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Add-on combination therapy with adefovir dipivoxil induces
renal impairment in patients with lamivudine-refractory

hepatitis B virus
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SUMMARY. Combination therapy wilh adefovir dipivoxil
{ADV) and lamivudine (LAM) is recommended for patienis
infected with LAM-refractory hepaiitis B virus (HBV). How-
ever, the effects of such therapy on renal function and serum
phosphorus levels have not been {fully evaluated. Combina-
tion therapy with ADV and LAM was given to 37 patients
inlected  with LAM-refractory HBV, including 17 with
hepaltic cirrhosis. Serum HBY DNA levels decreased to below
2.6 logip coples/mL in 23 (62%) of 37 patienls at
12 months, 235 (78%) of 32 patients al 24 months, and 16
{84%) ol 19 patients at. 36 months. Except for one cirrhotic
patient, seruam alanine aminotranslerase levels were below
30 1U/L in alt patients during combination therapy. Serum
creatinine levels increased in 14 (38%) of 37 patients, and

serum phosphate levels decreased 10 below 2.5 mg/mL in 6
(16%) of 37 patients during combination therapy. Patients
who received combination therapy for 36 months or longer
had a signilicantly incidence of elevated serum creatinine
levels. Fanconi syndrome occurred in a 57-year-old woman
with cirrhosis after ADV was added to LAM. Combination
therapy with ADV and LAM can maintain biochemical
remission in patients with LAM-refractory HBV. However,
the dosing interval of ADV should be adjusted according to
renal function and serum phosphate levels in patients
receiving tong-term trealment.

Keywords: adefovir dipivoxil, Fanconi syndrome, hepatitis B
virus, lamivudine.

INTRODUCTION

Hepatitis B virus (HBV) is a widely prevalent pathogen that
causes chronic hepatitis, hepatic cicrhosis. and hepatocellu-
Jar carcinomna (HCC) [1}. Taterferon and nacleosit)ide
analogues are used for antiviral therapy in patients infected
with chronic hepatilis B infection [2,3]. Lamivudine (LAM) is
the first nucleoside analogue approved for the treatment of
HBV-infected liver disease. LAM suppresses HBV replicalion

Abbreviations: AD, adefovir dipivoxtl; ALT, alanine aminotransfer-
ase; anti-HBe. antibodics to HBeAg; ETV, entecavir; HBeAg, hepatitis
B ¢ antigen: HBsAg. hepatitis B surfacc antigen; HRBV, hepatitis B
virus; FICC, hepatocellnlar carcinoma; HIV, human immunodeti-
clency virus; LAM, lamivadine TDE. tenotovir disoprowil fumarare.
Correspondence: Akihiro Tamori, MD, Department ol Hepatology.
(saka City University Graduate School of Medicine, 1-4-3
Asahimachi, Abeno-ku, Osaka 545-85835. Japan. E-mail: atamori
@med.osaka-cu.ac.jp
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in mosl patients and improves hepatic inflammation [4].
However, more than 60% of patients with HBV who receive
long-term LAM therapy become resistant Lo the drug within
4 years affer starting {reatment [3]. Por LAM-cesistant HBV.
a switching-to adefovir dipivoxil (ADV) or entecavir (ETV)
lreatment is a choice of treatment [6,7]. However, in ADV
monotherapy for LAM-refractory chronic hepatitis B, viro-
logical breakthrough due to development. of ADV resistand.
mutations occurred in three (21%) of 14 patients within
18 months [8]. In another study, ETV-resistanl mulations
developed in 12 (8%) of 151 patients with LAM-refractory
chronic hepalitis B who received I mg ETV once daily for
2 years [7]. Tn contrast, combination therapy with ADV and
LAM decreased HBV DNA levels in patienls with LAM-
resistant HBV and maintained the effect without virological
and biochemical breakthroughs for 3 years [§,9]. In one
study performed in Japan, ADV-resistant mulations occurred
in only 2 of 129 patients with LAM-relraclory chronic
hepatitis B who received ADV plus LAM for 2 years [10].
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These studies concluded that combination therapy with ADV
and LAM was the treatment of choice for patients with LAM-
resistanl HBV.

An important limitation of previous studies of combina-
tion therapy with ADV and LAM is the lack of adequate
salely data. Monotherapy with LAM is given to more than
30 000 patients with HBV-related chronic liver disease in
Japan. LAM has not been reported to induce serious adverse
effects, except for the emergence of LAM-resistant HBV. On
the other hand, nephrotoxicity is the dose-limiting adverse
effect in the use of ADV. In phase 1, randomized. controlled
studies, there were no increases from baseline of (0.5 mg/dL
or greater in the serum creatinine level and no conlirmed
instances of serum phosphate levels below 2.0 mg/dL during
48 weeks of monotherapy with 10 mg ADV [11]. However,
the renal safeness of combination therapy with ADV and
LAM in long-term use is not enough to be evaluated. In
particular, there are few reports aboul decrease of seram
phosphate during the combination (herapy. In our hospilal,
an open-label study of Jong-lerm add-on treatment with
ADV in patients with LAM-refractory HBV has been in
progress since 2003,

In the present study, we investigaled the incidence of
serum. creatinine increase and hypophosphorus in patients
with HBV-related chronic liver diseases during long-lerm.
ADV and LAM combination therapy. In addition, clinical
characteristics of patients in whom mild renal impairment
was observed were cvaluated, since early detection of
adverse evenl is important.

METHODS

Patients

The study growup comprised 37 consecutive Japanese patients
with LAM-refractory HBV who received a combination of
100 mg of LAM plus 10 mg of ADV daily for more than
1 year in Osaka City Universily Hospital belween September

2002 and November 2008 (Table 1). All patients had a 1.5-
fogq copies/ml or grealer increase in the serum HBV DNA
level during LAM treaument. No patient had a history of
trealment with other nucleoside analogues, such as ETV and
famciclovir. Patients were excluded if they had antibodies to
hepatitis C virus or human immunodeliciency virus (HIV).
Serum creatinine levels were under 1.2 mg/dL in all patients,
and creatinine clearance was over 50 mL/min in all patients
excepl one, who had a value of 45.5 mL/min. Before adding
ADV to LAM, 10 palients received curative treaiment [or
HCC. Liver biopsy was performed in 25 patients. Hepalic
cirrhosis was histologically diagnosed in 13 patients and
clinically diagnosed in 4 patients with cesophageal varices.
All patients gave writlen informed consent. 1o undergo viral
sequencing and to participate in this study.

Analysis of serological markers for HBYV

Hepatitis B surface antigen (HBsAg), hepatilis B e antigen
(HBeAg), and antibodies {0 HBeAg (anti-HBe) in patient sera
were lested by enzyme immunoassay, radioimmunoassay, or
both. using commercially available kits (Dainabott, Tokyo,
Japan).

Analysis of DNA markers for HBV

Genotypes of HBV weve idenlified by enzyme-linked immu-
nosorbent assay with monoclonal antibodies Lo Lype-specific
epitopes in the preS2-region (Institule of Immunology.
Tokyo, Japan}, as described elsewhere [12]. HBV DNA was
measured by transcription-mediated amplilication (TMA)
with a hybridization protection assay {Chugai Diagnostics,
Tokyo, Japan} [13]. The detection range of the TMA assay
was between 3.7 and 8.7 logye copies/mL of HBY DNA. If
HBV DNA was nol detected by this method, we Lried again,
using the polymerase chain reaction (PCR}-based Amplicor
Monitor tesl (Roche Diagnostics. Tokyvo. Japan) [14]. The
delection range of the PCR assay was between 2.6 and 7.6

Average age years (min-max)

CGender (male/female)

Prior LAM therapy duration (min-max)
ADV treatment duration (min-max)
Presence of cirrhosis

Past history of HCC treatment

HBV genotype: A, B, C

HBeAg positive/negative

HBV DNA Log/ml {min-max}

ALT [Ti/L {min-max)

Histological examination (F1, F2, F3, F4, not done)
Phosphate mg/dl {min-max;}

Creatinine mg/dE (min-max)

Crealinine clearance in mL/min {min-max)

Table 1 Patienis’ characteristics al the
start of adding adefovir Lo lamivudine

55
25/12
30 months (83-64)
38 months (15-68)
17

10

2, 1,34

25/12

6.6 (4.2-8.6)

149 (30-397}

6, 6,0,13.12)
3.4 (2.6-4.6)

0.79 {0.52-1.1)
87.4 (45.3-136.2)
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login copies/mL. From 1 March 2008, HBV DNA was
measured by the Tagman HBV test (Roche Diagnostics,
Tokyo, Japan). The detection range of the Tagman HBV test
is between 1.8 and 8.8 log, copies/ml, of HBV DNA {15].

LAM-resistant mutations in the tyrosine-methionine—
asparlate-aspartate motif of the HBV polymerase gene,
L&OL and ADV-resistant mulations were examined by a
line-probe assay (INNO-LIPA HBV DR, Innogenetics NV,
Belgium) [16].

Chemical markers in serum

Levels of alanine aminowransferase (ALT), crealinine, and
phosphate were examined before and after combination
therapy with ADV and LAM. Creatinine clearance was cal-
culated with Cockeroft’s formula before add-on treatment
with ADV [17]. An increase in the serum creatinine level
was delined as an increase equivalent to more than 130% of
the creatinine level at the start of ADV add-on therapy, with
no decrease in the absence of additional treatment.

Statistical analysis

Statistical analysis was performed with the Statview
SE+Graphics program, version 3.0 (SAS Instilute, Cary, NC,
17SA). The Mann-Whitney U-test was used Lo compare Lwo
continuous variables, and the chi-square test was used to
compare Lwo categorical variables, All tests were two-sided,
and P values of <0.05 were considered to indicate statistical
signilicance.

Ethical considerations

The siudy protocol complied with the ethical guidelines of
the Declaration of Helsinki (19753) and was approved by the
Lithics Commitiee of Osaka Cily University Craduate School
of Medicine.

RESULTS

Baseline characteristics of patients with LAM-refractory
HBV

The HBV genotype was A in 2 palients, Bin 1. and Cin 34
(Table 17. Al the start of add-on treatment with ADV,
HBeAg was positive in 25 of the 37 patients. On analysis of
the LAM resistant motif, M20Q4] mutalions were delected in
12 patients, and M204V mulalions were detected in 12.
In 11 patients, boll: mutated motifs of HBV were detected. In
oune of the patients with both mutations. an additional
mutation (L&) was found. LAM-resistant motifs were noti
examined in the other iwo patients. ADV-resistant muta-
tions (AL81V/T or N236T) were not delected before the
start of ADV add-on freatment in any patient. with LAM-
resistant HBV.

© 2009 Blackwell Publishing Lid
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Virological response to combination therapy

HBV DNA decreased to below 2.6 logiq copies/ml in 23
(62%) of 37 patients with LAM-refractory HBV at 12
months, 25 (78%) of 32 patients at 24 months, 16 (84%) of
19 patients at 36 months, and 8 (80%) of 10 patients at
48 months (Fig. 1). In three patients with HBeAg, the HBY
DNA level did not decrease 10 below 4 login copies/ml
during more than 30 months of combination therapy. In
two of these patients, who did not have cirrhosis, A181T
mutations were detecled 18 months after the start of ADV
add-on (herapy. Al81V/T or N236T mulation was noL
detected in the other patient, who had cirrhosis and geno-
type C (Table 2). Combination therapy reduced the HBV
DNA level to below 2.6 logypn copies/mL in 10 (59%) of 17
patienis with hepalic cirrhosis at 12 months, and in 12
(80%) of 15 patients willh hepatic cirrhosis at 24 months.
Among the 10 patients who received curative treaiment for
HCC before add-on treatment with ADV, combination ther-
apy reduced the HBY DNA level 10 below 2.6 logig copies/
mL in 6 (60%) of 10 patients at 12 months and 5 (83%) of 6
palients at 24 months.

Biochemical and serological responses to combinaiion
therapy

Serum ALT levels decreased to below 50 IT/L in 26 (70%)
of 37 patienls wilth LAM-resistant HBV at 6 months, 27
(73%) of 37 patieats at. 12 months, 26 (81.2%) of 32
patienis at 24 months, 17 (89.4%) of 19 patients at
36 months, and 9 (90%) of 10 patients al 48 months.
Except for one patient with hepatic cirrhosis, serum ALT
levels fell to below 30 T/L in all patients who received
ADV and LAM combination therapy (Fig. 1). HBeAg
became undetectable in 6 (24%) of 23 patiems at
12 months, 10 (48%) of 21 patienis at 24 months, and 5
(38%) of 13 patients al 36 months.

Incidence of HCC

In 2 of 10 cirrhotic patients who received curative (reatment
for HCC, secondary HCC appeared during combination
therapy with ADV and LAM (Table 2). One patient with HCC
recurrence cordinuousty bad a serum HBV DNA level of
more than 4 {og)q copies/mL. In 4 (14.8%) of 27 patients
with LAM-refractory HBV, primary HCC appeared after
adding ADV to LAM wreatment. Two of the four patients in
whom primary HCC developed had hepalic cirrhosis at the
start of add-on treatment with ADV. Tn one patient with
cirrhosis, the serum HBV DNA level exceeded 4 logyq copies/
mb at the time of diagnosis of HCC. In the other three
patients, serum HBY DNA levels remained below 2.6 logyn
copies/mE on the occurrence of HCC. One patient died of
advanced HCC 33 months after the start of combination
therapy with ADV and LAM.
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0.5

Serum creatinine (mg/dL)

Fig. 1 Clinical courses afier adding
ADV to LAM in 37 patients with LAM-
refractory HBV. In two patients with
cirrhosis and two without cirrhosis

whose serum creatinine levels rose to
higher than 1.4 mg/dL. treatment with
ADV was reduced from daily to every

2 days. Subsequently, the serum

creatinine level decreased without

reactivalion of HBV replication. Arrow

Serum phosphorus (mg/dL)
W

= * %

shows the time of an increase
equivalent to more than 130% of the
creatinine level at (he start of ADV
add-on therapy. *The times of adjusting
the dose of ADV in the four palients
wilh increased serum creatinine levels.

Start 3] 12 18 24 3C 36 42
Months

48 54 60 **The time of adjusting the dose of ADV

in a patient with Fanconi syndrome.

Table 2 Comparison of clinical characleristics and evenis between the cirrhotic and non-cirrhotic group during combination

therapy
Cirrhotic group Non-circhotic group P-value

n 17 20

Average age years (imin-max) 57 (47-69) 53 (33-68) 0.16
Geader (male/female) 13/4 10/7 0.48
Prior LAM therapy duration (min-max} 25 months (8—48) 34 months (11-64) 0.09
ADV treatment duration (min—max) 41 months (19-68) 36 months (13-63) 0.25
Fast history of HCC treatment 8 2 0.03
HBeAg positive/negative 11/6 14/6 0.99
HBV DNA Log/mi, (min-max} 6.4 (4.2-8.3) 6.9 (4.2-8.6) 0.28
Phosphate mg/dlL (min—max) 3.3 (2.7-4.6} 3.4 (2.74.2) 0.61
Creatinine mg/dL (min—-max) 0.78 (0.56-1.1) 0.82 (0.52-1.1) .42
Creatinine clearance mL/min {min-max) 85.9 (45.5-130.1) 86.4 (53.6-136.2} 0.93
Emergence of ADV-resistant HBV after adding ADV 1 2 0.88
Incidence of HCC (primary/secondary) afier adding ADV 5(2/3) 2 (2/0) 0.28

Renal impairment and hypophosphataemia during
combination therapy

Serum crealinine levels gradually increased aller the start of
add-on treatment with 10 mg of ADV in 14 (38%) of 37
patients. In patients who received combination therapy for
longer than 36 months or fonger, the incidence of elevated
serum crealining levels increased significanily (Table 3).
Serum creatinine did nol nicrease in theee patienls whose

HBYV DNA level remained above 4 log o copies/mil. during
more than 30 months of combination Lherapy. Except for
these patients, Lhere were no differences in clinical course
belween patients with creatinine increase and patients
without it. In four patients (11%} whose serum crealintine
levels increased (0 above 1.4 mg/dL, the dosing interval of
ADV was adjusied to every 2 days. Afler this adjustment,
serum crealinine levels decreased without reactivation of
HBV replication. Two ol these patients had progression 1o

© 2009 Blackweil Publishing Eitd
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Table 3 Comparison of clinical charac-

leristics between patients with and those Prese‘n?e - Absexvlc'e of

without an increase in serurn creatinine crealinine creatinine

levels increase increase P-value
N 14 23
Average age years 59 53 0.07
Gender (male/female) 10/4 15/8 0.98
ADV treatment duration 45 months 34 months 0.02
Presence of cirrhosis (+/-) 9/5 8/15 0.16
HBV genotype: A, B, C 1,0, 13 1. 1. 21 0.65
HBeAg positive/negalive 11/3 14/9 0.45
HBV DNA Log/mL (min-max) 7 6.4 0.22
ALT (IU/L) 173 129 0.26
Creatinine (mg/dL) 0.82 0.77 0.35
Creatinine clearance (mL/min) 80.6 91.6 0.19

hepatic cirrhosis at the beginning of add-on treatment with
ADV. The other patient without cirrhosis had hypertension
as a complication. Crealinine clearance in this patient had
decreased to 533.6 min/ml. at the beginning of add-on
treatment with ADV. The left patient did not have other
complications.

Serum phosphate levels decreased Lo below 2.5 mg/mL in
6 (16%) of 37 patients. Serum creatinine levels increased in
all six of these patients. No other variables correlated with
decreased serum phosphate levels.

Case presentation

In December 2003, ADV was added to LAM therapy in a 57-
year-old woman infected with YIDD-mutated HBV. She was

given a clinical diagnosis of hepatic cirrhosis with no other
complications, including HCC. Before combination therapy.
HBeAg was negative, and the HBV DNA level was 6.5 logq
copies/mL. Creatinine and phosphate levels in serum were
0.56 and 3.8 mg/dL, respectively. The creatinine clearance
was 56.7 mL/min. Nine months after starting combination
therapy, severe lumbago developed. At 14 months, oedema
of the legs and joint pain of the feet occurred. The serum
alkaline phosphbatase level increased to 800 IU/L, and she
was admilted to our hospital. The serum HBV DNA level had
decreased to less than 2.6 logn copies/mlL (Fig. 2). The
serum phosphate level had decreased to 1.9 mg/dL, and the
serum creatinine level was 0.88 mg/dL. Bone scintigraphy
showed muliiple-hot. spots (Fig. 3). Urinalysis revealed glo-
cosuria, proleinuria and generalized aminoaciduria. In

ADV once/day | ADV once/3days g
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Fig. 2 Clinical course ol a circhotic patient in whom Fanconi syndrome was induced by corbination therapy. LAM treatment
for HBV was starled in Novernber 2004. Aller 11 months, HBV DNA gradually increased. and LAM resistant YIDD-mutation
was detected. In December 20035, 100 mg of ADV per day was added to LAM therapy. In May 2007, the HBYV DNA level
had decreased to less than 2.6 log; copies/mL. However, the serum phosphale level fell to 1.9 mg/dL. After the dosing
interval of ADV was adjusted o once every 3 days, the serum phosphate level increased to the normal range. The serum

HBV DNA level has remained below 1.7 log, copies/mL.
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At admission November 2008

Posterior

Anterior Posterior Anterior

Fig. 3 Bone scintigrams of the patient in whom Fanconi
syndrome was induced by combination therapy. At admis-
sion, there were many abnormal hot spots in the ribs, spine.
sacrum, left humerus. and both legs. Afler reducing the
dose ol ADV and replenishiment of phosphale, the abnormal
spots disappeared except for Lhe spine, which showed a
compression fracture.

addition, the serum [ibroblast growth factor 23 level had
decreased to 3 pg/mal, (normal range, 10-30 pg/mkL). On the
basis of these results, the patient. was given a clinical diag-
nosis of osteomalacia due to secondary (drug-induced)
Fanconi syndrome. The dosing interval of ADV was adjusted
to once every 3 days. with replenishment of phosphate. Alter
1 month, the serum phosphate level increased dramatically
o the normal range. The serumn HBV DNA level has been
maintained below 1.7 logig copies/ml for 12 months with a
combination of LAM daily and ADV every 3 days. In
November 2008, the abnormal spots in bone improved
without the continuous replenishment of phosphate.

DISCUSSION

Qur study showed that the addition of ADV to LAM therapy
decreased serum HBY DNA levels and improved elevated ALT
levels in palients with LAM-refractory HBV. Combinalion
therapy with ADV and LAM continued to be effective for more
than 3 vearsin 19 patients. In 2 (5%) of 37 patients with LAM-
resistant HBV, ADV-resistant mutants (A1817T) were detected
1.8 months after Lhe start. of cormbination Lherapy. The eflects
of ADV add-on therapy in the present study were consistent
with the results of previous studies [9,10]. In particular, our
data showed that the antiviral effects of combination therapy
in patients with hepatic cirrhosis and those who received
treatment for HCC were not inferior to the eflect in patients
with chronic hepatitis. Three patients have received ADV add-
on combination therapy for more than 5 years without ele-
vation of HBV DNA levels. The latest examinations showed
that ALT has remained below 40 IU/mL in 36 patients,
including three infected with AVD-resistant HBY, during

— 470 —

combination therapy. Although the samplesize was small, our
results suggest that combination therapy suppressed LAM-
refractory HBV DNA levels in patients with cirrhosis or HCC
and consistently improved elevated ALT levels, even after the
emergence of A181T mutanis.

Renal impairment is one of the most important adverse
effects of ADV. The dosing interval of ADV should therefore
be adjusted according to the creatinine clearance of patients.
However, guidelines for dosage adjustment in patients given
ADV plus LAM are lacking. Tn the present study, we evalu-
ated the safety of treatment with ADV 10 mg daily added to
LLAM. Creatinine clearance was above 50 mL/min in all
except one patient. In four (11%) patients, including one
with a low creatinine clearance, the serum creatinine level
increased Lo more than 1.4 mg/dL. After Lbe interval
between doses of ADV was adjusted to every 2 days. serum
creatinine levels improved, with no increase in HBV DNA
levels. A long-term study safety and eflicacy study of ADV
monoiherapy showed that the serum creatinine level
increased by at least 0.5 mg/dL as compared with the
baseline value in 5 (8%) of 65 patients at 240 months [18].
In previous studies of ADV plus LAM combination therapy,
daily trealment with ADV was shifted to every 2 days in 4
(3%) of 132 patients or 10 (7%) of 1453 patients because the
serum creatinine level rose by more than 0.5 mg/dL [9,10].
To evaluate slight alterations in renal function, we delfined
elevation of the serum creatinine level as a 30% increase
from the baseline value. Elevalions of serum creatinine were
detected in 14 (38%) patients. The incidence of elevated
serum creatinine levels was significantly higher in patients
who received ADV plus LAM combination therapy for
36 months or longer. These results suggested that patients
who receive long-term combination therapy are at risk for
renal impairment. In the present study, 19 ol 37 patients,
including 17 with circhosis and 2 without cirrhosis who had
received treatment for HCC, had a high risk of HCC. Com-
puted tomography with contrast medium was repeatedly
performed to detect the onset or recurrence of HCC. In
addition to ADV, contrast medium might have contributed
to renal unpairment.

Some drugs have been reported to induce renal proximal
tubulopathy in association with decreased reabsorption of
phosphate. Serum phosphate concentrations were nol
enough Lo be evaluated in patients given ADV and LAM
combination therapy. In our study, the serum phosphate
level decreased o below 2.5 mg/mL in 6 (16.2%) of 37
patients during combination therapy. Serum crealinine
levels increased in all six of these patients. It was suggested
thal decreased phosphate levels were accompanied by
increased creatinine levels. In particular, Fanconi syndrore
developed in one patient in whom the serum phosphate level
decreased to 1.9 mg/dL. To our knowledge, this is the lirst
case of combination therapy-related Fanconi syndrome to be
reported. Tenofovir disoproxil fumarate (TDF), an anti- HIV
drug, was approved [or the treatment of patients with HBV

© 2009 Blackwell Publishing Ltd



in the United States [19,20]. This is an acyclic nucleotide
analogue with a molecular structure related to that of ADV.
Recent study showed that 300 mg of TDF treatment had
superior anliviral effect to patients with chronic hepalitis B
compared to 10 mg of ADV treatment. The serious clinical
adverse event related to TDF did not occurred during
48 weeks of the administration [21].

However, Fanconi syndrome was reported to have devel-
oped in a 45-year-old cirrhotic woman coinfected with HIV
and HCV during treatment with TDF [22]. To quantify the
risk of Fanconi syndrome, renal proximal tubulopathy
should be assessed in large numbers of patients with HBV
during nucleotide therapy, including a combination of ADV
and LAM.

In conclusion, our study showed that combination therapy
with ADV and LAM effectively suppressed HBV replication
and maintained biochemical remission in patients who have
chronic liver discase associated with LAM-refractory HBV.
However. it is important to closely monitor renal function
and serum phosphate levels in patients with circhosis, as well
as those who receive long-term antiviral therapy. Renal
impairment improved without increased HBV replication
after adjusting the dosing interval of ADV.
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Usefulness of transient elastography for assessment of
liver fibrosis in chronic hepatitis B: Regression of liver
stiffness during entecavir therapy
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Aim: The usefulness of transient elastography remains to be
validated in chronic hepatitis B, particularly as a tool for moni-
toring the degree of liver fibrosis during treatment.

Methods: The subjects were 50 patients with chronic hepa-
titis B virus infection. Liver biopsy was performed in 38
patients, and in 12 patients with platelet counts of 50 x 10%L
or less, cirrhosis was clinically diagnosed on the basis of
specific signs of portal hypertension. Liver stiffness was
measured by transient elastography at baseline and after
12 months of treatment in 20 nucleos{t)ide-naive patients
who started entecavir within 3 months after study entry.

Results: Twenty (40%) patients were classified as F1, 10 (20%)
as F2, 5({10%) as F3, and 15 (30%) as F4 (cirrhosis). Median liver
stiffness (interquartile range} was 7.0 kPa (5.6-9.4), 9.8 kPa
(5.6-14.7), 9.8 kPa (7.6-12.9), and 17.3 kPa (8.2-27.6) in fibro-
sis stages F1 to F4, respectively. Liver stiffness significantly

correlated with fibrosis stage (r=0.46; P =0.0014). Of the
patients who started entecavir, median liver stiffness
significantly decreased from 11.2kPa (7.0-15.2) to 7.8 kPa
(5.1-11.9; P=0.0090) during 12months of treatment.
Median levels of amino-terminal peptide of type Il procol-
lagen and type IV collagen 7S domain in serum significantly
decreased from 0.9 (0.6-1.3) to 0.6 (0.5-0.7) U/mL (P = 0.0010)
and from 5.0 (4.4-6.7) to 3.9 (3.2-4.4) ng/mL (P =0.015),
respectively.

Conclusion: Liver stiffness measurement can be useful for

monitoring regression of liver fibrosis during entecavir treat-
ment in patients with chronic hepatitis B virus infection.

Key words: chronic hepatitis B virus, entecavir, FibroScan,
liver stiffness, transient elastography.

INTRODUCTION

NFECIION WITH HEPATTIIS B virus (HBV) remains

an important public health problem and a leading
cause of liver-related morbidity worldwide.! Currently
available antiviral therapy for chronic HBV includes the
immunomodulator interferon and oral nudeos(t)ide
analogues.>? Entecavir, a cyclopentyl guanosine ana-
logue, is the most potent agent against HBV among
licensed nucleos(t)ide analogues and is used as the

Correspondence: Professer Nerifumi Kawada, Department of
Hepatology, Osaka City University Graduate School of Medicine,
1-4-3 Asahimachi, Abeno-hu, Osaka 545-8585, Jupun. Email:
kawadunori@med. osaka-cu.ac.jp

Received 18 January 2010; revision 27 April 2010; accepled 3 May
20i0.

© 2010 The Japan Society of Hepatology

first-line treatment of choice for chronic HBV infection.
Randomized controlled trials have demonstrated not
only virological and biochemical responses, but also a
histological response (defined as 2-point reduction in
the Knodell necroinflammatory score without progres-
sion to fibrosis) in patients treated with entecavir.*” A
post hoc descriptive analysis of the trials showed that the
stage of fibrosis was improved in 58% of nucleos(t)ide-
naive patients with advanced liver fibrosis by 52 weeks
of entecavir treatment.®

Liver biopsy is considered the gold standard for diag-
nosing chronic liver disease, grading necroinflammatory
activity, and staging liver fibrosis. However, sampling
error can lead to underestimation of the degree of
liver fibrosis, especially when biopsy specimens are
small or fragmented. In addition, interpretation of the
results is subject to significant intra- and inter-observer
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variability. Moreover, liver biopsy is not suitable for
repeated evaluations, because it is invasive and can
cause major complications (0.3-0.5%), including death
(0.03-0.1%).”® Several surrogate serumn markers and
laboratory indices/scores thus have been proposed as
alternative techniques for the non-invasive assessment
of liver fibrosis.>!® More recently, transient elastography
(FibroScan; Echosens, Paris) has been introduced and
found to be a rapid, objective, and promising technique
for staging liver fibrosis by measuring liver stiffness.'"!?
In a meta-analysis of 50 studies done mainly in chronic
hepatitis C, the mean areas under the receiver operating
characteristic curve for the diagnosis of significant fibro-
sis, severe fibrosis, and cirrhosis were 0.84, 0.89, and
0.94, respectively.'?

Compared to hepatitis C virus, the usefulness of tran-
sient elastography has been. less extensively studied and
validated in chronic HBV. In particular, transient elas-
tography has not been evaluated as a tool for monitor-
ing regression of liver fibrosis during antiviral treatment
for chronic HBV, although patients’ acceptance of
repeated evaluations is excellent.

The aim of this study was to determine whether liver
stiffness as measured by transient elastography can be
used for on-treatment monitoring of the effects of ente-
cavir on liver fibrosis in patients with chronic HBV. First,
we evaluated the correlation between liver stiffness and
the stage of fibrosis in 50 patients with chronic HBV.
Second, in 20 patients who started entecavir within
3 months after study entry, liver stiffness, as well as
serum levels of liver fibrosis markers, was measured at
baseline and after 12 months of reatment.

METHODS

Patients

FE FLOW OF the participants through the trial is

shown in Figure 1. Between April 2005 and June
2008, 38 patients with chronic HBV in whom liver
biopsy was clinically indicated were admitted to our
hospital. During the same period, 12 other patients with
chronic HBV in whom percutaneous liver biopsy was
contraindicated by a low platelet count (<50 x 10°/L)
received a dlinical diagnosis of cirrhosis on the basis of
specific signs of portal hypertension, such as esophageal
varices.

A total of 50 consecutive patients with chronic HBV
were included in this study. We excluded patients who
had antibodies to hepatitis C virus and other likely
causes of chronic liver diseases; ascites and other clini-
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Figure 1 Flow of participants through the wial. Of the 50
patients studied, 16 were receiving nucleos(t)ide analogue
treatment at entry. Of the remaining 34 nucleos(t)ide-naive
patients, 20 patients started entecavir within 3 months of
entry.

cal signs of decompensated liver disease; acute exacer-
bations of liver disease, defined as a rise in alanine
aminotransferase (ALT) to 10-times higher than the
upper limit of normal; or hepatocellular carcinoma
detectable by ultrasonography in the target area for
liver stiffness measurement. Informed consent was
obtained from each patient. The procedures of the
study were in accordance with the Helsinki Declaration
of 1975 {2000 revision).

Liver histology and quantification of
liver fibrosis
Liver biopsies were performed with a 15-gauge Tru-Cut
needle (Hakko, Tokyo) under ultrasound guidance.
Liver tissues were fixed in formalin immediately after
biopsy and embedded in paraffin. Four-micrometre-
thick sections were stained with hematoxylin-eosin and
Sirius red and immunostained with a-smooth muscle
actin (Dako, Glostrup). The stage of liver fibrosis and
grade of necroinflaimmatory activity were evaluated
semiquantitatively according to the METAVIR scoring
system as follows: F1, portal fibrosis without septa; F2,
portal fibrosis and few septa; F3, numerous septa
without cirrhosis; and F4, cirrhosis.* METAVIR activity
scores were defined as follows: Al, mild; A2, moderate;
and A3, severe. A liver sample was considered adequate
if it was longer than 15 mm and contained six or more
portal tracts.

In some biopsy specimens, morphometric image
analysis was performed with a computerized system,
consisting of a photomicroscope, digital camera, and
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LuminaVision 2.4 bioc-imaging software (Mitani,
Tokyo), to quantitatively assess fibrosis. The proportion
of area stained with Sirius red or g-smooth muscle actin
in liver-biopsy sections was calculated as the sum of the
pixel-wise bound stain measurements divided by the
number of summed pixels.

Liver stiffness measurement

Liver stiffness was measured by transient elastography
{FibroScan; EchoSens)'"'? within 3 months of study
entry. Briefly, this system is equipped with a probe
including an ultrasonic transducer mounted on the axis
of a vibrator. The subject laid down on a bed in the
horizontal supine position with the right arm in
maximal abduction, and a probe was placed on the skin
above the right intercostal space. A vibration transmit-
ted from the vibrator toward the tissue induces an elastic
shear wave that propagates through the right lobe of the
liver. These propagations are followed by pulse-echo
ultrasound acquisitions, and their velocity, which is
directly related to tissue stiffness, is measured. The
median of ten successful measurements was expressed
in units of kilopascals (kPa) and used as the liver stiff-
ness for a given subject. Performance was considered
optimal when the rate of successtul measurements to
the total number of acquisitions was at least 60% and
the ratio of the interquartile range to the median value
did not exceed 30%.

Biochemical, hematological, and

virological examinations

The following variables were determined at baseline:
serum ALT activity, platelet count, HBV surface antigen,
HBV e antigen (HBeAg), anti-HBe, HBV genotypes,
and HBV DNA levels. HBV surface antigen, HBeAg, and
anti-HBe were detected by chemiluminescence enzyme
immunoassay. Genotypes of HBV were identified by
enzyme-linked immunosorbent assay (Institute of
Immunology, Tokyo)."” HBV DNA was measured by
transcription-mediated amplification with a hybridiza-
tion protection assay (Chugai Diagnostics, Tokyo); the
detection range was 3.7-8.7 log,, copies/mL.'s If HBV
DNA was not detected by this method, a PCR-based
Amplicor Monitor test {(Roche Molecular Systems, Pleas-
anton, CA) was utilized; the detection range was 2.6-7.6
logie copies/mL.*’

Surrogate serum markers of liver fibrosis

In patients who started entecavir within 3 months of
entry, two serum markers of liver fibrosis were measured
at baseline and after 12 months of treatment. Serum

Liver stiffness during entecavir 855

levels of amino-terminal peptide of type III procollagen
{PIINP) were measured by radioimmunoassay {Nihon
Schering K.K., Osaka), with a normal range of 0.3-
0.8 U/mL. Serum levels of type IV collagen 7S were
measured by radioimmunoassay (Mitsubishi Kagaku
latron, Tokyo), with a normal range of not more than
6 ng/ml..

Statistical analysis

Statistical analysis was performed with the Statview
SE + Graphics program, version 5.0 (SAS Institute, Cary,
NC). Distributions of countinuous variables were ana-
lyzed by the Mann-Whitney U-test. Differences in
proportions were evaluated by Fisher's exact test. The
significance of correlation was tested by Spearman's
rank analysis. The significance of changes in values
between two time points was evaluated by the Wilcoxon
signed-rank test. A two-tailed P-value of less than 0.05
was considered to indicate statistical significance.

RESULTS

Baseline characteristics of patients

ABLE 1 SHOWS the baseline characteristics of the

enrolled patients with chronic HBV. Mean body
mass index was 22.4 kg/m? six patients were overweight
(25-30 kg/m?), and no patient was obese (>30 kg/m*).
Among all 50 subjects, 16 were receiving nucleos(t)ide
analogue treatment at entry: 5 were receiving lami-
vudine, 2 lamivudine plus adefovir dipivoxil, and
9 entecavir (Fig. 1). Among the remaining 34
nucleos(t)ide-naive patients, 20 started entecavir at an
oral dose of 0.5 mng once daily within 3 months after
entry. The 20 patients who started entecavir had signifi-
cantly higher ALT (£=0.018) and HBV DNA levels
(P=0.011) and a lower stage of fibrosis {P=0.0016)
than the other 30 patients.

Liver stiffness and fibrosis stage

The liver stiffness measurements are shown according
to the stage of fibrosis in Figure 2. Of the 50 enrolled
patients with chronic HBV, 20 (40%) were classified as
F1, 10 (20%) as F2, 5 (10%) as F3, and 3 (6%) as F4 on
liver biopsies; cirrhosis was dinically diagnosed in 12
(24%) patients. When clinical cirrthosis was combined
with histological F4, median liver stiffness {interquartile
range) was 7.0kPa (5.6-9.4), 9.8kPa (5.6-14.7),
9.8 kPa {7.6-12.9), and 17.3 kPa (8.2-27.6) in fibrosis
stages F1 to F4, respectively. Liver stiffness significantly
correlated with the stage of fibrosis (r=0.46;
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