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Development of HCC in patients receiving adefovir dipivoxil
for lamivudine-resistant hepatitis B virus mutants

Tetsuya Hosaka,' Fumitaka Suzuki,’ Masahiro Kobayashi,' Miharu Hirakawa,'
Yusuke Kawamura,' Hiromi Yastuiji,' Hitomi Sezaki," Norio Akuta,’ Yoshiyuki Suzuki,’
Satoshi Saitoh,’ Yasuji Arase,’ Kenji Ikeda," Yuzo Miyakawa? and Hiromitsu Kumada'

'Department of Hepatology, Toranomon Hospital, and *Miyakawa Memorial Research Foundation, Tokyo, Japan

Aim: To identify factors for the development of hepatoceliu-
lar carcinoma (HCC) in the patients who receive adefovir
add-on lamivudine for treatment of lamivudine-resistant
hepatitis B virus (HBV) mutants.

Methods: Atotal of 247 patients who developed lamivudine-
resistant HBV mutants, with an increase of HBY DNA > 1 log
copies/mL, received adefovir dipivoxil 10 mg add-on lamivu-
dine 100 mg daily during a median of 115 weeks (range:
25-282 weeks). They were followed for the development of
HCC by imaging modalities every 3—6 months.

Results: HCC developed in 18 of the 247 (7.3%) patients.
Eight factors were in significant association with the develop-
ment of HCC by the univariate analysis. They included age,
cirrhosis, platelet counts, levels of bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase and
o-fetoprotein, as well as YMDD mutants at the start of

adefovir dipivoxil. By the multivariate analysis, AST levels,
YIDD mutants, cirrhosis and age were independent factors for
the development of HCC. By the Kaplan-Meier analysis, AST
levels = 70 |U/L., YIDD mutants, cirrhosis and age = 50 years
increased the risk of HCC (P = 0.018, P = 0.035, P = 0.002 and
P =0.014, respectively). HCC developed more frequently in
the patients with than without cirrhosis at the start of adefovir
(10159 [16.9%] vs. /188 {4.3%], P = 06.002}.

Conclusion: HCC can develop in cirrhotic patients receiving
adefovir add-on lamivudine. Hence, the patients with baseline
AST = 70 WU/L and YIDD mutants would need to be monitored
closely for HCC.

Key words: adefovir dipivoxil, chronic hepatitis B, hepatitis
B virus, hepatocellular carcinoma, lamivudine, rescue
therapy

INTRODUCTION

ORLDWIDE, AN ESTIMATED 400 million people
are infected with hepatitis B virus (HBV) persis-
tently, and one million die of decompensated cirrhosis
and/or hepatocellular carcinoma (HCC) annually.'?
Interferon (IFN) was introduced for treatment of
chronic hepatitis B, and it has been replaced for
pegylated-IFN.? Due to substantial side-effects and
requirement for injection, however, IFN-based therapies
are not favored.
In 1998, lamivudine was approved as the first nucle-
ot(s)ide analogue for treatment of chronic hepatitis B,*
and then adeforvir in 2002.° Due to its lower costs and
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safety records, lamivdine has gained a wide popularity
for treatment of chronic hepatitis B. However, drug-
resistant mutants arise in parallel with the duration
of lamivudine, in 12.5% after 1year, in 43.8% after
3 years, and 62.5-70.2% after 5 years.*” For preventing
breakthrough hepatitis induced by lamivudine-resistant
HBV mutants, additional adefovir dipivoxil 10 mg
daily has been recommended;®’ it is more effective
than switching to adefovir monotherapy and has fewer
chances of developing drug-resistant mutants.'*"'

Since 1995, 930 patients with chronic hepatitis have
been treated with lamivudine in the Department of
Hepatology at the Toranomon Hospital in Metropolitan
Tokyo.'? HBV mutants with mutations in the thyrosine-
methionine-aspartic acid-aspartic acid (YMDD) motif
elicited in the 247 (26.5%) patients, and they started to
receive additional adefovir since December, 2002.1*
However, HCC developed in 18 (7.3%) of them during
the combination therapy for 25-282 weeks; HCC has
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not been reported in any of the patients who have
received adefovir add-on lamivudine for 5 years.'*V
Hence, factors for the development of HCC in the
patients receiving adefovir add-on lamivudine were
sought for in a retrospective study.

METHODS

Patients

VER A PERIOD of 13 years, from September 1995

to September 2007, 930 patients with chronic
hepatitis B received long-term lamivudine treatment at
the Department of Hepatology at the Toranomon Hos-
pital in Metropolitan Tokyo. Drug-resistant YMDD
mutants developed in 247 (26.5%) of them, accompa-
nied by an increase in HBV DNA > 1 log copies/mL, and
they received adefovir 10 mg in addition to lamivudine
100 mg daily during the median of 115 weeks (range:
25-282 weeks). They have been followed for liver func-
tion and virological markers of HBV infection monthly,
as well as blood counts and tumor makers including
alpha-fetoprotein (AFP) and protein induced by vitamin
K absence or antagonist-Il (PIVKA-II). Cirthosis was
diagnosed by laparoscopy or liver biopsy, and in the
patients who had not received them, by clinical data,
imaging modalities and portal hypertension. HCC was
diagnosed by hypervascularity on angiography and/or
histological examination, characteristic features of com-
puted tomography, magnetic resonance imaging and
ultrasonography. An informed consent was obtained
from each patient in this study, and the protocol con-
forms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by the insti-
tution’s human research committee.

Markers of HBV infection

Hepatitis B e antigen (HBeAg) was determined by
enzyme-linked immunosorbent assay (ELISA) with
commercial kits (HBeAg EIA, Institute of Immunology,
Tokyo). HBV DNA was quantitated by the Amplicor
monitor assay (Roche Diagnostics, Tokyo) with a
dynamic range over 2.6-7.6 log copies/mL. Genotypes
of HBV were determined serologically by the combina-
tion of epitopes expressed on the pre-S2 region product,
which is specific for each of the seven major genotypes
(A-G),'*" with use of commercial kits (HBV Genotype
EIA, Institute of Immunology).

Detection of YMDD mutants

YMDD mutants were determined by polymerase chain
reaction (PCR)-based enzyme-linked mini-sequence
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assay (PCR-ELIMA) with commercial kits (Genome
Science Laboratories, Tokyo).

Statistical analyses

Categorial variables were compared between groups by
the %” test, and non-categorical variables by the Mann-
Whitney U-test. A P-value < 0.05 was considered signifi-
cant. Factors associated with HCC by univariate analysis
were evaluated by the multivariate analysis by the step-
wise Cox proportional hazard model. Development of
HCC with time was analyzed by the Kaplan-Meier
method, and differences were evaluated by the log-rank
test. Data were analyzed by the SPSS software, version
11.0 (Chicago, IL).

RESULTS

Baseline characteristics of the patients who
did and who did not develop hepatoceliular
carcinoma during adefovir add-on
lamivudine treatment

ABLE 1 COMPARES characteristics at the start of

adefovir between the 18 patients who developed
HCC and the 229 who did not. Eight factors were asso-
ciated with the development of HCC by the univariate
analysis. They included age, cirrhosis, platelet counts,
bilirubin, AST, alanine aminotransferease {(ALT) and
o-fetoprotein (AFP) levels, as well as YMDD mutants.
HCC developed more frequently in the patients with
than without cirrhosis at the start of adefovir (10/59
[16.9%] vs. 8/188 [4.3%)], P=0.002). There were 61
(26.6%]} patients who had cirrhosis at the start of ade-
fovir. Of them, one of the 18 (2.2%) with HCC and 18
of the 229 (2.2%) without HCC presented with decom-
pensation; no patients developed decompensation after
the start of adefovir.

Rates of HBV DNA disappearance from serum {< 2.6
log copies/mL) were: 55% (113/207) at 1 year, 71%
(119/168) at 2 years, 77% (78/101) at 3 years and 85%
(35/41) at 4years. Rates of AST nomarlization
(< 38 TU/L) were: 87% (179/207) at 1 year, 90% {151/
168) at 2 years, 92% (93/101) at 3 years and 95%
{39/41) at 4 years; and those of ALT normalization
{< 50 TU/L) were: 88% (183/207) at 1 year, 91% {153/
168} at 2 years, 93% (94/101) at 3 years and 98% (40/
41) at 4 years. There were no differences in the rate
of HBV DNA disappearance from serum between the
patients with and without HCC: 57% (8/14) vs. 54%
(105/193) at 1year (P=1.0); 86% (12/14) vs. 70%
(107/154) at 2 years (P=0.229); and 89% (8/9) vs.
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Table 1 Characteristics of patients who did and did not develop hepatocellular carcinoma (HCC) at the start of adefovirt

HCC developed HCC did not develop Differences
(n=18) (n=229) P-value

Duration of lamivudine before the start of adefovir 128 (31-346) 144 (13-617) 0.321
Age (years) 52 (35-75) 45 (26-75) 0.008
Men 15 (83%) 183 (80%) 1.000
Cirrhosis 10 (56%) 51 (22%) 0.004
Platelets (x10%/mm?) 12.0 (4.6-19.7) 16.3 (3.1-31.9) 0.001
Albumin (g/dL) 3.6 (2.3~-4.7) 3.9 (2.8-4.7) 0.073
Bilirubin {mg/dL) 0.8 (0.5-15.5) 0.7 (0.2-6.0) 0.046
Creatinine (mg/dL) 0.8 (0.5-1.0} 0.8 {0.4-1.6) 0.950
AST (IU/L) 119 (55-248) 66 (14-1413) 0.003
ALT (IU/L) 151 (61-576) 104 (13-1563) 0.035
AFP (ng/dL} 8 (2-130) 4 (1-282) 0.026
HBV genotypes 0.228

C 18 (100%) 189 (87%)

Others 0 27 (13%)
HBeAg 8 (44%) 132 (58%) 0.323
HBV DNA (log copies/ml.} 7.1 (4.4->7.6) 7.1 {(<2.6->7.6) 0.623
YMDD mutants 0.041

YIDD 13 (72%) 109 (45%)

YVDD 5 (28%) 62 (25%)

YI/VDD 0 56 (23%)

tValues are the median with the range in parentheses or n with percent in parentheses.

AFP, alpha-fetoprotein; ALT, alaine aminotransferase; AST, aspartate aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B

virus.

92% (85/92) at 3 years (P = 0.555). Rates of normalized
AST levels in the patients with and without HCC were:
50% (7/14) vs. 90% (173/193) at 1 year (P <0.001);
79% (11/14) vs. 91% (140/154) at 2 year (P =0.166);
and 67% (6/9) vs. 95% (87/92) at 3 year (P =0.037).
Rates of ALT normalization in the patients with and
without HCC were: 71% (10/14) vs. 90% (174/193) at
1year (P=0.037); 79% (11/14) vs. 90% (139/154) at
2year (P=0.189); and 56% (5/9) vs. 92% (85/92)
at 3 year (P =0.015). Thus, normalization of AST and
ALT was less frequent in the patients with than without
HCC.

Characteristics of the 18 patients who developed HCC
are compared between the baseline and at the develop-
ment of HCC (Table 2). At the start of adefovir, 10
(56%) of them had developed cirrhosis and 16 (89%)
had AST levels = 70 IU/L. HBV DNA was not detectable
in 10 (56%) of them at the development of HCC. Of the
eight patients with detectable HBV DNA levels (2 2.6 log
copies/mL), five (63%) developed HCC within 1 year
after the start of adefovir. AST was elevated (> 38 1U/L)
in eight patients, incdluding four (50%}) without detect-
able HBV DNA levels.

Factors independently associated with the
development of hepatocellular carcinoma

Eight factors associated with the development of HCC
by the univariate analysis, including age, cirrhosis, plate-
let counts, bilirubin, AST, ALT and AFP levels, as well
as YMDD mutants (Table 1), were evaluated by the
multivariate analysis. AST 2 70 IU/L, YIDD mutants, age
2 50 years and cirrhosis at the baseline were indepen-
dent risk factors for the development of HCC (Table 3).
There were no differences in the distribution of YIDD,
YVDD and the mixture thereof among the patients with
distinct AST, ALT or HBV DNA levels or between those
with and without cirrhosis at the start of adefovir.
HBV mutants with mutations resistant to adefovir
(rtA181T/S, 1tN236T) occurred in two of the 247 (0.8%)
patients; none of them developed HCC.

The median time between the elevation of HBV DNA
> 5.0 log copies/mL and the administration of adefovir
was 124 (range: 0-815) days for the 13 patients who
developed HCC and 147 (0-3268) days for the 166
patients who did not (P=0.605). The median time
between the elevation of ALT > 43 IU/L and the start of
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Table 3 Independent risk factors influencing the development
of hepatoceilular carcinoma

Factors Category Hazard ratio P-value
{95% CIt)

AST (TU/l) 1: <70 1 0.016
2:270 6.21 (1.40-27.5)

YMDD 1: YVDD or 1 0.012

mutants YV/IDD

2: YIDD 3.97 (1.36-11.6)

Age (years) 1: <50 1 0.023
2:250 3.24 (1.17-8.95)

Cirrhosis 1: Absent 1 0.030
2: Present 1.42 (1.04-1.96)

tConfidence interval.

adefovir was 59 (0-896) days for the patients who
developed HCC and 54 (0-3240) days for those who
did not (P=0.330}). Hence, exacerbation of hepatitis
was not a risk factor for the development of HCC.
Age-specific risk factors for the development of HCC
were evaluated by the multivariate analysis. In the
patients < 50 years, platelet counts < 13 x 10*/mm? was
the only significant risk factor for HCC (hazard ratio
6.88 [95% confidence interval; 1.26-37.6}), while AST
levels > 70 IU/L was that in those = 50 years (hazard
ratio: 9.50 [95% confidence interval 1.20-74.9]).

Factors increasing the cumulative incidence
of hepatocellular carcinoma

AST levels = 70 IU/L at the start of adefovir increased the
development of HCC during follow-ups ranging to
5 years (Fig. 1). HCC developed more frequently in the
patients with YIDD mutants than in those with YVDD or
the mixture of YVDD and YIDD mutants (Fig. 2). The
cumulative incidence of HCC in the patients with YIDD
mutants alone was: 4% at 1 year, 10% at 3 years and
439% at 5 years. In contrast, HCC never developed in the
patients with the mixture of YIDD and YVDD mutants
through 5 years of follow-up. HCC developed more fre-
quently in the patients with cirthosis and those aged
> 50 years (Figs 3,4, respectively).

DISCUSSION

CC DEVELOPED IN 18 of the 247 (7.3%) patients
who had received adefovir add-on lamivudine
during a long-term ranging to 5 years. There were some
differences in the characteristics at the start of adefovir
dipivoxi] between the patients who did and who did not
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Figure 1 Kaplan-Meier life-table for the cumulative incidence
of hepatoceilular carcinoma (HCC) during adefovir add-on
lamivudine in the patients with different baseline aspartate
aminotransferase (AST) levels. *P = 0.009.

develop HCC. The patients who developed HCC were
older, more frequently had signs of early cirthosis with
less platelet counts, as well as higher levels of AST, ALT
and AFP, than those who did not develop HCC. By
multivariate analysis, AST = 70 IU/L, YIDD mutants in
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Figure 2 Kaplan-Meier life-table for the cumulative incidence
of hepatocellular carcinoma {HCC) during adeforvir
add-on lamivudine in the patients with distinct YMDD
mutants. *P = 0.035; **P =0.003.
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Figure 3 Kaplan-Meier life-table for the cumulative incidence
of hepatocellular carcinoma (HCC) during adeforvir add-on
lamivudine in the patients with and without cirrhosis at the
baseline. *P = 0.002.

comparison with YVDD or the mixture of YVDD and
YIDD mutants, age = 50 years and cirrhosis were inde-
pendent risk factors for the development of HCC. By the
Kaplan-Meier life-table analysis, the cumulative inci-
dence of HCC during 5 years in the patients receiving
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Figure 4 Kaplan-Meier life-table for the cumulative incidence
of hepatocellular carcinoma (HCC) during adeforvir add-on
lamivudine in the patients aged = 50 years and < 50 yeas at the
baseline. *P =0.014.
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adefovir add-on lamivudine was significantly higher in
those with AST 2 70 IU/L, YIDD mutants, cirrhosis and
aged 2 50 years at the start of adefovir.

A marked difference in the development of HCC
between the present study (7.3% [18/247]) and two
studies reported from Europe and the US (0/70 and
0/65, respectively}'®?” would be accounted for, at least
in part, by the age of patients who developed HCC in
this study that was older than in those in previous
reports (the median of 52 years vs. means of 36 and
47 years, respectively). This view would be supported by
the age of patients with long-term adefovir add-on lami-
vudine that was higher in those with than without
the development of HCC (52 vs. 45 years [median],
P =0.008). HBV infection in Asia is acquired by the
perinatal infection, while that in Western countries is
gained after the adolescence ~20 years after birth.
Hence, the duration of HBV infection would have been
> 20 years longer in Japanese than Western patients. In
addition, genotypes of HBV may give an additional
account on the difference in development of HCC
between them. All the 18 patients who developed HCC
in this study were infected with genotype C; it is
associated with HCC more closely than the other
genotypes.?-2 By contrast, by far the most patients from
Western countries would have been infected with geno-
types A and D%

HCC developed more frequently in patients with than
without cirrhosis at the start of adefovir (10/61 [16.4%)]
vs. 8/186 [4.3%], P = 0.002). Hence, cirthosis increased
the risk of HCC in patients receiving adefovir add-on
lamivudine. This view is supported by the development
of HCC in 11 of the 94 (11.7%) patients with cirrthosis
who received adefovir add-on lamivudine from ltaly '
Although HCC did not develop in any of the 39 Italian
patients with chronic hepatitis, it did in eight of the 186
(4.3%) Japanese patients in the present study. There
were, however, marked differences in the median base-
line ALT levels between Italian and Japanese patients
(58 vs. 108 IU/L); the grade of liver inflammation
would have been higher in the Japanese patients. In
actuality, all the eight patients with chronic hepatitis
who developed HCC had high AST and ALT levels at the
start of adefovir (Table 2).

In the natural history of persistent HBV infection,
HCC develops more frequently in the patients with per-
sistently high ALT levels than in those with normal
levels. Hence, necroinflammation in the liver would
contribute to carcinogenesis.?** Although adefovir
add-on lamivudine may prevent virological break-
throughs, it would not be able to suppress the pre-
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neoplastic state induced by exacerbation of hepatitis. It
would be necessary therefore to identify the patients
with chronic hepatitis at an increased risk for HCC
during adefovir add-on lamivudine, such as those with
cirthosis or aged =50 years, and take special care of
them toward early detection of HCC and immediate
therapeutic intervention. They need to be monitored
frequently for any increase in HBV DNA and ami-
notransferase levels that herald breakthrough hepatitis
during lamivudine therapy.

In the present study, HCC developed more frequently
in the patients with YIDD mutants than in those with
YVDD or the mixture of YYDD and YIDD; there have
been no studies correlating YMDD mutants and the
development of HCC. No patients with the mixture of
YVDD and YIDD mutants developed HCC, despite the
predominance of YIDD mutants in the patients with
HCC. This might have been due to the assay used for
YMDD mutants by the commercial kit; it can miss
YVDD mutants in samples in which YIDD mutants
account for the great majority. By the assay method
specific for either mutant, YIDD was detected either
alone or accompanied by small amount of YVDD in the
patients who have received adefovir add-on lamivudine
treatment.?® Sensitive and specific quantification of
YIDD and YVDD mutants are necessary for further
evaluating a role for YIDD mutants in hepatocarcino-
genesis, as well as for identifying factors promoting the
generation of both YIDD mutants and HCC.

Some points of clinical importance have emerged in
the present study. First, patients who receive a long-term
adefovir add-on lamivudine and have developed YMDD
mutants need to be screened for HCC on the regular
basis. This is required especially for the patients who
have signs of cirrhosis and/or high AST levels, or aged
2 50 years. In these high-risk patients, adefovir has to be
started promptly when HBV DNA levels increase, even
before transaminase levels elevate in them. Secondly, it
would be a matter of concern if adefovir is involved in
the development of HCC. Should it be the case, teno-
fovir or newer potent antivirals, either as a monotherapy
or add-on lamivudine, would deserve considerations.
Thirdly, it needs to be evaluated if YIDD mutants have
any significance in the development of HCC. Although
nucleot(s)ide analogues may suppress hepatic inflam-
mation and are expected to improve the prognosis of
patients with chronic hepatitis B, they need to be moni-
tored closely for HCC. The development of HCC has to
be identified, as early as possible, for timely treatment
toward longevity with minimal morbidity and improve-
ment of the quality of life.

HCC arising during adefovir add-on lamivudine 151

ACKNOWLEDGEMENTS

HIS WORK WAS sponsocred in part by grants from
the Ministry of Health, Labour and Welfare of Japan.

REFERENCES

1 Lee WM. Hepatitis b virus infection. N Engl | Med 1997;
337: 1733-45.

2 Ganem D, Prince AM. Hepatitis B virus infection - natural
history and clinical consequences. N Engl | Med 2004; 350:
1118-29.

3 DienstagJL. Hepatitis B virus infection. N Engl ] Med 2008;
359: 1486-500.

4 Jarvis B, Faulds D. Lamivudine. A review of its therapeutic
potential in chronic hepatitis B. Drugs 1999; 58: 101-471.

5 Dando T, Plosker G. Adefovir dipivoxil: a review of its use
in chronic hepatitis B. Drugs 2003; 63: 2215-34.

6 Akuta N, Suzuki F, Kobayashi M et al. Virological and bio-
chemical relapse according to YMDD motif mutant type
during long-term lamivudine monotherapy. | Med Virol
2003; 71: 504-10.

7 Suzuki F, Suzuki Y, Tsubota A et al. Mutations of poly-
merase, precore and core promoter gene in hepatitis B virus
during 5-year lamivudine therapy. ] Hepatol 2002; 37: 824~
30.

8 Keeffe EB, Dieterich DT, Han SH et al. A treatment algo-
rithm for the management of chronic hepatitis B virus
infection in the United States: an update. Clin Gastroentero!
Hepatol 2006; 4: 936-62.

9 Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology
2007; 45: 507-39.

10 Lampertico P, Vigano M, Manenti E, lavarone M, Sablon E,
Colombo M. Low resistance to adefovir combined with
lamivudine: a 3-year study of 145 lamivudine-resistant
hepatitis B patients. Gastroenterology 2007; 133: 1445-
51.

11 Yatsuji H, Suzuki F, Sezaki H et al. Low risk of adefovir
resistance in lamivudine-resistant chronic hepatitis B
patients treated with adefovir plus lamivudine combina-
tion therapy: two-year follow-up. J Hepatol 2008; 48: 923-
31.

12 Kumada H. Continued lamivudine therapy in patients
with chronic hepatitis B. Intervirology 2003; 46: 377-87.

13 Hosaka T, Suzuki F, Suzuki Y et al. Factors associated with
the virological response of lamivudine-resistant hepatitis B
virus during combination therapy with adefovir dipivoxil
plus lamivudine. | Gastroenterol 2007; 42: 368-74.

14 Hosaka T, Suzuki F, Suzuki Y et al. Adefovir dipivexi for
treatment of breakthrough hepatitis caused by lamivudine-
resistant mutants of hepatitis B virus. Intervirology 2004; 47:
362-9.

15 Delaney WE IV. Progress in the treatment of chronic
hepatitis B: long-term experience with adefovir dipivoxil.
] Antimicrob Chemother 2007, 59: 827-32.

© 2009 The Japan Society of Hepatology



152 T. Hosaka ez al.

16

17

18

19

20

23

22

Hadziyannis §J, Tassopoulos NC, Heathcote EJ et al. Long-
term therapy with adefovir dipivoxil for HBeAg-negative
chronic hepatitis B for up to 5 years. Gastreenterology 2006;
131: 1743-51,

Marcellin P, Chang TT, Lim SG et al. Long-term efficacy and
safety of adefovir dipivoxil for the treatment of hepatitis B
e antigen-positive chronic hepatitis B. Hepatology 2008; 48:
750-8.

Usuda S, Okamoto H, Iwanari H et al. Serological detec-
tion of hepatitis B virus genotypes by ELISA with mono-
clonal antibodies to type-specific epitopes in the preS2-
region product. J Virol Methods 1999; 80: 97-112.

Usuda S, Okamoto H, Tanaka T ei al. Differentiation of
hepatitis B virus genotypes D and E by ELISA using mono-
clonal antibodies to epitopes on the preS2-region product.
] Virol Methods 2000; 87: 81-9.

Livingston SE, Simonetti JP, Bulkow LR et al. Clearance of
hepatitis B e antigen in patients with chronic hepatitis B
and genotypes A, B, C, D, and F. Gastroenterology 2007; 133:
1452-7.

Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B genotypes
correlate with clinical outcomes in patients with chronic
hepatitis B. Gastroenterology 2000; 118: 554-9.

Orito E, Ichida T, Sakugawa H et al. Geographic distribu-
tion of hepatitis B virus (HBV) genotype in patients with

© 2009 The Japan Society of Hepatology

23

24

25

26

27

28

Hepatology Research 2010; 40: 145-152

chronic HBV infection in Japan. Hepatology 2001; 34:
590-4.

Tsubota A, Arase Y, Ren F, Tanaka H, Tkeda K, Kumada H.
Genotype may correlate with liver carcinogenesis and
tumor characteristics in cirrhotic patients infected with
hepatitis B virus subtype adw. ] Med Virol 2001; 65: 257~
65.

Chu CJ, Keeffe EB, Han SH et al. Hepatitis B virus geno-
types in the United States: results of a nationwide study.
Gastroenterology 2003; 125: 444-51.

Miyakawa Y, Mizokami M. Classifying hepatitis B virus
genotypes. Intervirology 2003; 46: 329-38.

Chen CJ, Yang HI, Su J et al. Risk of hepatocellular carci-
noma across a biological gradient of serum hepatitis B
virus DNA level. JAMA 2006; 295: 65-73.

Wu CF, Yu MW, Lin CL et al. Long-term tracking of hepa-
titis B viral load and the relationship with risk for hepato-
cetlular carcinoma in men. Carcinogenesis 2008; 29: 106-
12.

Suzuki F, Kumnada H, Nakamura H. Changes in viral loads
of lamivudine-resistant mutants and evolution of HBV
sequences during adefovir dipivoxil therapy. J] Med Virol
2006; 78: 1025-34,



26

doi:10.1111/j.1440-1746.2009.06161.x

HEPATOLOGY

Efficacy of switching to entecavir monotherapy in Japanese
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resistance. Background and Aims: To assess the efficacy of switching Japanese chronic hepatitis B

patients from lamivodine monotherapy to entecavir 0.5 mg/day.

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

Results: At baseline, detection of lamivudine-resistant virus was highest in patients with
higher hepatitis B virus (HBV) DNA (76% vs 23% in = 2.6 and < 2.6 logo copies/mL,
respectively), and in patients with longest previous exposure to lamivudine (52%, 28% and
24% for > 3 years, 1-3 years and < 1 year, respectively). Two years after entecavir switch-
ing, HBV DNA suppression to less than 2.6 log; copies/mL was achieved in 100% (32/32).
92% (12/13) and 44% (4/9) of patients in the less than 2.6, 2.6-5.0 and more than 5.0 iogio
copies/mL baseline groups, respectively. Alanine aminotransferase (ALT) normalization
occurred in 76-96% and 90-100% of patients following 1 and 2 years of entecavir treat-
ment, respectively. One patient (2.6-5.0logy, copies/mL) with lamivudine-resistant
mutants at baseline developed entecavir resistance at week 48 during follow up.
Conclusion: Switching to entecavir 0.5 mg/day achieves or maintains undetectable HBV
DNA levels and ALT normalization over 2 years, especially in patients with viral 1oad less
than 5.0 logo copies/mL.
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lamivudine resistance is not recommended because it is no longer

Introduction effective in suppressing viral replication.? Furthermore, the initial

Hepatitis B virus (HBV) infection is a serious public health threat
affecting 350400 million people worldwide, the majority of
whom live in the Asia-Pacific region."? Chronically-infected
people are at risk of developing cirrhosis, liver failure and hepa-
tocellular carcinoma. Studies have suggested that high seram HBV
DNA is a key risk predictor of chronic hepatitis B (CHB) compli-
cations.>* Therefore, the main purpose of CHB therapies is to
permanently suppress viral replication and sustain viral suppres-
sion to prevent long-term liver damage.2>*

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

Antiviral efficacy of entecavir (0.5 mg/day) as first-line therapy
was superior to lamivudine in treatment-naive patients on all viro-
logical, biochemical and histological end-points after 48 weeks of
treatment,'%** with very low rates of emergence of viral resistance
(1.2% after 5 years of entecavir treatment).'™¢ Entecavir has 2
high genetic barrier to resistance,'”® requiring multiple substitu-
tions (including YMDD mutations) to express viral resistance.!s-!
In agreement with this, entecavir-resistant mutants emerge more
frequently in lamivudine-refractory patients. In a study of
hepatitis B e antigen (HBeAg)-positive lamivudine-refractory
patients with high HBV DNA levels at baseline (mean > 9 logy,
copies/mL), switching to entecavir 1 mg/day achieved HBV DNA
suppression to undetectable levels (<300 copies/mL; 40%,
96 weeks) and alanine aminotransferase (ALT) normalization
(81%, 96 weeks) at higher proportions than continued lamivudine
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monotherapy,? although response to therapy was less pronounced
than in treatment-naive patients with comparable baseline levels of
HBV DNA.!*131 The probability of achieving HBV DNA sup-
pression to undetectable levels at 96 weeks with entecavir was
73% in patients whose baseline HBV DNA was less than 7 logie
copies/mL (n = 11), and none of these patients developed entecavir
resistance.2

In a randomized controlled trial of lamivudine-refractory Japa-
nese patients with mean HBV DNA at baseline of 7.6-7.7 logio
copies/mL, switching to entecavir (0.5 or 1 mg/day) for 48 weeks
achieved HBV DNA suppression to below detectable levels in 33%
of patients in the entecavir dose groups, and ALT normalization in
78-86%.2* Switching to entecavir in patients with evidence of
lamivudine-resistant substitutions and low viral load at switching
point has not been prospectively investigated in Japanese patients.
There are limited data concerning the efficacy of entecavir in
lamivudine-pretreated patients who have not developed lamivu-
dine resistance.

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

Methods

Design and setting

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

Study end-points

Clinical efficacy of entecavir was assessed as the proportion of
patients achieving HBY DNA suppression to undetectable levels
(< 400 copies/mL or < 2.6 logio copies/mL), and patients achiev-
ing ALT normalization (normal ALT levels: men 8-42IU/L,
women 6-27 IU/L). HBV DNA was measured using the poly-
merase chain reaction (PCR)-based Amplicor HBV Monitor assay
(Roche Diagnostics, Indianapolis, IN, USA; lower limit of detec-
tion of < 2.6 logse copies/mL).” HBeAg loss in patients who were
HBeAg-positive at baseline was also analyzed. Measurements
were made from conserved samples taken at baseline, and after
6 months, 1 and 2 years from entecavir treatment initiation.

Assessment of viral resistance

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

Data analyses

Statistical comparisons between treatment groups were assessed
using x2-test and Kruskal-Wallis test where appropriate. Calcula-
tions were performed using StatView software (ver. 4.5J; Abacus
Concepts, Berkeley, CA, USA). A two-tailed P-value less than
0.05 was considered statistically significant.

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

Results

Patient characteristics before switching
to entecavir

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

Viral resistance to lamivudine at baseline

At baseline, lamivudine-resistant rtM204V/ mutant virus was
detected in 23% of patients with HBV DNA of less than 2.6 logjo
copies/mL, compared to 76% in each of the HBV DNA 2.6-
5.0 logip copies/mL and more than 5.0 log, copies/mL groups
(Table 2). In all treatment groups, a higher occurrence of resistant
virus was observed with longer exposure to lamivudine, indepen-
dent of viral DNA levels.
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Table 1 Patient characteristics at point of switching to entecavir (baseline) and entecavir treatment duration

All patients Serum HBV DNA levels by baseline treatment group, logie copies/mL
<26 2.6-5.0 >5.0 P*

Patients, n 134 92 25 17
Sex, n maleftemale 94/40 67/25 19/6 8/9 0.08
Age, years' 53 (23-83) 53 (27-83} 50 (32-77) 37 (23-77) 0.036
Bilirubin, mg/dL* 0.6 {0.2-3.4} 0.6 (0.2-3.4) 0.6 (0.3-1.8) 0.7 (0.3-1.2) 0.53
AST, uL! 24 {13-451) 23 {13-53) 23 {14-50) 37 (14-451) 0.0083
ALT, {UL 21 {8-1382) 21 {8-56} 20 {10-111) 46 (9-1382} 0.0002
Albumin, g/dL* 3.9 (2.7-48) 3.9(2.74.4 4.0 {3.3-4.8) 3.9 (3.6-4.6) 0.94
Histology, n CH/LC 89/45 56/36 19/6 14/3 0.11
HBeAg, n + 30/104 11/81 5/20 14/3 < 0.0001
HBV DNA, log:o copies/mL’ <2.6(<2.6-7.6) <26 3.9(2.7-5.0) 6.5 (5.1-7.6) -
Genotype, n A/B/C/unknown 3911517 2/6/78/6 1/2/22/0 0/1/15/1 087
Treatment duration, months*

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

Entecavir* 21 {6-33) 20 {6-33) 24 (6-32) 27 (6-33) 0.034

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

tData are median {range}.
$Entecavir treatment duration is from point of switching.

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

liver cirrhosis.

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

Duration of previous lamivudine treatment, years All patients
<1 1-3 =3
Baseline treatment group .
< 2.6 logie copies/mL 1/10 (10%) 4/35 (11%) 16/47 {34 %) = 23%
2.6-6.0 logie copies/mL 1/5 (20%) 3/4 {75%) 15/16 (94%) 76%
> 5.0 logie copies/mL 3/6 {50%} 6/7 {86%) 4/4 (100%} 76%
All patients 24% 28% 52% -

Clinical efficacy of entecavir 0.5 mg/day

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

Among those who failed to suppress viral load, only one case of
virological breakthrough was found (2.6-5.0logy copies/mL
group; described under case report). This patient had been previ-
ously exposed to lamivudine for more than 3 years.
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Alanine aminofransferase levels were normalized in 76-96%
and 90-100% of patients following 1 and 2 years of entecavir
treatment, respectively (Table 3). HBeAg loss was observed in
27% (3/11), 20% (1/5) and 29% (4/14) of patients with HBV DNA
of less than 2.6, 2.6-5.0 and more than 5.0 log;y copies/mL,
respectively, in the first year.

Lamivudine-resistant substitutions in patients
switched to entecavir

Of the 130 patients who received entecavir treatment for at leis:
1 year, 11 cases failed to suppress HBV DNA to below less ihan
2.6 logo copies/mL and remained HBV DNA-positive in the first
year (1 and 10 in the HBV DNA 2.6-5.0 and > 5.0logp
copies/mL groups, respectively; Table 3). Serum HBV DNA
analysis confirmed the presence of tM204V/I substitutions in 10
of these patients, of which six were rtM2041 and three were
tM204V substitutions (Table 4); the remaining patient (2.6
5.0logie copies/mL group; previous lamivudine exposure
5 years) carried a mixed type substitution, rtM204I plus

__1tM204V. The only HBV DNA-positive patient who did not
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Table 3 Clinical efficacy of entecavir 0.5 mg/day in lamivudine-pretreated patients

End-point by baseline treatment group Duration of entecavir treatment
6 months 1 year 2 years
HBV DNA suppression to undetectable levels, n/N (%)
< 2.6 logie copies/mL 90/92 {98%) 89/89 (100%} 32/32 {100%)
Previous lamivudine < 1 year 10/10 {100) 9/9 {100) 5/56 (100}
Previous lamivudine 1-3 years 35/35 (100) 35/35 (100} 14/14 (100}
Previous lamivudine > 3 years 45/47 (96) 45/45 {100) 13/13 (100}
2.6-5.0 logao copies/mL 24/25 (96%) 23/24 (96%) 12113 (92%)
Previous lamivudine < 1 year 5/5 (100} 5/5 (100) 3/3 (100)
Previous lamivudine 1-3 years 4/4 (100) 4/4 (100) 2/2 (100)
Previous lamivudine > 3 years 15/16 (94) 14/15 (93) 7/8 (88)
> 6.0 logo copies/mL 5117 (29%) 717 (41%) 4/9 (44%)
Previous lamivudine < 1 year 2/6 (33) 3/6 (50) 2/4 (50}
Previous lamivudine 1--3 years 217 (29} 3(7 (43) 2/4 (50)
Previous lamivudine > 3 years 1/4 (25) 1/4 (25) 0/1 (0}
ALT normalization, n/n (%)
< 2.6 logie copies/mL 88/92 (96%) 83/89 (93%) 32132 (100%)
2.6-5.0 log1e copies/mL 24125 {96%} 23/24 (96%) 12/13 (92%)
> 5.0 logie copies/mL 1417 (82%}) 13/17 {(76%) 9/10 (90%)

ALT, alanine aminotransferase; HBV, hepatitis B virus.

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

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

Duration of previous lamivudine
treatment, years per patient

Baseline treatment group

< 2.6 log:o copies/mL Positive Wild (or none) 0/10 (0%)
YIDD 011 (0%)
Negative Wild {or none) 0/58 (0%)
YIDD 0/15 (0%)
YVDD 0/4 (0%)
YIDD + YVDD 0/1 (0%)
2.6-5.0 logo copies/ml.  Positive Wild {or none) 0/4 (0%)
YIDD + YVDD 11 (100%)’
Negative Wild {or none) 0/2 (0%)
YIDD 0/10 (0%)
YVDD 0/6 (0%}
YIDD + YVDD 0/1 0%)
> 5.0 logio copiesfmL Positive Wild (or none) 1/4 (25%)
YIDD 6/9 (67%)
YVDD 1/1 (100%)
Negative YIDD 0/1 {0%)
YVDD 2/2 (100%])
All patients 11130 (8%)

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

5.0

nfa

n/a

n/a

nfa

0.2

0.5;1.3,15;2.7;39, 74
0.7

nfa

1.8;45

YMDD motif substitutions: wild, t204M; YIDD, rt204l; YVOD, rt204V: YIDD + YVDD, rt2041 + ri204V.
tPatient with lamivudine-resistant HBV who developed entecavir resistance.
HBeAg, hepatitis B early antigen; HBV, hepatitis B virus; nfa, not available.

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

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

Of the 10 patients carrying tM204V/I substitutions, eight were One patient (2.6-5.0 logio copies/mL group) carrying a mixed
HBeAg-positive; the other two patients were HBeAg-negative and substitution YIDD + YVDD (rtM204I + tM204V) developed
carried a lamivudine-resistant:iiM204V type substitution. »=  entecavir resistance with a recognized 1S202G substitution
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