBV infection is defined as serologically unde-
tectable hepatitis B surface antigen despite the presence of
circulating HBV-DNA, suggesting maintaining a potential
risk for HCC development [21]. Thus. the liver dysfunc-
tion of this patient might be due not onlv to alcohol abuse
but also to ‘occult hepatitis B™ infection. and the syner-
gistic effect of this combination might be the main cause
of HCC.

A strict diagnosis of metastatic HOC is usually difficult
by noninvasive examination. because T and MR images
of metastatic HCC vary a great deal in 2ach case [3]. Even
though the specific twmor nurkers for HOC of our patient
were high (AFP 1881 ng/ml PIVEKAI 6911 mAU/ml), a
histological diagnosis was necessary for the identification
of primary cancer. Thus, we performed un Immunocyto-
chemical study of the specimen obtained by endoscopic
transnasal twmor biopsy and laminectomy (Fig. 3). The
result of the immunochemical cupression of the effective
markers for HOC. HepPar? and CK 8 antibodies, suggested
that the metastatic wmors were derived from hepatocyte
[7-9]: both twmors were strictly diagnosed as metastasis of
moderately differentimed HOC

In conclusion. although blindness Is an exceedingly rare
symptom of HOC, it is necessary o be aware of it. To the
best of our knowledge, this s the first report of a HCC
patient with monocular blindness as the inidal presentation
of the disease.

e ¢
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LIS bAEICBYT, BRFLY 4 VA (HBY)
BHE O HBY YV /¥4 71, &F080% Mbih
5 C A major type T 505, & D54 i biRss
AN TwA, a4, £EFHRERIZE
O—BE LT, HFCRHE L HBs fUEEEE ITow
TV x84 TRER retrospective AT > 7278, Vo
JZ AT BEMN3M6% 2 DTV,

F/0,HBV V. J ¥ 47 ABREIC L % B BIAMNT
FATMHEIC BN CEOID Y BEHE TH 5599, H
FZBWChHEEmIcH 5 do Ll sh, 80
AR TFEENE, FLFROBIELDEHRS L
TBY), ==Y 7 F VBAORIELERT S
ECh, TORPERLIBT LI LIIHEETH S,
HBV Y=/ ¥ 4 7 BEEEEMIRICBI 5, &ED B
BRRMRAOY /¥4 7105 2 REEBITHEONT
v, 22°C, BE0EMICBITS, HEl o HBs
FRBEF O HBY YV J & 4 THEEOEE, B LY
BRISMIFRICBY B HBV YV /) ¥ 4 TORRERED
BEEBE L.

W L UTE 1990 05 2000 4E £ T, BT
U7z HBs BUR AW &7 5 430 % ATy & &
L7z, ZRBDHBY Y/ 4 7E 5L, 1990 4
5 1999 4F (284 80}, 2000 475 2009 4 (146 #1) @
ZEIESUCEHBY Vo /¥ 4 THOREHEDOE
BEWE Lz HBY Yo/ ¥ 4 SRS PIC I E
S LB O UG E IR % JH T retrospective V2
U7z, F72 430 oo s CHLiE S B MAMIFHR L
BRI M POV TRBROBRE 21T 72 BERA
W ROBHENL, 1) il HBs R 22 IgM-HBc
WABHTH A Z L, DMOF£0FEMIERYIC
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IEE © HBs HURBHE 430 50 BT BV 2 5 4 731
@ HBV BB ouaiE, AR 11M(26%), BH 104
1 (45.0%), C 1150 47 (34.9%), D AL 47 (1.0%),
SHEDH B WCITRIARRIC L 2R 71 51(165%) Th o
7. 1999 4ELIRTTIE, ARIGH) (21%), B 12840
(45.1%), CEI100#1(352%) CTdH - 7zDixt L, 2000
EPRETCIE, ABS5H (35%), BREI66H (452%), .
CH504) (342%) Thol. WFROEKIZBWT
3, HBs MUERBEHAEERCBIBY o/ ¥4 7O
FERICEEREIR ORGP0 .

BMEMWITAMAOY = ) ¥ 4 7O HBV i
DHIEE, 1999 48 DIRT BRI B L 2000 FRIEORC
B2/ %4 7BREOMAVEEICETL (10/17;
588% vs.1/17359% 1 p=0012), Y= / ¥ 4 7 A
O E &L HIMEI T o 72 (/17 5 11.8% vs.5/17;
294%, Fig.).

LR CEABRENTWAL HBV Ve /¥4 7 AR
BT X A BRAWIFIER 7 W% RT (Table). ¥V
2 F A TETARC Ae BITH o 7o BRI, BEAR
A6 OB Lhdw b BEMEAT B SEDR
REEZI b olz, TR SRR,
RECd I 3,6 ZRITIEWENR S ILBRATH -
Jz. EFLibo 6P E R D, BEERI 2L, B
BMRZ TS T ALT o R & HBs BB B % 154
SN, IgM-HBe FikBBHCH oz 2 &b d, BIIANK
FREZHESN, 93 7V riRE SR AEEEE
T, 0BT ITVVRETAVAKBERL, 7T 4
EoFsicdh ALTfHE Y 4 VAROKT 2 Rz,
FRREEEERE CHO CREBINTPrLH3 A%
NG 3TV VESMONERTR, BIBEFEEY
Al) OB E B LT, o 6 Flid, Skkkicw
T BRI RERE ALT OB EE v,
Z 0% UBs VIR OB HEREL Tn 5,
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1 (5.9%)

1 (5.9%)

1990-1999
(n=17)

Fig. Distribution of HBV genotypes in acute hepatitis B
Genotype B was found in 58.8% between 1990 and 1999, 5.9% between 2000 and 2009, while the prevalence of geno-
type A was increased from 11.8% (1990-1999) to 28.4% (2000-2009).

52 % 11 % (2011)

1(5.9%

BA
8B
BC
D
aNT

2000-2009

(n=17)

Table Characteristics of 7 patients infected with genotype A

as A N IgM HBsAg ¢
% 0.6 ¥ eﬁ?s) Sex A&‘g; a(xét/lé{(%c HIV Ab iﬁiﬁ%ﬁf Qutcome Treatment g}%:(t:?ioon Genotype
1 45 M 185 10.2 {(—} Persistently  chronicity LAM heterosexual Ae
positive

2 22 M 1282 41.3 {(-) 4 resolved ETV heterosexual Ae
3 26 M 2008 26.3 {—) 9 resolved ETV heterosexual Ae
4 49 F 557 226 (-} 5 resolved — heterosexual Ae
5 26 M 3650 299 {(—) 3 resolved - heterosexual Ae
6 56 M 2876 83 (—) 3 resolved — heterosexual Ae
7 55 F 1414 72 {(—) 5 resolved — heterosexual Ae

LAM: Lamivudine, ETV: Entecavir
*the first medical examination on admission

#EHBV Y/ ¥4 7 BEERZHRICENT,
HBs HiEBEFEEICED 5 HBV V. /) ¥ 4 TR
LR, Y2/ 547 BB LU CHOBYEHEGE
BEEBEZBOTCEEALELL TR LA
Linkir ol

F 7285 20 SEIC B 5 34 Hlo B MBEMIFEO HBV
Vx4 FOBETIE, 1999 EENICH Y =) ¥ A
7' B RS A E 0 5 D Tn A, Rl 10 4R T

HERZINWTHERBEALRLNEL ZoTwiz 1t
EHBYV YV /¥ 4 7 BRRRENERIC S VY
B, Yo ¥ 47 BREREO BHAEFENO
EAA% 2000 AEPRIC ABITET LTwW 5 & & Bk
W, —F, BERACEDL Y ¥ 47 CHEERED
AR O W0 EMTHEMNL T, Z0MHEE LT
Vol ¥ 47 ABEEOMNEME - T, AMICB
BERV2 54T THDHCERERELHENEN-T
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¥ AT BRIRESERAL, V) ¥ 47 A BRGNS
HERZICRIMLTETCWAZ EELNE R o7n B

AU QREERE RSB % ETRRCROP S

WHEBETL 0, BT AY /47T A
MEROWARICDS, SBETFCEETHLEND S
hoLkBbi,

#5585  HBV Y= / ¥ 4 7' B BRSO BREIBICB
W, &0 20 SEEIT, HBs UE B A SRS 5 Y -
J 547 BREBEEOFCEERVWI OO, BES
MREOY =/ 54 TORPEEE, Y=/ 5478
EHREBHLMOBIL, Va2 ¥4 7 ABRREENL T
7o WHROBEALOMED &0, RENZEFHARC
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KYEE
Hepatitis B virus genotypes in a hyperendemic
area for genotype B infection

Hisayoshi Watanabe””, Takafumi Saito?,
Kyoko Tomita”, Chikako Sato”, Rika Ishii”,
Hiroaki Haga”, Kazuo Okumoto”,
Yuko Nishise”, Sumio Kawata?

To elucidate genotypes of HBV carriers in a hyper-
endemic area for HBV genotype B infection and to ex-
amine the changes over time in genotypes responsible
for acute hepatitis B, 430 HBsAg-positive HBV carriers
were determined by genotypes and compared the lit-
eral translation of infection status according to two
time-period groups: a group seen between 1990 and
1999 and a group seen between 2000 and 2009.

In total, 45% had genotype B and 35% had genotype
C in both time-period groups, indicating no changes in
genotypes over time. Among 34 acute hepatitis B pa-
tients, the percentage of genotype B was significantly
lower in the present group (5.9%) than in the past
group (58.8%), while the prevalence of genotype A
tended to have increased in the last 10 years.

In conclusion, there was an increase in acute hepati-
tis B infection by genotype A in a hyperendemic area
for genotype B infection, even though there was no
large change of genotypes between the present and
the past percentages of subjects, A nation-wide surveil-
lance of HBV infection status is a matter of urgency in
terms of the universal vaccination for HBV.

Key words: HBV genotype, acute hepatitis,

genotype B
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Abstract

Background/Aims: Spontaneous acute exacerbation of chronic hepatitis B virus (HBV)
infection occasionally occurs in its natural history, sometimes leading rapidly to fatal hepatic
failure. We compared the effects of lamivudine (LAM) with those of entecavir (ETV) treat-
ments in acute exacerbation of chronic hepatitis B with 500 IU/L or higher alanine ami-
notransferase (ALT) levels.

Methods: Thirty-four patients with acute exacerbation were consecutively treated with
LAM /ETV. Their clinical improvements were compared.

Results: Among LAM-treated and ETV-treated patients, none showed a reduction of <! log
IU/mL in HBV DNA after | or 3 months of treatment. Initial virological response, defined as a
reduction of 4 log IU/mL in HBV DNA at 6 months, with LAM and ETV, respectively, was
83.3% and 100%. One LAM patient developed hepatic encephalopathy, but all patients in both
groups survived. Twelve months after treatment, 41.6% of 24 LAM group patients switched to
another drug or added adefovir to their treatment due to the emergence of LAM-resistant
mutants. On the other hand, patients receiving ETV did not need to change drugs.
Conclusions: ETV appears to be as effective as LAM in the treatment of patients with acute
exacerbation of chronic hepatitis B. Clinicians should carefully start to treat these patients as
soon as possible.

Key words: acute exacerbation, ALT, entecavir, HBV, lamivudine

INTRODUCTION

Chronic hepatitis B infection is associated with
the development of hepatocellular carcinoma [1]. In-
fection with hepatitis B virus (HBV) also leads to wide
a spectrum of liver injury, including acute,
self-limited infection, fulminant hepatitis, and chronic
hepatitis with progression to cirrhosis and liver fail-

ure, as well as to an asymptomatic chronic carrier
state [2, 3].

Reactivation of hepatitis B is a well-characterized
syndrome marked by the abrupt reappearance or rise
of HBV DNA in the serum of a patient with previ-
ously inactivated or resolved HBV infection [4]. Reac-
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tivation is often spontaneous, but can also be trig-
gered by cancer chemotherapy and immune suppres-
sion. Spontaneous acute exacerbation of chronic hep-
atitis B infection is seen with a cumulative probability
of 15-37% after 4 years of follow-up [5]. Prognosis is
generally poor in HBV carriers with spontaneous
acute exacerbation together with high alanine ami-
notransferase (ALT) levels, jaundice, and liver failure
[4, 6, 7]. This condition has been defined as
acute-on-chronic liver failure according to a recent
Asia-Pacific consensus recommendation [8]. Acute
exacerbation occasionally leads to a critical scenario,
meaning that clinicians need to treat this condition
immediately.

Lamivudine (LAM) is a reverse-transcriptase in-
hibitor of viral DNA polymerase with an excellent
profile of safety and tolerability, causing inhibition of
viral replication, and it is approved for antiviral
treatment of hepatitis B patients [9, 10]. LAM sup-
presses serum HBV DNA values in up to 98% of pa-
tients within a median period of 4 weeks, leading to
aminotransferase normalization, increased hepatitis B
e antigen (HBeAg) seroconversion rate, and im-
provement of histological parameters [11, 12]. A study
from Taiwan showed that LAM had a survival benefit
and was effective for patients with baseline bilirubin
levels below 20 mg/dL [7].

Entecavir (ETV), a deoxyguanosine analogue, is
a potent and selective inhibitor of HBV replication; its
in vitro potency is 100- to 1,000-fold greater than that
of LAM, and it has a selectivity index (concentration
of drug reducing the viable cell number by 50%
[CCs0]/ concentration of drug reducing viral replica-
tion by 50% [ECso]) of ~8,000 [13, 14]. At present, the
Japanese national health insurance system approves
ETV as the first-line therapy for chronic hepatitis B,
although some patients are treated with standard in-
terferon-alfa. ETV is a nucleoside analogue (NUC)
belonging to a new subgroup, cyclopentane [15], and
it has been shown to be highly effective in suppress-
ing HBV replication to an undetectable level and
normalizing ALT, although NUCs do not eradicate
the virus. ETV develops less resistance than LAM.

We undertook a retrospective study to compare
the efficacy of LAM with that of ETV in the reduction
of HBV DNA levels and associated improvement in
disease severity and biochemical recovery in patients
with acute exacerbation together with higher ALT
levels due to HBV reactivation.

MATERIALS AND METHODS
Patients

A retrospective analysis of LAM/ETV-treated
chronic hepatitis B patients at Chiba University Hos-

pital and Numazu City Hospital, Japan, between May
2003 and December 2009 was performed. The inclu-
sion criteria were: acute exacerbation of chronic hep-
atitis B characterized by an elevation of ALT level 2
500 IU/L along with HBV DNA 2 4.5 log IU/mL
presenting in a patient with diagnosed chronic liver
disease. The exclusion criteria were: acute hepatitis B,
superinfection with other viruses (hepatitis E, A, D, or
C), other causes of chronic liver failure [16, 17}, coex-
istent hepatocellular carcinoma, portal thrombosis,
coexistent renal impairment, pregnancy, coinfection
with human immunodeficiency virus (HIV), or pa-
tients who had received a previous course of NUC
treatment. This retrospective study protocol conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki as reflected in a priori approval by the Ethics
Committee of Chiba University, Graduate School of
Medicine [18].

Baseline assessment of patients

Retrospectively collected data included patient
demographics, clinical findings, all laboratory varia-
bles including virological tests and abdominal ultra-
sound. HBsAg, HBeAg, anti-HBe antibody and im-
munoglobulin M (IgM) anti-HBc antibody were de-
termined by ELISA (Abbott, Chicago, IL, USA) or
CLEIA (Fujirebio, Tokyo, Japan) [19]. HBV genotype
was determined from patients’ sera by ELISA (Insti-
tute of Immunology, Tokyo, Japan) as reported by
Usuda et al [20]. HBV DNA was measured by Roche
Amplicor™ PCR assay (detection limits: 2.6 log
IU/mL; Roche Diagnostics, Tokyo, Japan).

Definitions

Primary antiviral treatment failure was defined
as a reduction of < 1 log IU/mL in HBV DNA after 3
months of therapy. Initial virological response (IVR)
was defined as a reduction of 2 4 log IU/mL in HBV
DNA after 6 months of therapy [21].

Follow-up

Clinical assessment and routine investigations
were done every 15 days or every month for at least 6
months. HBV DNA measurements were repeated
monthly.

Statistical analysis

Statistical analyses were performed using Mi-
crosoft Excel 2010 for Windows™ 7 and StatView 5
(SAS Institute Inc, Cary, NC). Continuous variables
were expressed as mean % standard deviation and
were compared by two-factor analysis of variance
(ANOVA) and two-way repeated measures ANOVA.
Categorical variables were compared by Chi-square
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test. Baseline was taken as the date when the first dose
of LAM/ETV was administered. Statistical signifi-
cance was considered at a P-value < 0.05.

RESULTS

Patients

Between May 2003 and December 2009, 34 pa-
tients with spontaneous acute exacerbation of chronic
hepatitis B, with ALT levels 2 500 IU/mL and treated
with LAM or ETV, were consecutively enrolled and
retrospectively analyzed. 24 (70.5%) were treated with
LAM at 100 mg daily and 10 (29.4%) were treated with
ETV at 0.5 mg daily. All patients were followed for at
least 6 months. Mean follow-up in the LAM and ETV
groups was 55.5 + 25.4 and 16.5 + 9.9 months, respec-
tively.

Baseline characteristics

Baseline characteristics in the two patient groups
were similar (Table 1). Median age was 37 (21-73)
years and 79.4% were men. One patient of the LAM
group developed hepatic encephalopathy, but recov-
ered. All patients in both groups survived. At admis-
sion, the serological profile showed HBsAg positivity
in all 34 (100%); 22 (64.7%) were HBeAg positive. The
median HBV DNA level was 7.4 log IU/mL in the
LAM group and 7.9 log IU/mL in the ETV group
(Table 1).

Table I  Demographic, Clinical, and Laboratory Varia-

bles of Patients at Entry.

Parameters Total Pa- LAM (N=24) ETV (N=10) P-value
tients (N=34)

Age (years) 37 (21-73) 37 (21-73) 39 (24-67) NS

Male (%) 27 (79.4) 18 (75) 9 (90) NS

Cirrhosis 2/32 2/22 0/10 NS

(+/-)

ALT (IU/L) 986 995 1,046 NS
(523-2,450)  (523-2,450)  (523-2,140)

T. Bil 20(0.8-220) 24(0.8206) 1.6(1.9-22.0) NS

(mg/dL)

PT (%) 83 (24-121) 815 (24-119) 83.6 (35-121) NS

HBeAg 22/12 18/6 4/6 NS

(+/-)

HBVDNA 76 (4887) 74(5287) 79(4887) NS

(log IU/mL)

0.001), and to 1.53 log IU/mL at 6 months (P < 0.001).
ETV also significantly reduced HBV DNA levels from
baseline 7.56 log IU/mL to 3.12 log IU/mL at 1 month
(P <0.001), to 2.14 log IU/mL at 3 months (P < 0.001),
and to 1.77 log IU/mL at 6 months (P < 0.001). There
were no differences in HBV DNA levels from baseline
to 6 months between the two groups. None with pri-
mary antiviral treatment failure was identified in ei-
ther group. There were no significant differences in
IVR between the two groups (Figure 1).

Reduction in ALT levels of total patients

LAM significantly reduced ALT levels from
baseline 1,130 IU/mL to 102 (P < 0.001) at 1 month, to
28.6 (P < 0.001) at 3 months, and to 23.1 (P < 0.001) at 6
months. ETV also significantly reduced ALT levels
from baseline 1,210 IU/mL to 117 (P < 0.001) at 1
month, to 25 (P < 0.001) at 3 months, and to 24.4 (P <
0.001) at 6 months. There were no differences in ALT
levels from baseline to 6 months between the two

groups (Figure 2).

s 10/10
B(100%)

Entecavir |

. . S § 20724
Lamivudine | 0 (83.30%)
0 20 40 60 80 100 120(%)
Figure I Initial virological response (IVR). IVR was de-

fined as a reduction of 2 4 log IU/mL in HBY DNA after 6
months of therapy [21].

LAM, lamivudine; ETV, entecavir; ALT, alanine aminotransferase;
T. BIL, total bilirubin; PT, prothrombin time; NS, statistically not
significant.

Reduction in HBY DNA of total patients

LAM significantly reduced HBV DNA levels
from baseline 7.24 log IU/mL to 3.27 log IU/mL at 1
month (P < 0.001), to 2.21 log IU/mL at 3 months (P <
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Figure 2 Efficacy of lamivudine and entecavir for ALT
levels. Lamivudine (N=24) vs. entecavir (N=10); data are
shown as mean * SD.
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Reduction in HBY DNA of HBeAg-positive
patients

It has been demonstrated that the levels of HBV
DNA in the HBeAg-positive phase were generally
higher than those in the ant-HBe-positive phase [19,
22]. HBeAg positivity is also associated with HBV
viremia and increased ALT levels in HIV/HBV
co-infected patients [23]. Next, we compared the re-
sponse to LAM or ETV in 18 or 4 HBeAg-positive pa-
tients, respectively (Table 2). LAM significantly re-
duced HBV DNA levels from baseline 7.52 log IU/mL
to 3.35 log IU/mL (P < 0.001) at 1 month, to 2.38 log
IU/mL (P < 0.001) at 3 months, and to 1.55 log IU/mL
(P <0.001) at 6 months. ETV also significantly reduced
HBV DNA levels from baseline 8.42 log IU/mL to 3.87
log IU/mL (P < 0.001) at 1 month, to 2.90 log IU/mL
(P < 0.001) at 3 months, and to 2.22 log IU/mL (P <
0.001) at 6 months. There were no differences in HBV
DNA levels from baseline to 6 months between the
two groups. Primary antiviral treatment failure was
not observed in either group. Four patients in the
LAM group did not achieve IVR.

Table 2 Demographic, Clinical, and Laboratory Varia-
bles of HBeAg-positive Patients at Entry.

anti-HBe antibody phase were seen in 18 LAM-treated
and in 4 ETV-treated patients, respectively.

3000

i

2500
NS

i

g‘ 2000

=T amivudine

P<0.0001 —Entecavir

NS NS NS NS

L

<

Lo
1

0 1 3 6 9 12 (months)

Figure 3 Efficacy of lamivudine and entecavir for ALT
levels in HBeAg-positive patients. Lamivudine (N=18) vs.
entecavir (N=4); data are shown as mean + SD.

Parameters '(]7Nota2121;atients LAM (N=18) ETV (N=4)  P-value
Age (years) 345 (2151) 365 (21-51) 30 (24-33) NS
Male (%) 18 (81.8) 14 (77.7) 4 (100) NS
Cirrhosis (+/-) 1/21 1/17 0/4 NS
ALT (IU/L) 1,030 1,990 1,363 NS
(523-2,450) (523-2,450)  (980-1,620)
T. Bil (mg/dL) 1.75 (0.8-20.6) 2.0 (0.8-20.6) 1.5(1.0-18.7) NS
PT (%) 77 (24-119) 73.6 (24-119) 95.0 (44.1-113) NS

HBeAg (+) 22 18 4

HBV DNA 76(55-88) 76(55-87) 86(7.6-87) NS
(log IU/mlL)

LAM, lamivudine; ETV, entecavir; ALT, alanine aminotransferase;
T. BIL, total bilirubin; PT, prothrombin time; NS, statistically not

significant.

Reduction in ALT levels of HBeAg-positive
patients

LAM significantly reduced ALT levels from
baseline 1,150 IU/mL to 84 (P < 0.001) at 1 month, to
27.5 (P < 0.001) at 3 months, and to 22.0 (P <0.001) at 6
months. ETV also significantly reduced ALT levels
from baseline 1,460 IU/mL to 230 (P = 0.0038) at 1
month, to 22.2 (P = 0.0016) at 3 months, and to 24.0 (P
= 0.0016) at 6 months. At 1 month after treatment, the
ALT levels of the LAM groups were lower than those
of the ETV group (P < 0.0001) (Figure 3). During fol-
low-up periods, 10 and 1 sero-converters of HBeAg to

Safety

No patient stopped taking medications. Twelve
months after treatment, 10 of 24 patients (41.6%) in the
LAM group switched from LAM to ETV (n=4) or
added adefovir (n=6) due to the emergence of
LAM-resistant mutants. On the other hand, patients
receiving ETV did not need to change their medica-
tion.

DISCUSSION

The present study compared the use of NUCs,
LAM and ETV, for the treatment of acute exacerbation
of chronic hepatitis B. The results clearly showed sig-
nificant benefits of a rapid reduction of HBV DNA
levels, compared with untreated patients in a previ-
ous report [4].

It was reported that ETV treatment is associated
with increased short-term mortality in patients with
severe acute exacerbation of chronic hepatitis B, but
that it achieves better virological response in the long
run [24]. We used LAM or ETV for patients with acute
exacerbation of chronic hepatitis B presenting with
ALT 2 500 IU/L in the present study. The effects of
LAM on HBV DNA levels were the same as those of
ETV (Figure 1). But the effects of LAM on ALT levels
after 1 month were stronger than those of ETV in
HBeAg-positive patients (Figure 3). In spite of the
limited number of these patients, the effects were
possibly related to immunomodulating activities of
LAM [25]. The patients’ prognoses were more favor-
able than in the previous report [4]. This might have
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depended on the fact that, in the present study,
treatment was begun as soon as possible, and some
patients may have had a milder grade of acute exac-
erbation of chronic hepatitis B than those in the pre-
vious report [4]. We believe that patients with acute
exacerbation of chronic hepatitis B need to be sub-
jected to treatment as promptly as possible.

The major routes of HBV infection in our country
have been mother-to-child transmission and blood
transfusion. However, cases with HBV transmitted
through sexual contact are increasing, especially
among HIV-1-seropositive patients [26]. One should
bear in mind that knowledge about interactions be-
tween ETV and anti-HIV nucleoside analogues is
limited [27]. Because long-term use of LAM induces
LAM-resistant mutants [28], we can only use LAM for
short-term treatment of patients with acute exacerba-
tion of chronic hepatitis B. On the other hand, the
present study also revealed that patients receiving
ETV did not need to change drugs.

Recently, there have been several reports that
reactivation of HBV is a fatal complication following
systemic chemotherapy or other immunosuppressive
therapy including rituximab and steroid therapies
mainly in HBsAg-positive and -negative lymphoma
patients. It is important to enable early diagnosis of
HBV reactivation as well as initiation of antiviral
therapy [29, 30].

In conclusion, ETV appears to be as effective as
LAM in the treatment of patients with acute exacer-
bation of chronic hepatitis B. Clinicians should start to
treat these patients with NUCs as soon as possible.
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SUMMARY. Quantitative serology for hepatitis B surface
antigen (HBsAg) is a new candidate marker for prediction of
clinical outcome. The aim of this study was to investigate
the clinical significance of quantifying HBsAg in patients
with hepatitis B virus (HBV) infection. A total of 424
patients who tested positive for HBsAg and were referred to
Chiba University Hospital between January 1985 and April
2008 were included in the study, and the following
characteristics were analyzed: age, gender, status of hepatitis
B e antigen (HBeAg), alanine aminotransferase level (ALT),
HBV DNA level, number of platelets and development of
hepatocellular carcinoma. Measurement of HBsAg was per-
formed using the chemiluminescent enzyme immunoassay
method. The study group consisted of 239 men and 185
women, and their average age was 40.6 £ 14.0 years.

HBsAg showed a positive correlation with HBV DNA level
(Pearson’s product moment correlation, r = 0.586,
P <0.001) and a weak inverse correlation with age
(r = 0.3325, P < 0.001). A control study, matched with age
and sex, was performed between two groups with and
without HBeAg seroconversion during follow-up period.
Compared with the age and sex-matched controls, the
change in HBsAg levels per year showed a significant
decrease 2 years before seroconversion (paired t-test,
P < 0.05). The serial measurement of quantitative HBsAg
level has the possibility of predicting the occurrence of
HBeAg seroconversion.

Keywords: chronic hepatitis B, HBeAg seroconversion, HBs
antigen quantification.

INTRODUCTION

An estimated 350 million persons worldwide are chronically
infected with HBV [1]. Chronic infection with HBV can
progress to cirrhosis, liver failure and hepatocellular carci-
noma (HCC), and is a major cause of mortality worldwide
[2,3]. Loss of hepatitis B e antigen (HBeAg), accompanied by
seroconversion to anti-HBe antibody, usually results in
normalized serum alanine aminotransferase (ALT) and

Abbreviations: ALT, serum alanine aminotransferase; cccDNA,
covalently closed circular DNA; CHB, chronic hepatitis B; CI, con-
fidence interval; CLEIA, chemiluminescent enzyme immunoassay;
ELISA, enzyme-linked immunosorbent assay; HBcrAg, hepatitis B
virus core-related antigens; HBeAg, hepatitis B e antigen; HBsAg,
hepatitis B surface antigen; HBV, hepatitis B virus; HBV DNA,
hepatitis B virus deoxyribo nucleic acid; HCC, hepatocellular carci-
noma; HCV, hepatitis C virus; IU, international units; LC, log copies;
NA, nucleoside/nucleotide analogues; OR, odds ratio; PCR, poly-
merase chain reaction; PegIFN, peginterferon; PLTs, number of
platelets; SD, standard deviation.
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decreased HBV DNA levels, and may lead to improved
hepatic necroinflammation and confer a better clinical out-
come [4-6]. In a recent study of the natural history of
chronic hepatitis B (CHB) in 3233 Asian patients, the
median age of HBeAg seroconversion was 35 years [7].
HBeAg seroconversion may occur spontaneously at a rate of
5-10% per year [8]. Thus, in clinical practice, HBeAg sero-
conversion is recognized as a successful serologic response to
the treatment of HBeAg-positive CHB.

Determining an accurate prognosis for HBV carriers,
based on clinical presentation, is important for clinical
management of the disease. Various studies have been per-
formed to distinguish the positive and negative prognostic
factors for HBV carriers. The level of HBV DNA, evaluated by
TagMan® PCR method, is an important predictor of clinical
outcome in patients with HBV infection [9], but its efficacy is
limited [10]. Therefore, we need another marker for pre-
dicting the clinical outcome of HBV carriers. Recently,
quantitative serology for hepatitis B surface antigen (HBsAg)
has been developed as one of the promising candidates. Chan
et al. [11] found that peginterferon (PegIFN) alfa-2a pro-
vided a significant reduction in HBsAg level in the sera of
patients with HBeAg-positive CHB. Moreover, HBsAg decline
was significantly associated with HBeAg seroconversion
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1 year post-treatment, and on-treatment HBsAg levels could
be used as an early predictor of durable off-treatment
response to PeglFN-based therapy in the individual patient.
Recently, Chan et al. [12] reported about HBsAg reduction
and the fluctuation in titre before and after HBeAg sero-
conversion of untreated patients.

In this study, based on a cohort of patients with CHB with
long-term follow-up, we investigated the HBsAg levels at
varijous stages of CHB. We also aimed to investigate the
value of quantitative HBsAg for predicting clinical outcomes
in HBeAg-positive CHB patients. Our results clarified the
importance of evaluating serum HBsAg levels in patients
with CHB.

MATERIAL AND METHODS

Patients

This was a retrospective analysis. Between January 1985
and April 2008, all patients visiting the Chiba University
Hospital and who were HBsAg-positive carriers (n = 676)
were approached for participation in the study. This study
was reviewed and approved by the institutional review board
of Chiba University School of Medicine. The patients’ consent
was obtained for the storage and use of serum. Patients who
were positive for hepatitis C virus antibody and those who
had another potential cause of chronic liver diseases (auto-
immune hepatitis and primary biliary cirrhosis) were ex-
cluded from the study. Those patients with <1 year of
observation or who had been given antiviral drugs (lami-
vudine or entecavir) at entry also were excluded from the
analysis. As a result, 424 patients were selected for further
analysis. To clarify the relationship between the level of
HBsAg and other factors, HBV DNA, alanine aminotrans-
ferase (ALT) and the number of platelets (PLTs) were ana-
lyzed. In addition, we analyzed whether the level of HBsAg
was related to the occurrence of HCC. The serum samples
from the patients were stored at —20 °C, and the oldest
sample obtained from each patient was used to define the
level of HBV DNA and HBsAg at entry.

Laboratory assays

Measurement of HBsAg was performed using the chemilu-
minescent enzyme immunoassay (CLEIA) method and the
HISCL-2000i (Sysmex Corporation, Kobe, Japan). HBeAg
and anti-HBe levels were determined by enzyme-linked
immunosorbent assay (ELISA; Abbott Laboratory, Chicago,
IL, USA). Anti-HCV was detected by ELISA (Ortho Diagnos-
tics, Tokyo, Japan). The serum HBV DNA level was quanti-
fied by polymerase chain reaction (PCR) assay (Amplicor
HBV Monitor; Roche Diagnostics, Basel, Switzerland) with a
linear range of quantification of 2.6-7.6 log copies (LC) per
mL. The six major genotypes of HBV (A-F) were determined
by ELISA (HBV Genotype EIA; Institute of Immunology Co.,
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Ltd., Tokyo, Japan). HBV serum core-related antigen
(HBcrAg) levels were measured using a CLEIA HBcrAg assay
kit (Fujirebio Inc., Tokyo, Japan).

Serial changes in HBsAg levels during long-term follow-up
of HBeAg-positive patients

To observe the serial changes in the HBsAg levels in HBeAg-
positive patients, we extracted the HBeAg-positive patients at
the beginning of the observation period. Among 424 HBsAg-
positive patients, 183 were HBeAg positive. To clarify the
long natural history of HBV carriers, we excluded those who
could not be followed for more than 5 years. Finally, 120
patients who could be followed for more than 5 years were
enrolled and their HBsAg levels were evaluated every year
with an error of <2 months.

Statistical analysis

The baseline data are presented as mean + SD or median
and range. The difference in the values of clinical parameters
between the two groups was analyzed by paired i-test,
unpaired t-test, Welch t-test and chi-square test. Pearson’s
product moment correlation coefficient analysis was used for
statistical analyses, as appropriate, with the statistical pro-
gram SPSS 16.1 (SPSS Inc., Chicago, IL, USA); a P value of
<0.05 was considered statistically significant.

RESULTS

Patient characteristics and the relationship between
HBsAg quantification and other clinical markers

The baseline clinical and virological characteristics of the 424
HBsAg-positive carriers are shown in Table 1. First, we
investigated the relationship between HBsAg and other
virological and clinical markers. The relationships of HBsAg
(log IU/mL) with age, gender, HBV genotype and HBeAg
status are illustrated in Fig. 1. Gender was not associated with
HBsAg titre (Fig. 1a). In contrast, the level of HBsAg in the
patients with HBV genotype C differed significantly from those
with genotype B (P < 0.05, unpaired t-test) (Fig. 1b). The
average of HBsAg titre was significantly higher in HBeAg-
positive patients compared with those who were HBeAg
negative, with statistical difference (unpaired t-test, P < 0.05,
Fig. 1c). HBsAg showed a significant positive correlation with
the HBV DNA level (Pearson’s product moment correlation,
r=0.586, P <0.001, Fig. 2a), and a weak and inverse
correlation between HBsAg and age is also shown (Fig. 2b).
In contrast, HBsAg did not show a good correlation with ALT
level or PLTs (Figs 2c¢,d). Next, we used the Cox proportional
hazards model to investigate whether HBsAg could be a
predictive marker for the occurrence of HCC. Screening for the
detection of HCC was performed based on the typical findings
of abdominal ultrasonography, dynamic computed tomog-
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HBeAg-positive

Table 1 Baseline characteristics of
HBsAg-positive patients

Parameters Total patients patients™

Total patients 424 120

Gender (male/female) 239/185 68/52

Age (average + SD) (years) 40.6 + 14.0 343 £13.1

HBeAg status (positive/negative) 183/241 120/0

HBYV DNA level (average + SD) 55+19 7.1 +£1.2
(log copies/mL)

ALT level (average % SD) (IU/L) 70.4 £ 79.3 93.2 £ 96.2

PLT number (average = SD) 20.8 £ 6.6 202 £6.2
(x10* number/uL)

Follow-up (average + SD) (years) 54 +5.1 10.0 £ 5.5

Genotype A/B/C/D/not determined 6/30/250/0/138 2/6/110/2

HBsAg level (average + SD) 3.42 +1.15 4.02 + 0.98
(log IU/mlL)

Antiviral drugs 48 34

HCC occurrence 18 4

ALT, alanine aminotransferase; PLT, the number of platelets; HCC, hepatocellular
carcinoma; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg,
hepatitis B e antigen; *120 patients of HBeAg-positive patients were followed for

more than 5 years.
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Fig. 1 The association between HBsAg level (log IU/mL) and (a) gender, (b) HBV genotype and (c) HBeAg status. There was
no significant difference between HBsAg and gender (P = 0.146, unpaired t-test). In contrast, compared with genotype B, the
level of HBsAg in the patients with HBV genotype C was significantly different (P < 0.05, unpaired t-test). There was a
significant difference according to the positive or negative status of HBeAg (P < 0.001, unpaired t-test). HBV, hepatitis B
virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen.

raphy, angiography and/or magnetic resonance imaging. For
all of the patients who were suspected as HCC by image
analysis, the diagnosis of HCC was confirmed by pathological
analysis. Univariate analysis revealed that age [compared
with young patients: odds ratio (OR) = 1.10, 95% confidence
interval (CI) = 1.01-1.11], number of PLTs (compared with
patients of low PLTs: OR = 0.98, 95% CI = 0.97-0.99) and
HBV DNA level (compared with patients of low HBV DNA
levels: OR = 1.32, 95% CI = 1.05-1.67) at baseline were
predictive factors for HCC occurrence, not HBsAg titre
(compared with patients of low HBsAg levels: OR = 0.79,

95% CI = 0.56-1.10). Multivariate analysis revealed that
age (compared with young patients: OR = 1.07, 95%
CI = 1.03-1.11) and number of PLTs (compared with
patients of low PLTs: OR = 0.99, 95% CI = 0.98-0.99) at
baseline were predictive factors for HCC occurrence.

The effect of serial change of HBsAg in HBeAg-positive
HBYV carriers

The baseline clinical characteristics of 120 HBeAg-positive
carriers are shown in Table 1, and the level of HBsAg were
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Fig. 2 Correlation between serum HBsAg levels and other clinical markers. (a) HBV DNA levels (Pearson’s product moment
correlation coefficient analysis; r = 0.586, P < 0.001), (b) age (r = 0.333, P < 0.001), (c) serum ALT levels (r = 0.181,
P < 0.001), (d) the number of platelets (r = 0.017, P = 0.347). HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen.

evaluated every year. The annualized rate of occurrence of
HCC was 0.41% and one patient died of HCC and liver fail-
ure, although the death caused from liver failure without
HCC was not observed. Seroconversion of HBeAg occurred
during the follow-up of 61 patients (average age
32.8 + 12.5 years). Antiviral drugs were used in 34
patients during follow-up. Of the 120 HBe-positive patients,
34 did not show HBeAg seroconversion and were not given
antiviral drugs. Although HBsAg in these patients tended to
decrease gradually year-by-year, there was a significant
difference only after 5, 9 and 10 years from entry (Mann—
Whitney U test, P < 0.05) (Fig. 3a). After the start of
antiviral drugs, the level of HBsAg showed a significant
decrease with statistical difference (paired t-test, P = 0.035)
(Fig. 3b). Interestingly, in the patients in whom HBeAg
seroconversion occurred during the natural course, the
changes in HBsAg levels per year showed a significant de-
crease 2 years before seroconversion compared with the
previous year (paired t-test, P < 0.05) (Fig. 3c). In addition,
the levels of HBsAg showed a significant decrease after
HBeAg seroconversion (paired t-test, P = 0.035).

© 2011 Blackwell Publishing Ltd

The serial change in HBsAg levels before and after HBeAyg
seroconversion compared with the age- and sex-matched
controls

Seroconversion of HBeAg has been reported to be influenced
by gender [13], and in addition, from our analysis, the levels
of HBsAg showed a gradual decrease. Therefore, we per-
formed a control study, matched with age and sex, between
two groups with and without HBeAg seroconversion during
follow-up period. We extracted the patients who were mat-
ched for age and sex and compared 18 who did not show
seroconversion through the course to 21 who showed
seroconversion spontaneously, without treatment with a
nucleotide analogue or interferon (IFN). A significant dif-
ference was not found in clinical background in this control
study (Table 2). The changes in HBsAg levels in the groups
with and without HBeAg seroconversion are shown in
Fig. 4a. The level of HBsAg in the two groups gradually
decreased over time, but the decline of HBsAg in the patients
without HBeAg seroconversion was not significant over the
course of a year. On the contrary, in the patients in whom
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Fig. 3 The serial change of HBsAg level in HBeAg-positive
patients with (a) no HBeAg seroconversion and no use of
antiviral drugs (n = 34), (b) the use of antiviral drugs

(n = 32), (c) HBeAg seroconversion during the follow-up
period (n = 35). (a) Compared with the level at entry, a
continuous decrease was not observed, although there was
a significant difference only after 5, 9 and 10 years from
entry (P < 0.05, Mann-Whitney U test). (b) The level of
HBsAg showed a statistically significant decrease after
commencement of antiviral therapy (P < 0.05, paired t-
test). (c) HBsAg showed a significant decrease at 2 years
before seroconversion (1P < 0.05, paired t-test). HBsAg,
hepatitis B surface antigen; HBeAg, hepatitis B e antigen.

HBeAg seroconversion occurred during the natural course,
the changes in HBsAg levels per year showed a significant
decrease 2 years before seroconversion compared with the

previous year (paired t-test, P < 0.05) (Fig. 4a). Next, we
compared the difference in HBsAg levels between the two
groups. There was a significant difference between the two
groups 1 year before, on and after HBeAg seroconversion
(unpaired t-test, P < 0.05). The HBeAg titre did not differ
significantly between the two groups before seroconversion
(Fig. 4b). The levels of HBcrAg showed an obvious decrease
after HBeAg seroconversion, but before this, there was no
significant decrease in the patients with or without HBeAg
seroconversion (Fig. 4c).

DISCUSSION

The natural history of CHB is typically regarded as consisting
of some phases that have been classified mainly by serum
ALT levels, HBeAg and HBsAg serostatus, and HBV DNA
levels. The understanding of the natural history of CHB has
been facilitated by the improved sensitivity of serological and
virological makers. HBsAg was the first HBV-encoded pro-
tein to be discovered [14]. Detection of HBsAg in serum is the
fundamental diagnostic marker of HBV infection. HBsAg is a
component of the Dane particle, which contains the viral
genome, and subviral particles, but the mechanisms that
regulate the production of HBsAg, particularly the subviral
particles, are largely unclear [15]. Excess HBsAg may serve
as a possible mechanism for evading the host immune
responses, in that anti-HBs antibodies provide protective
immunity [16]. One of our aims was to determine the
change of HBsAg levels during the natural history of infec-
tion. Thompson et al. [17] reported that the level of HBsAg
was related to the HBeAg status, as seen here. Some studies
reported that positive correlations have been observed
between the level of HBsAg and serum HBV DNA [18,19],
again as seen here, but another study reported no such
correlation [20]. Regarding the relationship with age,
Kohmoto et al. [19] reported that the level of HBsAg was
negatively correlated with the patient’s age. We also found a
weak and negative correlation between the levels of HBsAg
and age, but in the analysis only of HBeAg-positive patients
who did not show HBeAg seroconversion and who were not
treated with antiviral drugs during follow-up period, the
serial change of HBsAg levels showed no obvious decrease.
Thus, the patients’ age might have a direct effect on the level
of HBsAg, but clinical events such as HBeAg seroconversion
or the treatment of antiviral drugs might have a greater
impact. Some studies reported that the level of HBsAg
showed the difference among HBV genotypes [20,21]. In

fact, we showed that the level of HBsAg in the patients with

HBV genotype B was less than genotype C, but a limitation of
this study was that most HBV carriers in our analysis were
infected with genotype C of HBV. Therefore, we could not
clarify the difference of HBsAg level among genotypes during
HBeAg seroconversion.

In this study, a high HBsAg level was not related to the
high incidence of HCC. In contrast, age, PLTs and the HBV
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