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monitoring antiviral effects because the transcription of
these two antigens are regulated by alternative enhancer-
promoter systems in the HBV genome.® Therefore, we
analyzed both of these antigens to elucidate their ability
to predict relapse of hepatitis after discontinuation of
NAs.

Multivariate analysis demonstrated that levels of
HBsAg and HBcrAg at the time of NA discontinuation
were independent factors significantly associated with
relapse of hepatitis. Thus, we believe these factors can
also be applied for predicting relapse in patients whose
HBV DNA is lower than 3.0 log copies/mL and whose
HBeAg is negative at NA discontinuation. HBV DNA
levels were further analyzed using a highly sensitive
assay based on real-time polymerase chain reaction
(PCR). However, even the level of a negative signal
did not ensure successful discontinuation of NAs. The
results obtained here indicate that the combined use of
HBV-related antigens are useful makers for monitoring
the effect of anti-viral treatment in ways different from
HBV DNA. Finally, since prolonged NA administration
was also a significant factor associated with safe discon-
tinuation, physicians are advised to continue patient
treatment for at least 16 months for the best possible
outcome.

- From our data, a tentative model for predicting
relapse of hepatitis after discontinuation of NAs was
constructed using levels of HBsAg and HBcrAg at dis-
continuation. A negative result for HBeAg and HBV
DNA lower than 3.0 log copies/mL at the time of NA
discontinuation are the essential conditions in this
system. Levels of HBsAg and HBcrAg were each con-
verted into scores from 0 to 2 partly because two cut-off
values were needed for each antigen and partly because
a scoring system may be more convenient for clinical
use. The sum of the two scores, which ranged from 0 to
4, was used to prospect relapse. We found that group 1
patients who had a low score (0) could be recom-
mended to discontinue NAs because nearly 90% of
this group achieved successful discontinuation. Further
analysis of factors associated with relapse are needed for
group 2 patients who had middle range scores (1 or 2),
since the odds of achieving successful discontinuation
were approximately 50%. Continuation of NA treat-
ment is recommended for group 3 patients having high
scores (3 or 4) because nearly 90% of this group
relapsed. However, this recommendation may be recon-
sidered in patients younger than 40 years; such cases
tended to have a lower relapse rate in group 3. It is also
noteworthy that relapse occurred mainly during the first
and second years following NA discontinuation in
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all groups, similarly to a report by Liu et al.* Thus,
clinicians should be vigilant in the early phase after
discontinuation.

This study has several limitations. The patients who
discontinued NAs were recruited retrospectively, and
thus the decision to halt NA treatment was made by
individual physicians without uniformly established cri-
teria. Based on this, prospective studies are required to
confirm our results. Furthermore, as over 90% of the
patients we enrolled had genotype C and over 90% of
cases were treated with LVD until discontinuation, the
results obtained here can not be applied directly to other
HBV genotypes or other types of NAs.

In conclusion, the present study showed that maximal
levels of serum ALT and HBV DNA were useful for defin-
ing relapse patients after discontinuation of NAs. Along
with serum HBV DNA of less than 3.0 log copies/mL
and negative serum HBeAg, serum levels of HBsAg and
HBcrAg at the time of NA discontinuation were able to
predict relapse of hepatitis B and should therefore
be considered when establishing uniform guidelines
regarding the safe withdrawal of NA treatment. To this
end, NA administration of more than 16 months is
advisable to achieve successful discontinuation.
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ORIGINAL ARTICLE

Hepatitis B virus strains of subgenotype A2 with an
identical sequence spreading rapidly from the capital
region to all over Japan in patients with acute

hepatitis B

Yoko Tamada,"? Hiroshi Yatsuhashi,? Naohiko Masaki,®> Makoto Nakamuta,”*
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ABSTRACT

Objective To examine recent trends of acute infection
with hepatitis B virus (HBV) in Japan by nationwide
surveillance and phylogenetic analyses.

Metheds During 1991 through 2009, a sentinel
surveillance was conducted in 28 national hospitals in
a prospective cohort study. Genotypes of HBV were
determined in 547 patients with acute hepatitis B.
Nucleotide sequences in the preS1/S2/S gene of
genotype A and B isolates were determined for
phylogenetic analyses.

Results HBV genotype A was detected in 137 (25%
(accompanied by genotype G in one)) patients, B in 48
(9%), C in 359 (66%), and ather genctypes in the
remaining three (0.5%). HBV persisted in five with
genotype A including the one accompanied by genotype
G; another was co-infected with HIV type 1. The
genotype was A in 4.8% of patients during 1991—1996,
29.3% during 1997—2002, and 50.0% during
2003—2008 in the capital region, as against 6.5%, 8.5%
and 33.1%, respectively, in other regions. Of the 114
genotype A isolates, 13 {11.4%) were subgenotype A1,
and 101 (88.6%) were A2, whereas of the 43 genotype
B isolates, 10 {23.3%) were subgenotype B1, 28 (65.1%)
were B2, two {4.7%) were B3, and three {7.0%) were
B4. Sequences of 65 (64%) isolates of A2 were identical,
as were three (23%) of A1, and five (18%) of B2, but
none of the B1, B3 and B4 isolates shared a sequence.
Conclusions Acute infection with HBV of genotype A,
subgenotype A2 in particular, appear to be increasing,
mainly through sexual contact, and spreading from the
capital region to other regions in Japan nationwide.
Infection persisted in 4% of the patients with genotype
A, and HBV strains with an identical sequence prevailed
in subgenotype A2 infections. This study indicates the
need for universal vaccination of young people to prevent
increases in HBV infection in Japan.

Hepatitis B virus (HBV) has been classified into 10
genotypes, designated A—J, based on a >8% diver-
gence in the full-genome sequence.’™” Different
genotypes are associated with distinct clinical
manifestations, such as severity and progression of

liver disease, as well as response to antiviral
treatments.” *° Some genotypes are subclassified:
genotype A into at least two subgenotypes, Al

(Asian/African type) and A2 (European type)''™'%;
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B into B1 (Japanese type) and B2 (Asian type)'* '°; and C into
C1 (Southeast-Asian type) and C2 (East-Asian type).'S Subge-
notypes also influence the replication of HBV and clinical

manifestation.® 7 18

According to a report from Japan in 2001,”” genotype C was
the most prevalent (84.7%), followed by genotype B (12.2%) and
A (1.7%), among patients with chronic hepatitis B. In 2002,
genotype A became the most prevalent in patients with acute
hepatitis B (AHB) around Tokyo, the capital region of Japan.?° 2!
Several reports have shown that infection with HBV genotype A
is associated with particular sexual behaviours, such as homo-
sexual activity and promiscuous sexual contacts, and tends to
persist longer than that with HBV genotype C.** % These
reports have raised concerns about the horizontal HBV infection
in adults, which, in general, is considered to resolve spontane-
ously. However, adult-acquired HBV infection may result in
chronic HBV infection in some instances.

Information on changes in genotype distribution over time, as
well as genotype-specific clinical manifestations, may help in
planning preventive measures and antiviral therapy strategies.
Therefore it is important to examine how genotype A infection
has spread in Japan, and what clinical and virological charac-
teristics it possesses.

We have been conducting a nationwide, sentinel surveillance
on acute viral hepatitis for more than 80 years. As part of this
surveillance, a prospective cohort study has been conducted on
547 patients with AHB in 28 medical centres over the 19 years
from 1991 to 2009. Geographical and longitudinal distributions
of HBV genotypes/subgenotypes were surveyed, and their
influence on clinical outcome was evaluated.

1719

PATIENTS AND METHODS
Patients
A total of 681 patients with sporadic AHB were enrolled
consecutively in a survey carried out by the Japan National
Hospital Acute Hepatitis Study Group JNHAHSG). They were
admitted to 28 national hospitals from January 1991 to the end
of December 2009. They were grouped geographically into two
areas: the capital region (Gunma, Saitama, Tokyo and Kana-
gawa) and other regions (figure 1). Patients were also longitu-
dinally categorised into three periods: 1st (1991—1996), 2nd
(1997—2002) and 3rd (2003—2008). In addition, the year 2009
provided the most recent data. Of the 681 patients, 547 (80.3%)
entered the study, for whom serum samples were available on
admission and had been stored at —20°C.

The diagnosis of AHB was based on the following criteria: (1)
acute onset of liver injury without a history of liver dysfunction;
(2) detection of hepatitis B surface antigen (HBsAg) in the
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Figure 1 Locations of participating hospitals in Japan. Hospitals in the
capital region {(M1—M8) are indicated by eight closed circles, and those
in other regions (09—028) by 20 open circles. Numbers in parentheses
indicate the total number of enrolled subjects for each site. The hospitals
are: M1, Nishigunma Hospital, Gunma; M2, Nishisaitama-Chuo Hospital,
Saitama; M3, National Disaster Medical Center, Tokyo; M4, Tokyo
Hospital, Tokyo; M5, Tokyo Medical Center, Tokyo; M6, National Center
for Global Health and Medicine, Tokyo; M7, Sagamihara Hospital,
Kanagawa; M8, Yokohama Medical Center, Kanagawa; 09, Asahikawa
Medical Center, Hokkaido; 010, Hokkaido Medical Center, Hokkaido;
011, Sendai Medical Center, Miyagi; 012, Matsumoto Medical Center,
Nagano; 013, Kanazawa Medical Center, Ishikawa; 014, Nagoya
Medical Center, Aichi; 015, Kyoto Medical Center, Kyoto; 016, Osaka
National Hospital, Osaka; 017, Osaka-Minami Medical Center, Osaka;
018, Zentsuji Hospital, Kagawa; 019, Yonago Medical Center, Tottori;
020, Okayama Medical Center, Okayama; 021, Kure Medical Center and
Chugoku Cancer Center, Hiroshima; 022, Kokura Medical Center,
Fukuoka; 023, Kyushu Medical Center, Fukuoka; 024, Beppu Medical
Center, Oita; 025, Oita Medical Center, Oita; 026, Kumamoto Medical
Center, Kumamoto; 027, Ureshino Medical Center, Saga; and 028,
Nagasaki Medical Center, Nagasaki.

serum; (3) positivity for IgM antibody to HBV-core antigen
(IgM anti-HBc) in high titres (detectable in sera diluted 10-fold);
and (4) absence of past or family history of chronic HBV
infection. Severe acute hepatitis (SAH) was defined as
prothrombin time (PT) =40% and hepatic encephalopathy of
grade =I. Fulminant hepatitis (FH) was diagnosed from PT
=40% and hepatic encephalopathy of grade =II. Patients in
whom HBsAg remained in the serum for >6 months after onset
were considered to have acquired chronic HBV infection. The
following information was collected from each patient: year and
age at onset, gender, residential area, HBsAg, IgM anti-HBc,
alanine aminotransferase, total bilirubin, PT, severity of liver
disease, mortality, routes of transmission, sexual behaviours,
travelling abroad in recent past, HBV genotype, mutations in
precore (PreC) and core promoter (CP) regions, and RNA of
hepatitis D virus. Antibody to HIV type 1 (anti-HIV) was
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determined in patients who were at high risk and gave consent
to testing.

Informed consent was obtained from each patient. The study
protocol conforms to the ethical guidelines of the 1975 Decla-
ration of Helsinki and the Ministry of Education, Culture,
Sports Science and Technology of Japan, and was approved by
the ethics committee of each institution.

Extraction of HBV DNA

HBV DNA was extracted from serum (100 pl) by the SMITEST
EX-R&D Nucleic Acid Extraction Kit (MBL Co, Nagoya, Japan)
and used for genotyping/subgenotyping and detecting muta-
tions in PreC and CP regions.

HBV genotypes

Genotypes were determined in Nagasaki Medical Center with
the SMITEST HBV Genotyping Kit (MBL) by hybridisation
with type-specific probes immobilised on a solid-phase
support.

Determination of HBV subgenotypes

For subgenotyping, HBV DNA was amplified by PCR with
TaKaRa Ex Taq (Takara Bio, Shiga, Japan). PCR was performed
with appropriate nested primers to amplify a ~1.2 kb sequence
in the preS1/S2/S gene (nucleotides 2854835 in the reference
isolate (AB116077)). PCR products were purified, subjected to
cycle sequencing reaction with the BigDye Terminator v1.1
(Applied Biosystems, Tokyo, Japan), and applied to the DNA
sequencer (3100-Avant; Applied Biosystems).

Mutations in the PreC and CP regions

The A1896 mutation in the PreC region was detected by the
enzyme-linked minisequence assay (SMITEST HBV PreC ELMA,;
Roche Diagnostics, Tokyo, Japan), and mutations in the CP
region for T1762/A1764 by the enzyme-linked specific probe
assay (SMITEST HBV Core Promoter Mutation Detection Kit;
Roche Diagnostics). The results were recorded as ‘wild-type’ and
‘mutant types’ dominantly expressed by HBV isolates.

Phylogenetic analyses

Nucleotide sequences were aligned, and phylogenetic trees were
constructed by the CLUSTAL W program v1.83 (DDBJ home-
page: http://clustalw.ddbj.nig.ac.jp/top-j.html). The statistical
validity was assessed by bootstrap resampling with 1000 repli-
cates. Reference HBV strains were retrieved from the GenBank
database.

Statistical analysis

Results were expressed as percentage or mean=SD. Statistical
differences were evaluated by %> and Fisher exact tests for
categorical variables, and analysis of variance and Scheffe’s test
for quantitative variables, using the SPSS software. The 95% CI,
for the difference in means, was calculated in analyses for
quantitative variables. p<0.05 was considered significant.

RESULTS

Distribution of HV genotypes

HBV genotypes were determined in the 547 patients with AHB.
The genotype was A in 137 (25.0%) patients (accompanied by G
in one (0.2%)), B in 48 (8.8%), C in 359 (65.6%), D in one (0.2%),
E in one (0.2%), and H in one (0.2%). Because HBV %enotype G
is a defective virus and cannot replicate by itself,?® ? the single
patient with mixed genotypes A and G was included in the 137
patients with genotype A in further analyses. RNA of hepatitis
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D virus was detected in three of the 453 (0.7%) patients. Anti-
HIV was examined in patients at high risk of infection and
detected in 14 of the 53 (26.4%) who gave consent to testing.

Demographic and clinical differences among patients infected
with HBV of distinct genotypes

Demographic and clinical characteristics of patients with
different genotypes are compared in table 1. There was no
difference in mean age among patients with genotypes A, B and
C. The proportion of men was higher in patients with genotype
A than B or C (94.2% vs 79.2%, p<0.05; or 56.0%, p<0.0001),
and in those with genotype B than C (79.2% vs 56.0%, p<0.05).

Maximum levels of total bilirubin were higher in patients
with genotype A than C (9.6x7.6 vs 7.1£6.2 mg/dl, p<0.05),
with a difference of 2.5 mg/dl (95% CI 0.93 to 4.08), whereas the
highest alanine aminotransferase activity and lowest PT values
did not differ among patients with distinct genotypes.

SAH developed in four (2.9%) patients with genotype A, four
(8.3%) with genotype B, and 26 (7.2%) with genotype C. FH
developed in one (2.1%) patient with genotype B and eight
(2.2%) with genotype C; no patients with genotype A developed
FH. Eight (1.5%) patients died, including one with genotype B
and seven with genotype C. There were no significant differ-
ences among patients with different genotypes in the frequency
of SAH or FH or mortality.

The outcome of AHB was traceable in 514 of the 547 (94.0%)
patients. Chronic infection with persistence of HBsAg for >6
months developed in five of the 123 (4.1%) patients with
genotype A (including the one accompanied by genotype G),
none of the 46 (0%) with genotype B, and none of the 342 (0%)
with genotype C; it was more common in patients with geno-
type A than C (p<0.05). HBV infection persisted exclusively in
the patients with genotype A, either alone (four patients) or
together with genotype G (one).

Among the five patients who acquired chronic HBV infection,
four (three with genotype A and one with mixed genotypes A
and G) were examined for anti-HIV, and one with genotype A
was found to be positive. HBV infection persisted in three
(including the one with anti-HIV) of the five patients for
>1 year after the onset, and the remaining two (both without
anti-HIV) cleared HBsAg from the serum after retaining it for
>6 months.

Mutations in the PreC and/or CP region were detected in 3.7%
(4/109) of patients with genotype A, 15.4% (6/39) of those with
genotype B, and 25.5% (79/310) of those with genotype C. They
were significantly less common in patients with genotype A
than B or C (Avs B, p<0.05; Avs C, p<0.0001). The only patient
with genotype A who had the PreC mutation was simulta-
neously infected with genotype G.

Routes of transmission were identifiable in 275 of the 547
(60%) patients, and the main route was heterosexual contacts;
those in the remaining patients could not be disclosed. The
frequency of heterosexual activity did not differ among patients
with distinct genotypes. However, homosexual activity was
more common in patients with genotype A than B or C (21.2%,
0% and 0.8%, respectively (A vs B, p<0.001; A vs C, p<0.0001)).
Among the 32 homosexual men, HBV genotype A was detected
in 29 (91%). Consent to anti-HIV testing was given by 10 of the
29 patients, and four of these (40%) were positive.

Longitudinal changes in the distribution of genotypes

Figure 2 illustrates changes in the distribution of HBV genotypes
through three 6-year periods over 18years (1991-2008). In
addition, data from 2009 are shown. HBV genotype A accounted
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Table 1 Demographic and clinical characteristics of patients with acute hepatitis who were infected with HBV of different genotypes (1991—2009)
HBV genotypes
Feature Total (n="547) A (n=137)1 (25.0%) B (n=48) (8.8%) C {n=2359) (65.6%) Others (n=3)% (0.5%)
Age (years) 35.6+14.8 35.2+12.2 39.6+15.6 35.1£15.5 49.7-13.6
Male 367 (67.1%) 129 (94.2%)9 * 1 *** 38 (79.2%)t1 * 201 (56.0%) 3 (100%)
ALT {lUN)§ 2553+1563 22891069 25571412 2342+1728 33332406
T-Bil {mg/dl)§ 7.8+6.7 9.6+7.611* 1.7+174 7.1+6.2 9.0+25
PT (%)8 746226 75.2+15.9 73.8+245 747245 15.8+F
Severe hepatitis 34 (6.2%) 4 (2.9%) 4 (8.3%) 26 (7.2%) 0 (0.0%)
Fulminant hepatitis 10 {1.8%) 0 (0.0%) 1(2.1%) 8 (2.2%) 1 (33.3%)
Mortality 8 (1.5%) 0 (0.0%) 1(2.1%) 7 (1.9%) 0 {0.0%)
HBsAg persisting >6 months 5/514 (1.0%) 5/123 {4.1%)11 * 0/46 (0.0%) 0/342 {0%) 0/3 {0.0%)
PreC/CP mutations
PreC 43/461 (9.3%) 1/109 {0.9%)9 * +1 * 6/39 (15.4%) 34/310 (11.0%) 2/3 (66.7%)
cP 69/461 (15.0%) 3/109 (2.8%) 11 *** 0/39 {0.0%)t1 * 63/310 (20.3%) 3/3 (100%)
PreC and/or CP 92/461 {20.0%) 4/109 (3.7%)9 * +1 *** 6/39 (15.4%) 79/310 (25.5%) 3/3 (100%)
Transmission route
Homosexual 32 (5.9%) 29 (21.2%)q ** 1 *** 0 (0.0%) 3 (0.8%) 0 (0.0%)
Heterosexual 217 (39.5%) 52 (38.0%) 25 (52.1%) 139 (39.6%) 1 (33.3%)
Medical procedure 16 (2.9%) 2 (1.5%) 2 (4.2%) 12 (3.3%) 0 (0.0%)
Other 10 {1.8%) 1 (0.7%) 1(2.1%) 7 (1.9%) 1 (33.3%)
Undetermined 272 (49.7%) 53 (38.7%)t1 * 20 (41.7%) 198 (55.2%) 1 (33.3%)
Anti-HIV 14/53 (26.4%) 11/35 (31.4%) 0/3 (0.0%) 3/15 (20.0%) 0/0

Values are mean=SD or number (%).
10ne patient with genotype A was simultaneously infected with genotype G.
$Each patient was infected with genotype D, E or H.

§Highest values during the clinical course are shown for ALT and T-Bil, and lowest values for PT.

Statistical analysis was performed to compare genotypes A, B and C.
qSignificantly different compared with genotype B.

1 1Significantly different compared with genotype C.

*p<0.05, **p<0.001, ***p<0.0001.

F4Data from the patient with genotype E only.

ALT, alanine aminotransferase; CP, core promoter; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; PreC, precore; PT, prothrombin time; T-Bil, total bilirubin.

for 6% (9/150) in the 1st period, 15.4% (19/123) in the 2nd, and
39.4% (89/226) in the 3rd, with significant differences between
1st and 2nd (p<0.05), 2nd and 3rd (p<0.0001), and 1st and 3rd
(p<0.0001). Conversely, AHB associated with genotype C
decreased through three periods with significant differences,
while AHB associated with genotype B did not change
appreciably.

On the basis of these results, the yearly incidence in each of
the three 6-year periods is calculated to be: 25.0 cases including
1.5 with genotype A in the 1st period; 20.5 cases including 3.2
with genotype A in the 2nd; and 37.7 cases including 14.8 with
genotype A in the 3rd. Hence, the incidence of AHB had not
changed markedly over the 12 years from 1991 to 2002, but
increased thereafter until 2008. Of the increment in the 3rd
period of 17.2 (37.7 minus 20.5) cases, there were 11.6 (14.8
minus 3.2) with genotype A; they accounted for 67% (11.6/17.2)
of the recent increase in AHB.

Regional distributions and lengitudinal changes in genotype A

Among the 183 patients from the capital region, the genotype
was A in 65 (35.5%), B in 22 (12.0%), C in 94 (61.4%), E in one
(0.5%), and H in one (0.5%) (table 2). Of the remaining 364
(66.5%) patients from other regions, by contrast, the genotype
was A in 72 (19.8%), B in 26 (7.1%), C in 265 (72.8%), and D in
one (0.3%). Genotype A was significantly more common in the
capital than in other regions (35.5% vs 19.8%, p<0.0001). In the
capital region, genotype A accounted for 4.8% (2/42) in the 1st
period, 29.3% (12/41) in the 2nd, and 50.0% (42/84) in the 3rd.
There were significant differences between the 1st and 2nd
periods (p<0.05), 2nd and 3rd (p<0.05), and 1st and 3rd
(p<0.0001). In other regions, by contrast, genotype A accounted
for 6.5% (7/108) in the 1st period, 8.5% (7/182) in the 2nd, and
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33.1% (47/142) in the 3rd. For the first time in other regions,
genotype A increased in the 3rd period, in comparison with the
1st and 2nd (Ist vs 3rd, p<0.0001; 2nd vs 3rd, p<0.0001).

Subgenotypes of genotype A

Of the 137 genotype A isolates, amplification and sequencing of
HBV DNA were feasible in 114 (83.2%); the isolate from the
single patient with genotypes A and G was excluded. A phylo-
genetic tree was constructed, on the entire preS1/52/S genes of
~1.2 kb, for these 114 isolates along with 34 genotype A isolates
retrieved from the database (figure 3).

Of the 114 isolates in this study, 101 (88.6%) were subgeno-
type A2, and the remaining 13 (11.4%) were subgenotype Al. In
a pair-wise comparison, the sequence divergence among the 101
subgenotype A2 isolates was 0—1.3%, and that among the 13
subgenotype Al isolates spanned 0% to 2.3%. The sequence
divergence between subgenotype A2 and Al isolates ranged from
2.6% to 4.7%.

A sequence of 1203 nucleotides was possessed in common by
three of the 101 (3%) isolates of subgenotype A2. For conve-
nience, the group comprising these three isolates was labelled
‘identical group I'. Likewise, an additional six ‘identical groups’
were found, and numbered from ‘II’ to ‘“VII'. They comprised 35
(35%), seven (7%), two (2%), three (3%), 12 (12%) and three
(83%) of the 101 isolates of subgenotype A2. In contrast, only one
identical group, designated ‘VIIT', was constructed by three of
the 13 (23%) isolates of subgenotype Al.

Some isolates of subgenotype Al and A2 were obtained from
patients who had travelled to foreign countries in the recent past
(6/13 (38.5%) patients with Al to Africa, Philippines, Myanmar
and China; and 5/101 (5.0%) patients with A2 to Europe,
Thailand, Brazil and the USA). '
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Figure 2 Distribution of hepatitis B
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Subgenotypes of genotype B

Of the 48 isolates of genotype B, subgenotyping was feasible in
43 (90.0%). A phylogenetic tree was constructed on preS1/52/S-
gene sequences from these 43 isolates, along with those from 25
isolates of genotype B retrieved from the database (figure 4). Of
the 43 isolates in this study, 10 (23.3%) were subgenotype B1, 28
(65.1%) were B2, two (4.7%) were B3, and three (7.0%) were B4.
In a pair-wise comparison, the sequence divergence among 10
subgenotype Bl isolates ranged from 0.4% to 1.4%, and that
among 28, two and three isolates of subgenotypes B2, B3 and
B4 spanned 0—1.7%, 0.5% and 0.6—0.8%, respectively. The
inter-subgenotype divergence among B1—B4 ranged from 0.6%
to 4.4%.

One ‘identical group’ made up of five isolates was detected
among the 28 of subgenotype B2; it was named ‘IX’. In contrast,
no ‘identical group’ was found in 10, two or three isolates of
subgenotype B1, B3 or B4.

Some isolates of subgenotypes B2, B3 and B4 were obtained
from patients who had travelled to foreign countries in the
recent past (7/28 (25.0%) patients with B2 to China and other
countries; 1/2 (50.0%) patients with B3 to a country unknown;
and 1/3 (33.3%) patients with B4 to Vietnam). However, none of
the 10 subgenotype Bl isolates was associated with travel to
foreign countries.

41.7

{123 Patients) (226 Patients) (48 Patients)
19872002 20032008 2008
2nd Period 3rd Period

Identical groups
The proportion of isolates that shared a sequence in identical
groups was higher for subgenotype A2 (64.4%) than for Al, B1,
B2, B3 or B4 (23.1%, 0%, 17.9%, 0% or 0%, respectively (A2 vs
Al, p<0.001; A2 vs B1, p<0.0001; A2 vs B2, p<0.0001)).
Homosexual activity was more common in patients belonging
to the seven identical groups than the non-identical group of
subgenotype A2 (17/65 (26.2%) vs 3/36 (8.3%), p<0.05). Among
the isolates in the seven identical groups of subgenotype A2,
those in groups I, IIl and VII clustered locally during short
periods of 2—7 years. In contrast, subgenotype A2 isolates in
groups II and VI were scattered widely over longer periods of
11-16 years.

DISCUSSION

In Japan, as in most Asian countries, the persistent HBV carrier
state had been established mainly through perinatal trans-
mission from mother to baby and horizontal infection during
infancy. In 1986, a national prevention programme was
launched in Japan with selective vaccination of babies born to
carrier mothers with hepatitis B e antigen (HBeAg). In 1995, this
was extended to babies born to HBeAg-negative carrier mothers.
As a result, the prevalence of HBsAg among younger people born
since 1986 has decreased dramatically.”® % However, there are an

Table 2 Changes in the distribution of genotype A compared between the capital region and other regions over three periods

st Period

Area n (1991—1996)

3rd Period
(2003—2008) 2009

2nd Period
(1997—2002)

2/42 (4.8%)%* §%**
7/108 (6.5%)§***
9/150 (6.0%)+* §***

Capital region 65/183 {35.5%)1***
Other regions 72/364 {19.8%)
Total 137/547 (25.0%)

42/84 (50.0%)1* 9/16 (56.3%)
47/142 (33.1%) 11/32 (34.4%)
89/226 (39.4%) 20/48 (41.7%)

12/41 (29.3%)1* §*
7/82 (8.5%)§***
19/123 (15.4%)§***

Statistical analysis of the differences between the capital and other regions was performed, as well as through the 1st, 2nd and 3rd periods.

1Significantly different compared with other regions.
$Significantly different compared with the 2nd period.
§Significantly different compared with the 3rd period.
*p<0.05, ***p<0.0001.
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Figure 3 Phylogenetic analysis of
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estimated one million HBV carriers in Japan at present.*
Furthermore, many Japanese remain at increased risk of hori-
zontal infection with HBV, because they have not received
selective vaccination and therefore do not have the antibody to
HBsAg. Because AHB is extremely under-reported and no
national surveillance data are available in Japan, the incidence
has not been determined accurately. In the USA, the incidence of
AHB has decreased markedly since the adoption of a compre-
hensive immunisation strategy in 1991.% %

In the present study over 1991-2009, we conducted
a nationwide, sentinel surveillance on AHB in Japan. In the 547
patients recruited over 19 years, genotype C was the most
prevalent (65.6%), followed by genotype A (25.0%) and geno-
type B (8.8%). Demographic and clinical differences were
observed among patients with genotypes A, B and C (table 1).

6of 9

The proportion of men reached 94.2% for genotype A infection,
higher than that for genotype B (79.2%) or C (56.0%) infection.
In the analysis of the route of transmission, homosexual activity
was reported by 21.2% of patients with genotype A; all were
male. In general, sexual activity tends to be higher in men than
women. The predominance of genotype A in men may be
attributable to a high frequency of homosexual activity among
men.

Although adult-acquired HBV infection persists at a hlgh
frequency of ~10% in European countries and the USA,*
rarely, if ever, becomes chronic in Japan. Recent studies suggest
that the chance of a chronic outcome of AHB may differ by HBV
genotype®’ **; it is more common for genotype A than other
genotypes.”? 85 36 In the present study, HBV infection persisted
in 4.1% of patients with genotype A, in comparison with 0% of
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Figure 4 Phylogenetic analysis of
genotype B strains by the neighbour-
joining method. Hepatitis B virus (HBV)
isolates obtained in the present study
are specified in the same manner as in
figure 3, and isolates with an identical
sequence are bracketed in ‘ldentical
group IX’ on the tree. Of them, 10
reference isolates of subgenotype B1
and 13, two and two of those of B2, B3
and B4, respectively, were retrieved
from the database; they are specified as
in figure 3.

Genotype B
1000

821

776

B1

327

B3 {M54923}/Indonesia

1000 [D00331]pIDW420/Indonesia
025-92-3198(u)*
M6-02-058(s)*

[AB031266]HBV VietF-3/Vietnam

[ABO73835]HBV-Vi29/Vietnam

M2-09-012(s)*

023-95-3627(s)*

M8-01-052(s)*

— M2-03-103(s)*

[ABO73834]HBV-Vi16/Vietnam

I [ABO73822]HBV-Chi32/China

—013-01-044(s)*

- 028-86-3818(u)*

— M8-96-3744(u)*

- 014-08-028(s)*

023-09-050(s)*

— [AF 100309]strain 56/China

[AB073836]HBV-Tw25/Taiwan

I— [AB073833]HBV-Chis9/China

C [AB073821]HBV-Chi20/China

011-05-015(u)*

— [AB073828]HBV-HK37/China

- M6-03-040(m)*
{AF121249]HBV4014/Vietnam

1‘_01 1-03-026(s)"

: [D00330]pCDW282/Japan

[AB073824]HBV-Chi4/China

MB-06-022(s)*
E 028-98-069(s)*
l

AF121244]HBV15122/Vietnam
021-94-3597(s)*
M8-91-2998(u)*
— M6-03-035(u)*
b 024-08-047 (u)*
I M5-09-020(u)*
- M8-98-115(u)*

M6-06-023(u)*
Bz}ﬂE 025-99-110(u)*
[ABG73831)HBV-Th61/Thailand

M6-04-020(s)*
017-09-044(u)*
i o

017-07-041(u)* Period The capital region

Other regions

— 010-04-015(s)* M7-03-032(s)

M3-05-026(s)
M3-05-027(s)
M3-05-028(s)
M1-07-013(s)

[AB073825HBV-Chi51/China _ [
{ Identical group IX* KX (n=5} 3rd

M4-02-062(u)*
M2-03-027(u)*

[D50521]HBV-ASA-FH1/Japan
[AB010292]Yamagata-4/Japan
[AB073849]HBV-Na101/Japan

[ABO73852]HBV-ry11/lapan

‘|E 022-04-057(u)*

{D23679]A3-HBVYMS2/Japan

— 011-03-025(u)*

I {D23677]A1-HBVKK2/lapan
013-91-3083(u)*

r 021-95-3707(s)*
028-07-052(0)*

+-[AB073846]HBV-Ry565/Japan

|— 028-07-051(s)*

I 011-04-017(u)*

_{—;{000329}JDW233/J apan
028-02-073(u)*

0.02

those with genotype C. Remarkably, all five patients with AHB
who acquired chronic infection possessed HBV genotype A,
either alone (four patients) or together with HBV genotype G
(one). Increasing genotype A infections may have changed the
genotype distribution in patients with AHB and those with
chronic HBV infection. In Japanese patients with chronic
hepatitis B, the proportion of genotype A has doubled, from
1.7% in 1999—2000 to 3.5% in 2005—2006.%

The genotype was A in 29 of the 32 (91%) homosexual men.
Of the 29 homosexuals with genotype A, 10 gave consent to
anti-HIV testing, and four of these (40%) were found to be
positive. Of the five patients who acquired chronic HBV infec-
tion, anti-HIV was tested in four (three with genotype A and
one with genotypes A and G), and one with genotype A was
found to be positive. There is a possibility that co-infecting HIV
in this patient with genotype A may have promoted chronic
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HBV infection; HIV is known to prolong and aggravate HBV
infection by compromising immune responses.*®

Patients with FH in this study were infected with either HBV
genotype B (1/48 (2.1%)) or C (8/359 (2.2%)); no patients with
genotype A developed FH. PreC and/or CP mutations were
significantly less common in genotype A (1/109 (8.7%)) than B
(6/39 (15.4%)) or C (279/310 (6.5%)) infection. The single
patient with genotype A who had PreC mutation was simul-
taneously infected with HBV genotype G. There is a possibility
that the PreC mutation in this patient was from HBV genotype
G2° FH did not develop in any patients with genotype A,
which may be attributable, at least in part, to the lack of PreC
mutation in genotype A infections.®

Previous reports have shown that genotype A is common in
patients with AHB in Metropolitan Tokyo,?® 2! “° as well as
around Aichi located in the middle of Mainland Japan.?
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Yotsuyanagi et al*® reported that genotype A is more common in

patients with AHB in the metropolitan region than in other
regions. Sugauchi e 4! found that, in patients with AHB, the
proportion with genotype A has increased over time. The
present study indicates that the number of patients with AHB
in Japan would not have decreased. We found that the propor-
tion of patients with genotype A infection is increasing in the 28
national hospitals in Japan (6.0% in the 1st period, 15.4% in the
2nd, and 39.4% in the 3rd (figure 2)), with the prevalence
much higher in the capital than other regions (35.5% vs 19.8%
(table 2)).

In this study, there was a time lag in the increase in genotype
A infection between the capital region and other regions of
Japan (table 2). In the capital region, the prevalence of genotype
A started to increase in the late 1990s, and kept increasing
through the early 2000s (4.8% in the 1st period, 29.3% in the
2nd, 50.0% in the 3rd, and 56.3% in 2009). In other regions, by
contrast, the frequency of genotype A did not change during the
late 1990s, and increased significantly in the 2000s (6.5% in the
1st period, 8.5% in the 2nd, 33.1% in the 3rd, and 34.4% in
2009). Thus infiltration of genotype A infection into other
regions occurred 5—6 years behind the epidemic in the capital
region. This indicates that genotype A infection originated in the
capital region and then spread to other areas of Japan.

Some genotypes are classified into several subgenotypes, and
they have distinct geographical distributions.* Hence, subge-
notypes are useful in tracing the route of HBV infection. By
phylogenetic analysis (figures 3 and 4), 88.6% of genotype A
isolates had the European—American type (A2), and the
remaining 11.4% possessed the Asian—African type (Al). Like-
wise, 76.7% of genotype B isolates had Asian types (B2—B4), and
the remaining 23.3% possessed the type endemic to Japan (B1).
Of the 157 HBV isolates of genotype A or B, 147 (93.6%) had
subgenotypes foreign to Japan. They are thought to have been
transmitted from foreign sex workers, and spread among certain
populations who share particular sexual behaviours in Japan.*!

Of note, some HBV isolates of distinct subgenotypes
possessed an identical sequence in the preS1/52/S gene. The
isolates of subgenotype A2 were prominent in this regard, and
more often had the same sequence than those of other subge-
notypes, such as Al, B1 and B2. The high prevalence of subge-
notype A2 isolates with an identical sequence would not have
been caused by cross-contamination. If cross-contamination had
occurred, it would have affected isolates of all subgenotypes, and
not influenced subgenotype A2 isolates preferentially. As many
as 35% of subgenotype A2 isolates had an identical sequence,
and those with the same sequence increased to 56.3% in the
recent 2009 survey in Metropolitan Tokyo. Furthermore, some
subgenotype A2 isolates in groups I, Il and VII clustered locally
within short periods, whereas others in groups II and VI were
scattered widely over a long period of time. On the basis of these
results, it is tempting to speculate that some subgenotype A2
strains would have been transmitted from person to person
without undergoing mutations for many years.

In summary, the present study indicates the following. (1)
AHB in the 28 national hospitals in Japan has not decreased,
because genotype A infections are increasing. (2) Genotype A
infections started to increase in the capital region, and then
spread to local areas 5—6 years later. (3) Approximately 90% of
genotype A in patients with AHB is subgenotype A2. (4)
Subgenotype A2 strains with an identical sequence are spreading
among younger generations with high sexual activity. (8) On the
basis of the results obtained, AHB in Japan is not decreasing,
because HBV of subgenotype A2 is prevailing in particular
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subpopulations at high risk. Finally, in order to prevent further
increases in AHB in Japan, universal vaccination of young people
deserves consideration.
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Long-term outcomes of add-on adefovir dipivoxil therapy to
ongoing lamivudine in patients with lamivudine-resistant

chronic hepatitis B
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Aim: Add-on adefovir dipivoxil ikﬁm therapy has beéen a

stanidard vescue treatment for patients with lamivudine

{LAM)-resistant chronic ?zepatms B, but the overall benefits of
long-term add-on ADV therapy are still limited. The aim of this
study was to evaluate the long-term efficiency of add-on ADV
treatment and to explore predictive factors associated with it.

Methods: A total of 158 patients \ with LAM-resistant chmnit:z

hepaﬂtis B were mciuded in this retrospective, multicenter,
nationwide study in Japan. After confirming LAM resistance,
ADV was added to LAM treatment. Three types of events
were considered as outcomes: virological response, hepatitis
B e antigen {HBeAg) clearance and alanine aminotransferase
{ALT) normalization. Vcroiogical response was - defined as

serum hepatitis B virus (HBY) DNA levels of less than 3 log

coples/mL. Baseline factors contributing to these outcomes
were examined by univariate and multivariate analyses

Results: The median total duration of ADV treatment was
41 months (range, 6-84). The rate of virclogical response was

90.8% at 4 years of treatment; HBeAg clearance and ALT nor-
malization were achieved by 34.0% and 82.7%, respectively, at
the end of follow up. Each outcome had different predictive
factors: baseline HBV DNA and albumin level were predictive

“factors for virological response, history of interferon therapy
and ALT level for HBeAg clearance, and sex and baseline

albumin level for ALT normalization.

Conclusion: Long-term add-on ADV treatment was highly
effective InLAM-resistant chronic hepatitis B patientsin terms
of virological and biochemical responses. Lower HBY replica:
tion and lower albumin level at baseline led to better

outcomes.

Key words: adefovir dipivoxil, alanine aminotransferase
nermailzatmn, chronic hepatitis B, hepai:itss B e antigen
clearance, lamivudine resistance, vzmlagacai response
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INTRODUCTION

CH,RONEC HEPATITIS B (CHB) is an important
cause of morbidity and mortality worldwide." The
main goals of therapy in CHB patients are to prevent the
developnient of liver failure, due to subsequent liver

® 2012 The fapan Society of Hepatology
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cirthosis, and the emergence of hepatocellular carci-
noma (HCC). All of these are likely be achieved by
suppressing hepat;izs B virus (HBV) replication, which
thereby leads to remission of liver disease.*
Lamivudine (LAM) treatment has been used to

prevent the progression of CHB and the development of

HCC.® LAM is an effective and well-tolerated treatment
for patients with CHB, but it has the major limitation
of drug-resistant mutants arising at a rate of 16-32%
during the first year of treatment and increasing by 15%

with each additional year of treatment®® The wide-

spread use of LAM monotherapy in CHB patients before
introduction of entecavir, which is more potent, has
ismgresaweiy increased the numbers of patients with
LAM-resistant HBY mutant strains.

Aciefovxr dzpwaxﬁ (AEV) has been reported to be
effective in suppressing HBV zepimatmn dand approved
as a standard therapy in LAM-resistant patients.”"

However, data concerning the long-term efficacy of

ADV treatment in LAM-resistant CHB patients are still
limited. The aims of this study were to evaluate the
long-term efficiency of ADV add-on treatment based on
virological response (VR), hepatitis B e antigen (HBeAg)
clearance and alanine aminotransferase (ALT) normal-
ization, and to explore the predictive factors associated
with ADV add-on treatment.

METHODS
Patients
TOTAL OF 158 patients (109 males and 49
fem&les) were included in this retrospective study
fmm 21 medical centers of the National Hospital Orga-
nization (NHO) in Japan. Both HBeAg positive and
negative CHB patients were considered eligible if they
had documented LAM resistance confirmed by detection
of mutations ‘in the YMDD motf of the reverse
transcriptase gene of the virus (genotypic resistance),
elevated serum HBV DNA levels (24 log copies/mL
and/or >1log copies/mL elevation from the LAM
on-treatment nadir) and/or elevated “serum ALT levels
(>40 I{I[L) Patients were excluded if they had decom-
pensated liver cirthosis, HCC at the initiation of ADY, or
if they had co-infections (human immunodeficiency
virus, hepatitis C virus) or other concomitant liver dis-
eases such as autoimmune liver disease. Patients with no
available clinical, biochemical, serological or virclogical
data at baseline as well as every 6 months during treat-
ment were also excluded.
Patient: fetmds were extracted from each institutional
database. All data were labeled with their respective

Long-term outcomes of add-on ADV therapy 1169

institution and pooled. Ins total, 20 variables were exam-
ined to evaluate the long-term responses. The following
variables ‘were used ag baseline factors: sex, HBeAg
status, liver disease, age, body mass index; duration of
LAM monotherapy, history of interferon (IFN) therapy,
serum HBY DNA level, aspartate aminotransferase
(&S’I‘}, ALT, y-glutamyl transpeptidase (- GTP), platelet
{?LT} counts, and total bilirubin (T«Bli), albumin {Alb),
}::mtﬁmmbm tirtie (?r} and o-fetoptotein (AFP) levels.

All were measured at the initiation of ADV therapy. For

‘each variable, it was not used in the stepwise analysis if

missing data accounted for more than 10% of the cases.

The study conformed to the ethical guidelines of the
1975 Declaration of Helsinki,  Written informed consent
was. obtained from all patients and approval of this
study was obtained from the NHO.

Statistical analysis
Three types of events were considered as outcomes: (i)
VE; (u) HBeAg clearance; and (iii) ALT normalization.
VR was defined as serum HBV DNA levels of less than
3 log copies/mL by a quantitative real-time polymerase
chain reaction assay, and ALT normalization was
defined as a decrease in ALT levels to less than 31 IU/L
during the on-treatment follow-up period. Baseline
factors that could have an impact in the prediction of
VR, HBeAg clearance as well as ALT normalization were
investigated. The predictive value of several baseline
parameters for VR was evaluated using time-to-event
methods, because of the varying length of follow up.
Time-to-event analysis was carried out using Kaplan-
Meier estimates to draw cumulative incidence curves,
mmparaé by 1egmrank tests, as well asusing univariate
and multivariate Cox's ;}mpemenai hazards models in
combination with stepwise regression analysis. Factors
contiributing to HBeAg clearance and ALT normalization
‘during ADV add-on therapy weré estimated using mul-
tivariate multiple logistic regression analysis in combi-
nation with stepwise regression analysis. A stepwise
variable seiemm procedure was used for variables that
wererat least mm‘gmally assoaated wﬁh the outcames.
Cavanates included in these analyses were binomial
or continuous: var:eabies Quartile analysis was initially
performed separately for each continuous variable to
make the decision regarding cut-off points. At first, we
divided each continuous data info quarters to convert
‘numerical values into four categorical values. Then, we
estimated whether there was a regular trend among
these four ordinal categorical data. with outcome and
selected a cut-off point among the 25th, 50th and 75th
percentiles so that these variables could be appropriately

© 2012 The Japan Society of Hepatology
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Table 1 Baseline characteristics at the initiation of add-on ADV therapy in LAM-resistant CHB patients based on HBeAg status

Baseline characteristics HBeAg positive n=99 HBeAg negative =59
Age (years) 51.6 (25.5-80.4) 59.3 (33.3-76.9)
Sex (male/female) 73/26 36/23
Liver disease (CH/cirthosis) 79/20. 38/21
Duration of LAM therapy (months) 29.8 (6.0-82.4) 39.3 (8.4-91.2)
History of IEN therapy (months) 39 15
HBY DNA {log copies/mL) 7.5 {2176} 5.9 (2 1-7.6)
<6 B 15 ;
6-7.5 38
7.5 o 46 ,
Total bilirubin (mg/dL) 0.8 (0.3-5.2)
AST (1U/L) 60 (18-959}
ALT (1U/L) 80 (11-697) 86 {1?..?24}
FCTP (IU/L) 38 (12-325) 53 (10-740).
Albumin (g/dL) 4.3 (2.6-5.4) 4.3 (2.9-5.2)

Platelet count (x10%/mm’)

15.5 (3.7-50.0)

123 (1.7-33.2)

Continuous variables are expressed in median (range) and categorized variables in number.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CH, chironic hepatitis; +-GTP; v-glutaniyl iranspeptidase; HBeAg,

hepatitis B e antigen; HBY, hepatitis B virus; LAM, lamivudine.

dichotomized. The hazards ratio (HR) and the odds
ratio {(332{) are presemed with 95% confidence intervals
{C1) and P-values, with less than 0.05 being considered
statxsncaily significant, All data analyses were processed
using the R statistical software ver. 2.13.

RESULTS
N THIS RETROSPECTIVE nationwide analysis of
add-on ADV therapy in Japan, a total of 158 patients
were enrolled from 2003-2010; COnS:&stiﬁg of 99 'HBéAg
positive and 59 HBeAg negative patients. Table 1 sum-
marizes the baseline characteristics of the study popula-

tion; most were HBV genotype C. At the time of this
analysis, the median total duration ‘of ADV treatment
was 41 months (range, 6-84), and the median time of
LAM monotherapy, prior to initiation of ADV, was
34 months (range, 6-91).

VR

Figure 1 shows a Kaplan-Meier curve displaying the
cumulative probability of VR based on HBY DNA levels
among HBeAg positive and negative patients. Patients
with a lower HBYV DNA level displayed earlier VR than
those with a higher HBV DNA level among both HBeAg
positive and negative patients (P<0.001, P=0.002,

HBeAg: positive HBeAg: negative
8o, | %i o
8" Q 7
£ g @’
2 on - B
3 = 8= Figure 1 Cumulative rate of virological
D) _g% @l résponse on treatment with lamivudine
5o £ ol plus adefovir dipivoxil depending on
2 ; B hepatitis B virus (HBV) DNA load in
% ek # HBV-DNA {log copies/ml.) % ok HBY- {mj’g i}og copies/iml.y HBeAg positive and negative patients.
£ ' -=B0 e @ ol - P-0.048 hepamttsﬁeanﬂgen {HBeAg) negativity
23 - 8;5«’2539&‘@ L - 8.1-75 ] _nogp  and low HBV replication had a higher
= Tive p=002 8 - 376 JP=0.062
.k z7 il 2 pmiyabihw of virological response
£ gt T s 3 g7t v * N N compared with HBeAg positivity or
3% 20 4 e 8 ©%0 20 40 e 80 P 58 postivy

Duration of combination therapy (month)

© 2012 The Japan Society of Hepatology

Duration of combination therapy (month)

higher HBV replication. —, £6.0; -,
6.1-7.5; =, 27,6,
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Table 2 Univariate and multivariate Cox's regression analysis of predictors of virological response

‘Variable HBeAg positive HBeAg negative
n=99 n=59
Univariate Multivariate Univariate’
HR Pvalue HR P-value HR. Pevalue
Age (years) (<45/455) 0.91 0.69 0.66 0.34
Sex (male/female) 1.07 0.86 0.71 0.21
Liver disease {CH/cirrhosis) 061 0.069 1 0,99
Duration of LAM therapy (months) (<34/34<) 092 0.76 1.72 0.076
History of IFN therapy. (~/+) 0.83 0.43 0.89 0.73
HBY DNA (log copies/mL) (<7.0/7.05) 0.28 <0.001 <0.001 <0.001 0.44 0.012
Total bilirubin (mg/dL) (<1.0/1.05) .66 0.067 1.73 0.06 154 013
AST (IU/L) (<100/100<) 1.57 0.061 111 0.71
ALT {IU/L) (<130/130%) 1.51 0.085 1.05 0,87
-GIP (IU/L) (<70/70%) 1.53 0113 1.33 03
Albumin (g/dL) (<4.1/4.15) 0.51 0,011 0.48 0.0065 141 0.32
Platelet count (x10%/mm’) (<15/155) 0.93 0.77 1.1 0.74

-ALT, alanine aminotransferase; AST, aspartate aminotranisferase; CH, chronic hepatitis; HBeAg, hepatitis B 2 antigen; HBV, Tiepatitis B
virus; PZR, hazard ratio; IFN; interferon; y-GTP, yglutamyl traﬁsptpﬂdase, LAM, lamivadine.

respectively; log-rank test). HBeAg negative patients dis-
played higher VR rates than HBeAg positive patients at
month 12 (89.9% vs 45.5%), month 24 (95.0% vs
61.5%), month 36 (98.4% vs 79.6%) and month 48
(98.4% vs 86.4%) of treatment. Even at-a higher HBV
DNA level (HBY DNA 27.0 log copies/mlL), HBeAg nega-
tive patients displayed more rapid VR than HBeAg posi-
tive patients (P < 0.001). Seven patients did not achieve
VR during the 4-year treatment, and one HBeAg positive
patient developed ADV-resistant mutations without VR
‘at month 44 of treatment. According to the results of the
univariate Cox regression model, HBY DNA level and. Alb
Tevel were associated with VR in H Bw:,pﬂsxavepa{xenw,
“while only the HBV DNA level was in HBeAg negative
patients (HR = 0.4, 95% CI = 0.24-0.84, P=0.012). In
-multivariate analysis, both lower HBV DNA. level and
lower Alb level were independent predictive factors asso-
ciated with VR in HBeAg positive patients (HR=0.26,
0. 48 95% Cl=0.15-0.44, 0.28-0.81, P<0. 001,
P=0.0065, respectively) (Table 2), while only the HBV
DNA level was selected by a stepwise analysis for HBeAg
“negative patients.

HBeAg clearance or HBeAg seroconversion

Among 99 HBeAg positive: ;nauems, HBeAg clearance
and seroconversion were achieved by 17.1% and 11.0%
at month 24, by 24.3% and 14.3% at month 36 of
treatment, and by 34.0% and 16.0% by the end of
follow up; respectively. Except for a history of IEN

therapy (OR=246, 95% Ci=0.94-6.6, P=0.047),
none of the other baseime variables were significantly
associated with HBef&g clearance, according to the
results of the univariate logistic regression analysis, In
multivariate analysis, serum ALT level and history of IFN.
therapy were independent predictive factors for HBeAg
clearance {Table 3}, No patient experienced a reappear-
ance of HBeAg or reverse seroconversion to HBeAg posi-
tive status during this treatment.

Normalization of ALT levels

The mean ALT level declined from 138.2 10 24.7 IU/L by
add-on ADV therapy. Futthermore, addition of ADV to
LAM-resistant CHB led to hormalization of ALT levels in
75.2%; 79.5% and 82.7% of the patients at months 24
and 36, and at the final follow up, respectively. We next
estimated the predictive factors for ALT i}ormaiizattoﬁ
Univariate logistic regression analysis revealed that only
the baseline Alb level was significantly related to the
ALT normalization. In the multivariate model, female
patients (OR=0.19, P=0.037) and lower Alb level
(OR=0.19, P=0.0017) were found to be independent
predictors of ALT normalization.

DISCUSSION

- DD-ON ADV therapy has been a standard rescue
L treatment for patients with LAM-resistant HBV, but
the overall benefits of longterm add-on ADV therapy

© 2012 The Japan Society of Hepatology
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Table 3 Univariate and multivariate logistic regression analysis of predictors of HBeAg dearance and ALT normalization

Variable HBeAg loss, 1= 99 ALT normalization
Univariate Multivariae Univariate Multivariate

Odds  Pwvalue ©Odds Pvalue Odds Pwvalue Odds Povalue
fatio’ ratio ratio ratio

Age (years) (<45/455) 042 0.065 0.94 085 ,

Sex (male/female) 302 0075 299 0081 0.4 .34 019 0.037

Liver disease (CH/cirrhosis) 0.76. 059 054 073

Duration of LAM therapy (months) (<34/345) 1.1 0.97 0.5 039

History of IFN therapy {=/+) 246 0047 267 0.041 1.2 0.78

HBY DNA (log copies/mL) (<7.0/7.0) 049 015 032 021

Total bilirubin (mg/dL) (<1.0/1.08) 103 083 183 072

AST (IU/L) {<100/100<) 152 047 399 0075

ALT (IU/L) (<130/1305) 244 0061 274 0043 371 013

FGTP (IU/L) (<70/70<) 216 017 129 098 ,

Albumin (g/dL) (<4.4/4.45) 0.9 0.99 017 00047 019 0.0017

Platelet count (x10*/mm?) (<15/155) 121 082 052 039

ALT, alanine aminotransferase; AST, aspartate aminotiansferase; CH, chronic hepatitis; HBeAg, hepatitis B e antigen; HBV, hepatms B
virus; HR, hazard ratio; TEN, interferon; ¥ GIP, yglutamyl transpeptidase; LAM, lamivudine:

have not yet been fully ‘assessed. In this multicenter
study of 158 patients from 21 hospitals over a mean
follow-up period of 43.5 months, we tried to evaluate
the long-term efficacy of add-on ADV therapy to LAM-
resistant patients, and also to investigate which baseline
factors were associated with VR, HBeAg clearance and
ALT normalization. We found long-term add-on ADV
treatment produced long-term virological and bio-
chemical improvement. In addition, each outcome had
different predictive factors; baseline HBV DNA and Alb
level were predictive factors for VR in HBeAg positive
patients, history of IFN therapy and ALT level for HBeAg
clearance, and sex and Alb level for ALT normalization.

The rate of VR was 90.8% at 4 years of treatment. The
strongest predictive factor for VR in both HBeAg positive
and negative patients were confirmed by previous obser-
vations showing that add-on ADV therapy achieves
more rapid and higher rates of VR when ADV is initiated
in LAM-resistant patients with low viral replication
levels."" We also found that lower Alb level was an
independent predictive factor for VR in HBeAg positive
patients. In fact, baseline Alb correlated with PLT counts
(r=0.51, P<0.001) and T-Bil (r=-0.38, P<0.001),
indicating that a lower Alb level reflected progression of
liver disease, Little attention has been given to the rela-
tion of Alb level with VR - further studies will be needed
to confirm our findings and understand its ‘underlying
mechanisms - but progression of chronic hepatitis
might be predictive of VR under the add-on ADV treat-

© 2012 The Japan Society of Hepatology

ment. This is the first report to show the significanice of
baseline Alb levels as we used a time-to-event method
for large pépulations, which is a more powerful and
informative method to assess the assoclation of factors
to time-to-event putcomes.

The rate of HBeAg clearance was 34% at the end of
follow up, which was compatible with previous obser-
vations."™'® According to the results of multivariate
analysis, IEN history was the strongest predictor of
HBeAg clearance. Of the 37 patients, 17 (46%) who had
previously received IFN therapy achieved HBeAg loss,
suggesting that previous IEN thatapg might have some
immune modulatory effect on the ongoing combina-
tion therapy. IFN-induced HBeAg loss has been reported
to be durable after a follow-up period of 4-8 years.”!
in adém{m, baseline ALT levels were also significantly
associated with HBeAg clearance in this study. Our
results agree with those of many dinical studies that
have shown baseline ALT levels to be the strongest
predictor of HBeAg seroconvession in response to IEN
therapy™ as well as nucleos(t)ide analog therapy.***

Alanine aminotransferase  normalization  was.
achieved in 82.7% of the patients. ALT normalization
and VR were independent of each other. maﬁy,
among 24 patients who did not. achieve ALT zmrmaizzaw
tion, only seven had not achieved VR, suggesting that
ALT elevation after sustained suppression of HBV repli-
cation ‘might be associated with some conditions other
than CHB. In addition, lower baseline Alb was revealed
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to be an independent and positive predictive factor for
ALT normalization. Considering that patients who did

achieve ALT normalization had lower: Alb levels than
patzeats wnh ’:ievaied ALT at the final follow up (44 vs

- in nan~a§caha ic fatty liver disease,” we specu-

Jate that fatty liver disease is related to the abnormal
ALT, To dlarify this, further studies by liver biopsy

and/or ultrasonography will be needed.
In conclusion, long-term ADV treatment was highly
effective in LAM-resistant CHB. pa:mnts in terms of viro-

logical-and biochemical response. In adémr}n, theemer-

gence of resistance to the add-on ADY therapy appears
to be: deiayed ;md mfrequgmg in contrast to LAM. Fur-
thermore, lower HBV DNA level and lower Alb level
werte significant predictive factors for better outcomes.

Even though add-on ADV therapy in LAM-resistant CHB.

patients was highly effective in the long term; CHB
patients with LAM or entecavir monotherapy need to be
carefully followed-up and the optimal timing of ADV
intervention should be determined on the basis of HBV
DNA level and progression of liver disease.
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SUPPORTING INFORMATION

DDITIONAL SUPPORTING INFORMATION may
3. be found in the online version of this article:
Appendix 81 Relationship of liver cirrhosis with viro-
logical response on the basis of fibrosis, using 60 out of
158 patients liver biopsy had been performed. Fibrosis
was related with platelet counts but neither with
albumin levels nor with the virological response.

APPENDIX |

HE LIVER DISEASE Network Group. of the

National Hospital Organization consists of the fol-
lowing physicians and their institutions: Hiromi Ish-
ibashi, Hiroshi Yatsuhashi, Departmenﬁ of Clinical
Research Center, Nagasaki Medical Center; Makoto
Nakamuta, Department of Gastroenterology, Kyushu
Medical Center; Michiyasu Yagura, Department of
Gastroenterology, Tokyo National Hospital; Hirotsugu
Takano, Department of Gastroenterology, Kure
Medical Center; Takeaki Satoh, Center for Liver
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Disease, Kokura Medical Center; Toyokichi Muro,
Deparunent of Gastroénterclogy, Oita Medical Certer;
Hideo Nishimura, Department of Gastroenterology,
Asahikawa Medical Center; Hiroshi Mano, Department
of Gastroeniemlogy, Smdai Medical Center; Fujio
Makita, Department of Gastroenterology, Nishigunma
National Hospital; Akira Saitou, Department of Gastro-
enterology, Nishisaitama-chuo National Hospital;

Masahiko Takahashi, Department of Gastroenterology,

Tokyo Medical Center; Shigeo Hayashi, Department of
Gastroenterology, National Disaster Medical Center;

Tatsuji Komatsu, Department of Gastroenterology,

Yokohama Medical Center; Yukio Watanabe, Depart-
ment of Gastroenterology, Sagamzhafa National
Haspltai ‘Masakazu Kobayashi, Department of Gastro-
enterology, Matsumoto  Medical Center; ‘Hideo
Morimoto, Hajime Ohta, Department of Gastroenter-
ology, Kanazawa Medical Center; Masaaki Shimada,

Department of Gastroenterology, Nagoya Medical
Center. Toshiki Komeda, Qega'mﬁeﬁi of Gastroenterol-
ogy, Kyoto Medical Center; Taizo Hijioka, Department
of Gastroenterology, Osaka Minami Medical Center;
Haruhiro Yamashita, Dﬂgxartmeﬁt of Gastmememiag}f

Okayama Medical Center; Eiichi Takesaki, Department
of Gastrcentesoiogy, Higashi Hirosima Medical Center;

Toru Hayashi, Department of Gastroenterology, Zent-
suji National Hospitail; Mitsuaki Koga, Department of
Gastroenterology, Ureshino Medical Center; Kazuhiro
Sugi, Departoment of Gastroenterology, Kumamoto
Medical Center; Hironori Sakai, Department of Gastro-
ememlﬁggg Beppu Medical Center; Tetsuo Yamamoto,
Department of Gastroenterology, Yonago Medical
Center; Yukio Oohara, Department of Gastroenterol-
o8y Hokkaidou Medical Center; Michio Kato, Depart-
ment of Hepatology, Minamiwakayama Medical
Center; Naochiko Masaki, Department of Gastroenter-
ology, Kohnodai Hospital.

— 257 —



