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Patients with either of the following criteria during ; Tem ‘

follow-up were regarded as censored data in statisti- 2 Enrolled parfents |

cal analysis [Fleming et al., 1984]: (1) they were

retreated with IFN (N =949); (2) they had new onset

of carcinogenesis (N=645); and (3) they had been i

given anticoagulant and antiplatelet drugs (N=28). !

The final date of follow-up in these patients with |, = Sim,_,cg

censored data was regarded as the time of the e —

initiation of criteria described above. The mean

follow-up period was 6.7 [standard deviation (SD) 4.3]

years in 452 patients with loss of follow-up and 7.4

(SD 4.7) years in 1,722 patients who had censored ed wusing Mann-Whitney test. The cumulative

data. Patients with loss of follow-up and censored incidence of hemorrhagic stroke were calculated by

Fig. 1. An algorithm of the study population.

data were counted in the analysis. using the Kaplan—Meier technique, and differences in
the curves were tested using the log-rank test
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Statistical Analysis [Kaplan and Meier, 1958; Harrington and Fleming,

1983]. Independent risk factors associated with hem-
Clinical differences bstween patients with hemor- orrhagic stroke were studied using the stepwise Cox
rhagic stroke and those without events were evaluat- regression analysis [Cox, 1972]. The following

TABLE 1. Clinical Backgrounds at the Initiation of Follow-Up in Enrolled Patients

Hemorrhagic Without events

Total stroke group group P-value
N 4,649 23 4,621
Age (years) 51.9+11.8 60.4+6.7 51.8=11.9 <0.001
Gender (M/F) 2,966/1,883 16/12 2,950/1,871 0.781
Height (cm) 163.1+£9.2 159594 163.2+9.2 0.171
Weight (kg) 61.4+12.8 57.9+£8.0 61.4+12.7 0.113
BMI 22.74:3.1 234428 22.7+3.1 0.582
BP (systolic, mmHg) 128+ 18 140 £20 12718 0.007
BP (diastolic, mmHg) 77+13 8615 77=13 0.001
Total aleohol intake (kg)® 9592 148+105 94-+£92 0.002
Smoking index® 8.5+95 11.8412.4 64+94 <0.001
AST (IU/L) 41+£43 48+ 28 41+43 <0.001
ALT (IU/L) 44+ 53 53+38 43 +£52 0.004
GGT QU/L) 5360 5947 52+61 0.078
Albumin (g/dl) 4003 3.5=04 4003 0.110
Triglyceride (mg/dl 101+52 108 £ 46 100 +£52 0.097
Cholesterol (mg/dl) 170 =31 171 £27 170 £31 0.893
HDIL-C (mg/d]) 43+ 14 4512 4814 0.002
LDL-C (mg/d}) 104 £29 108 =37 103 £29 0.049
Fasting plasma glucose (mg/dl) 99+ 22 - 103£23 100+£22 0.093
HbAc %) | . 57+11 59+1.2 57+=1.1 0.024
Platelet (x10%/mm?) 17.2+52 14.1+6.2 17.3+£54 0.001
Staging (cirrhosis/non-cirrhosis)® 485/4,164 12/16 473/4,148 <0.001
HCV genotype (1h/2a/2b/other)” 2,859/1,109/487/184 22/5/1/0 2.837/1,104/496/184 0.104
HCV RNA (log IU/mDP 6.07+1.05 6.03=1.03 6.08+1.05 0.387
IFN monotherapy/combination therapy® 3,000/1,649 24/4 2,976/1,645 <0.001
Efficacy (HCV; clearance/non-clearance) 2,103/2,546 5/23 2,098/2,523 0.006

ALT, alanine aminotransferzse; AST, aspartate aminotransferase; BML, body mass index; BP, blood pressure; GGT, gamma-glutamyl-
transferase; HbA;; hemoglokin Ay ¢; HCV, hepatitis C virus; HDL, high density lipoprotein; IFN, interferon.

Data are number of patients or mean i standard deviation.

"‘Smolliing index is defined ss package per day » year; itotal alcohol intake and smoking index indicate the sum before and after first
consultation.

“Value before IFN {reatment.

“Quthreak of IFN monotherapy: recombinant IFN alpha 2a, 238 cases; recombinant IFN alpha 2b, 183 cases; natural IFN alpha, 1,750
cases; natural IFN beta, 750 cases; total dose of IFN =554 - 164 MU. Outbreak of peg IFN monotherapy: peg IFN alpha 2a, 93 cases, total
dose of peg IFN =17.54 + 2.20 mg.

Outbreak of combination therapy: recombinant IFN alpha 2b+-ribavirin, 335 cases, total dose of IFN=3508=184MU, total dose of
ribavirin =160 = 68 g; natural IFN beta +ribavirin, 127 cases, total dose of IFN =502:£ 177 MU, total dose of ribavirin = 155 = 67 g; peg IFN
alpha 2b - ribavirin, 1,173 cases, total dose of peg IFN =4.12=1.10mg, total dose of ribavirin =205 =58 ¢.
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variahles were analyzed for potential covariates for
incidence of primary outcome: (1) age, gender, type 2
diabetes mellitus, hypertension, BMI at the initiation
time of follow-up, (2) HCV genotype, HCV load, and
hepatic fibrosis before IFN therapy, (3) average value
of aspartate aminotravsferase (AST), alanine amino-
transferase (ALT), trigiyceride, total cholesterol, high
density lipoprotein (HDIL) cholesterol, low density
lipoprotein (I.DL) chelesterol, and platelet during
follow-up, (4) sum value of smoking and alecohol
before, during, and after the IFN therapy, (5) efficacy
of IFN therapy, combination of ribavirin, type of IFN,
and total dose of IFN. A P-value of less than 0.05
was considered statistically significant. Data analysis
was performed using SPSS 11.5 for Windows (SPSS,
Chicago, IL).

RESULTS

Patients Characteristics

Figure 1 shows the algorithm of the study popula-
tion. For the mean observation period of 8.0 years, 28
of 4,649 patients developed hemorrhagic stroke.
Table I shows the baseline characteristics of the

A
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P<0.001
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enrolled 4,649 patients at the initiation of follow-up.
The patients are divided into two groups of patients
with hemorrhagic stroke and without event. There
are significant differences in several baseline charac-
teristics between the two groups. The HCV clearance
rate was 34.7% (1,042/3,000) in IFN monotherapy
and 64.3% (1,061/1,649) in combination therapy of
IFN and ribavirin. Thus, the number of patients with
HCV clearance was 2,103. The mean follow-up was
3.0 (SD 5.0) years. The 28-day vascular disease-
related mortality rate was 33% (10/28) in hemorrhag-
ic stroke.

Predictive Factors for the Development of
Intracerebral Hemorrhagic Stroke

The cumulative incidence of intracerebral hemor-
rhagic stroke was 0.3% at 5 years, 0.8% at 10 years,
and 1.7% at 15 years (Fig. 2A). The factors associated
with the development of intracerebral hemorrhagic
stroke are shown in Table II. Intracerebral hemor-
rhagie stroke occurred when patients had age incre-
ments of 10 vears [hazard ratio: 2.77; 95% confidence
interval (CI) 1.48-5.18; P=0.001], hypertension
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Fig. 2. Panel A: Cumulative development rate of intracerchral hemorrhagic stroke in total

HCV patients treated with IFN therapy. Panel B: Cumulative development rate of intracere-
bral hemorrhagic stroke based on difference of age. Panel C: Cumulative development rate of
ischemic stroke based on the difference of blood pressure. Panel D: Cumulative development
rate of intracerebral hemorrhagic siroke based on difference of liver fibrosis. Panel E:
Cumulative development rate of intracerebral hemorrhagic stroke based on difference of

interferon efficacy.
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(V)

TABLE II. Predictive Factors for the Development of Infracerebral Hemorrhagic Stroke

Univariate analysis Cox regression
Variables HR (95% CI) P-value HR (95% CI) P-value
Age (years, per 10) 3.55 (1.96-6.43) <0.001 2.77 (1.48-5.18) 0.001
Gender (M/F) 1.26 (0.65-2.44) 0.334
BMI (>22/<22) 0.97 (0.75-1.24) 0.767
Diabetes (+/~) 3.40 (1.26-9.15) 0.015
Hypertension (+/-) 4.07 (1.94-8.54) <0.001 2.30 (1.09-4.83) 0.021
Smoking index (>20/<20)* 2.12 (0.95-4.76) 0.068
Total alcohol intake (kg, >200/<200)* 1.10 (0.53-4.37) 0.138
AST (IU/L, >34/<34) 2.79 (1.17-6.66) 0.020
ALT (IU/L, 286/<86) 2.68 (1.14-6.29) 0.023
GGT (IU/L, >109/<109) 1.28 (0.610-1.89) 0.655
Albumin (g/dl, <3.9/>3.9) 2.96 (1.24-7.09) 0.015
Triglyceride (mg/dl, >100/<100) 1.19 (0.83-1.49) 0.283
Total cholesterol (rng/dl, <150/>150) 1.06 (0.48-1.91) 0.936
HDL-C (mg/dl, >40/<40) 0.96 (0.38-2.50) 0.960
LDL-C (mg/dl, >120/<120) 0.81 (0.50-2.51) 0.572
Platelet (x10%mm”, <15/>15) 3.22 (1.41-7.35) 0.005
Histological diagnosis (cirrhosis/mon-cirrhosis) 7.40 (3.30-16.77) <0.001 4.50 {2.07-9.78) <0.001
Combination of ribavirin (+/-) 0.80 (0.25-2.54) 0.701
Type of IFN (o/B) 1.29 (0.65-2.33) 0.116
Total dose of IFN (MU, >500/<500) 0.87 (0.39-1.99) 0.744
HCV genotype (1/2) 1.53 (0.62-3.80) 0.360
HCV RNA (logIU/ml, >5/<5) 1.35 (1.02-1.79) 0.035
Efficacy (HCV: non-clearance/clearance) 2.98 (1.13-6.59) 0.020 3.22 (1.22-8.53) 0.018

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, hody mass index; CI, confidence intarval; GGT, gamma-
glutamyliransferase; HICV, hepatitis C virus; IFN, interferon.

*Smoking index is defined as package per day x year; total alcohol intake and smoking index indicate the swum before and after first
consultation.

(hazard ratio: 2.30; 95% CI 1.09-4.83; P=0.021), Hemorrhagic Stroke Based on the Difference of
liver cirrhosis (hazard ratio: 4.50; 95% 2.07-9.78; Liver Fibrosis and Efficacy

P <0.001), and HCV non-clearance (hazard ratio: :

3.22; 95% CI 1.22-8.53; P=0.018). Figure 2B-E Figure 3A,B shows the cumulative incidence of
shows the cumulative incidence of hemorrhagic intracerebral hemorrhagic stroke based on the differ-
stroke based on differsnce of age, blood pressure, ence of liver fibrosis and efficacy of IFN therapy. As

liver fibrosis, and efficacy of IFN therapy. shown in Figure 3B, HCV clearance reduced
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Fig. 3. Panel A: Cumulative development rate of intracerebral hemorrhagic stroke based on
difference of efficacy after interferon treatment in HCV patients with chronic hepatitis. Panel
B: Cumulative development rate of intracerebral hemorrhagic stroke based on the difference of
efficacy after interferon treatment in HCV patients with liver cirrhosis.
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TABLE III. Comparison in Clinical Backgrounds Between HCV Clearance and HCV Non-Clearance in Patients With Liver

Cirrhosis

HCV clearance group HCV non-clearance group P-value
N 174 311
Age (years) 56.7Tx9.6 57.0+9.9 0.721
Gender (M/F) 108/66 184/127 0.562
BMI 23.8+£3.7 23.6+£35 0.479
BP (systolic, mmHg) 132418 18117 0.791
BP (diastolic, mmHg) 80x£11 T9+12 0.775
Total alcohol intake (kg 112 +97 1284101 0.057
Smoking index® 6.2+10.7 59102 0.129
AST (QU/Ly 33+20 78247 <0.001
ALT UL} 34+ 28 794£61 <0.001
GGT JU/L) 24 +£26 61 =65 <0.001
Albumin (g/dD) 3.7+04 3.5x04 0.149
Triglyceride (mg/dl) 110 =47 104 =45 0.243
Cholesterol (mg/dl) 157 £29 161 £31 0.373
HDL-C (mg/dl) 42412 45:+12 0.257
LDL-C (mg/dD 96 += 26 9530 0.748
Fasting plasma glucose (mg/dl) 104 =22 10926 0.085
HbArc (%) , 5712 6.0=1.3 0.024
Platelet (x10%/mm®) ) 14.1:46.2 173454 0.097
HCV genotype (1b/2a/2b/other)” 75/72/24/3 209/54/15/33 <0.001
HCV RNA (log IU/ml)® 5.32::1.12 6.38 = 1.00 <0.001
IFN monotherapy/combination therapy® 110/64 232/79 0.012

Data are number of patients or mean =standard deviation, ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; BP, blood pressure; GGT, gamma-glutamyliransferase; HbA,¢, hemoglobin A, HCV, hepatitis C virus; FDL, high density

lipoprotein; IFN, interferon.

“Smoking index is defined as package per day x year; totul alecohol intake and smoking index indicate the sum before and after frst

consultation.
bValue before IFN treatment.

“Outbreak of IFN monotherapy: natural IFN alpha, 252 cases; natural IFN heta, 90 cases; total dose of IFN =518 = 156 MU.
Outbreak of combination therapy: natural IFN beta + ribavivin, 41 cases, total dose of IFN =490 = 171 MU, total dose of ribavirin =151+ 64

g; peg IFN alpha 2b -+ ribavirin, 102 cases, total dose of peg IFN = 3.96 = 1.03 mg, total dose of ribavirin =188 4

hemorrhagic stroke to one-fourth in cirrhotic pa-
tients. Table III shows the clinical backgrounds
between HCV clearance and HCV non-clearance in
patients with liver cirrhosis. There are significant
differences in AST, ALT, GGT, HCV genotype, HCV
RNA, and HbA ¢ between HCV clearance group and
HCV non-clearance group. However, there are no
significant differences in age and hypertension be-
tween HCV clearance group and HCV non-clearance
group.

DISCUSSION

The incidence of hemorrhagic stroke after the
termination of IFN therapy in HCV patients has
been described in the present study. The strengths of
the present study are a prolonged follow-up in the
large numbers of patients included.

The present study shows several findings with
regard to the cumulative incidence and predictive
factors for hemorrhagic stroke after IFN therapy for
HCYV patients. First, intracranial hemorrhagic stroke
occurred significantly when patients had advanced
age of >60 years, hypertension, liver cirrhosis, and
HCV non-clearance. Several authors have reported
that the most common risk factor for hemorrhagic
stroke is aging, high levels of blood pressure [Turin
et al., 2010; O'Donnell et al., 2010; Naidech, 2011;
Cervera et al, 2012]. In addition, antiplatelet and

J. Med. Virol. DOI 10.1002/jmv
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anticoagulant medications also increase the risk of
hemorrhagic stroke [Cervera et al., 2012]. Our results
evaluated hemorrhagic stroke in HCV patients
agreed with these reports concerning aging and
hypertension.

Second, HCV clearance reduced hemorrhagic stroke
to about one-fourth in cirrhotic patients. In general,
patients with advanced liver fibrosis have often the
hemorrhagic tendency due to prothrombin deficit and
platelets diminution. Thus, our result suggests that
the HCV clearance prevent the aggravation of pro-
thrombin deficit and platelets diminution. Our previ-
ous reports have indicated that HCV clearance
reduces type 2 diabetes mellitus [Arase et al., 2009],
bone fracture [Arase et al., 2010], and chronic kidney
disease [Arase et al., 2011]. In the present study,
HCV clearance reduced the incidence of intracerebral
hemorrhagic stroke. In particular, HCV clearance
reduced intracerebral hemorrhagic stroke to about
one-fourth in cirrhotic patients.

A hemorrhagic stroke is the rapid loss of brain
function due to hemorrhage. As a result, a hemor-
rhagic stroke is a medical emergency and can cause
permanent neurclogical damage and death. Recently,
the life span has been long in Japan. Thus, in near
the future, a large number of patients with HCV will
be >60 years of age. A hemorrhagic stroke might be
increasing in HCV positive patients in aging society.
Our results show that physicians in charge of HCV
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patients with hypertension, liver cirrhosis, and HCV
non-clearance should bes noted the development of
hemorrhagic stroke.

The present study was limited by a retrospective
cohort trial. Another limitation of the study was that
patients were treated with different types of antivirus
therapy for different duration. In addition, these
patients were treated with different types of drugs
for diabetes, hypertension, and dyslipidemia during
follow-up. Finally, our cohort contains Japanese sub-
jects only. On the other hand, the strengths of the
present study are a long-term follow-up in the large
numbers of patients included.

In conclusion, HCV clearance reduced hemorrhagic
stroke to about one-fourth in cirrhotic patients.
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Abstract

Background Renal dysfunction and Fanconi’s syndrome
associated with hypophosphatemia caused by long-term
administration of low-dese adefovir dipivoxil (ADV) has
been reported in recent yzars. The aim of this retrospective
study was to determine the incidence and factors associated
with renal dysfunction and hypophosphatemia in patients
with hepatitis B infection on long-term treatment with
ADV and lamivudine (LAM).

Methods The study subjects were 292 patients treated
with 10 mg/day ADV and 100 mg/day LAM for more than
6 months. We cvaluated estimated glomerular filtration
rate (eGFR), serum creatinine and serum phosphate level at
the start of ADV and every 6 months.

Result  During a median treatment duration of 64 months,
28 (9.6 %) patients developed renal impairment (defined as
eGFR < 50 ml/min/1.73 m?), and 73 (27.1 %) developed
hypophosphatemia, including 14 with persistent hypo-
phosphatemia. The cumulative incidences of renal
impairment at 1, 3, and 5 years were 14, 7.5, 105 %,
respectively, and those of hypophosphatemia were 6.8,
20.6, 26.7 %. respectively. Multvariate analysis identified
old age, liver cirrhosis and hypertension as determinants of
renal impairment, and male sex, HCC, low baseline serum
phosphate as determinants of hypophosphatemia. Three of
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the 14 patients with persistent hypophosphatemia devel-
oped Fanconi’s syndrome; their serum creatinine level
remained normal, but eGFR was lower than at baseline.

Conclusion Long-term treatment of hepatitis B with low-
dose (10 mg/day) ADV and LAM can potentially cause
renal impairment and hypophosphatemia. We advocate
regular monitoring of serum phosphate and evaluation of
eGFR, in addition to serum creatinine, in such patients.

Keywords Adefovir dipivoxil - Hepatitis B virus -
Renal dysfunction - Hypophosphatemia -
Fanconi’s syndrome - Osteomalacia

Abbreviations

ALT Alanine aminotransferase
AST Aspartate aminotransferase
BMI Body mass index

CHB Chronic hepatitis B

CHBI Chronic hepatitis B infection

CI Confidence interval

eGFR Estimated glomerular filtration rate
HBeAg Hepatitis B e antigen

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

IFN Interferon

1P Inorganic phosphate

LC Liver cirrhosis

Introduction

Hepatitis B virus (HBV) infects more than 350 million
people worldwide. Hepatitis B is a leading cause of chronic
hepatitis, cirrhosis, and hepatocellular carcinoma (HCC)
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[1]. The goal of therapy is to reduce HBV replication to
limit progressive liver disease and improve the natural
history of chronic HBV infection (CHBI) {2]. Oral nucle-
otide analogs are used for antiviral therapy of patients with
CHBI. Lamivudine (LAM) is the first nucleotide analogue
indicated for CHBI [3]. However, long-term LAM therapy
is associated with emergence of drug-resistant HBV
mutation, and relapse of hepatitis [4-7]. Subsequent studies
indicated that adefovir dipivoxil (ADV) alone or in com-
bination with LAM provides effective antiviral therapy in
patients with LAM-resistant HBV [8, 9]. However, ADV
monotherapy of LAM-resistant HBV resulted in the
appearance of virological breakthrough due to acquisition
of ADV-resistant mutation [10]. Therefore, the Japanese
cuidelines recommend the use of the combination of ADV
and LAM f{or patients with LAM-resistant HBV [11].

Renal impairment is one of the most serious side effects
of ADV. Nephrotoxicity associated with ADV is dose-
dependent. In CHBI phase TIT trials, significant renal tox-
icity was not observed during a median follow-up period of
64 weeks in patient treated with ADV at 10 mg/day [12].
However, renal dysfunction associated with long-term use
of low-dose ADV has been documented in a few reports
published in recent years [13—15]. Moreover, a few case
reports also described hypophosphatemia associated with
Fanconi’s syndrome in association with the use of ADV at
10 mg/day {14, 16, 17].

On the other hand, there are only a few studies on the
incidence of renal dysfunction and hypophosphatemia
during long-term combiration therapy of ADV and LAM.
In the present study, we investigated the incidence of renal
impairment and hypophosphatemia associated with long-
term use of ADV-LAM combination in patients with CHBI
and defined the characteristics of those patients who
developed the above side effects.

Patients and methods
Patients

The study group comprised 292 Japanese patients who
were treated with the combination therapy of ADV and
LAM between November 2002 and December 2011 at
Toranomon Hospital, Tokyo, Japan. Patients were included
in this study if they met the following criteria: (1) patients
with LAM-refractory CHBI who commenced ADV add-on
LAM at Toranomon Hospital; (2) the starting dose of ADV
was 10 mg/day; (3) normal renal function at the com-
mencement of ADV (serum creatinine < 1.2 mg/dl and
estimated glomerular filtration rate (eGFR) of =350 ml/min/
1.73 m%): (4) patients who received the combination ther-
apy for more than 6 months. Furthermore, we excluded

patients who had history of treatment with other nucleotide
analogs and co-infection with hepatitis C virus or human
immunodeficiency virus (HIV).

Study protocol

Patients visited our hospital every 1-3 months after the
initiation of ADV treatment, and blood samples were
obtained at every visit. We evaluated virological and bio-
chemical markers at the start of ADV and every 6 months
thereafter. The eGFR was calculated by the Japanese GFR
equation [194 x Crt%%* x age®?*7 (x 0.739 for females)].
Renal impairment represented a decrease in eGFR
to < 50 ml/min/1.73 m*, while hypophosphatemia was
defined by serum phosphate level of < 2.5 mg/dl. The
dosing interval of ADV was modified by the attending
physician when serum creatinine level increased
to > 1.2 mg/dl. Liver cirrhosis was defined by presence of
stage 4 fibrosis on histopathological examination and/or
clinical evidence of portal hypertension.

The study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki and approved by
the ethics committee of Toranomon Hospital.

Statistical analysis

Descriptive statistics were reported as proportion (%) for
categorical variables, and median values (range) for con-
tinuous variables. The Mann—~Whitney U test was used 10
compare two continuous variables, and Fisher’s exact test
or Chi square test was used to compare two categorical
variables. The cumulative incidences of renal impairment
and hypophosphatemia were calculated using the Kaplan—
Meier method and group data were evaluated using the log-
rank test. The Cox proportional hazard regression model
was used to estimate univariate and multivariate risk fac-
tors for renal dysfunction and hypophosphatemia. Wilco-
xon rank sum test was used to compare changes in the
median values of eGFR and serum phosphate. Statistical
significance was defined with two-tailed P value of < 0.05.
Statistical analyses were performed using The Statistical
Package for Social Sciences (versionll; SPSS, Chicago,
IL).

Results

Baseline characteristics

Table 1 lists the baseline clinical and laboratory charac-
teristics at the start of ADV. The total duration of the

combination therapy of ADV and LAM was 64.3 months
(range: 6-118). The median age of the patient was 47 years
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Table 1 Baseline characteristics

n 292

Age (years) 47 (25-75)
Male sex 228 (78.1 %)
Body weight (kg) 63 (39.9-92.5)
Body mass index (kg/m”) 222 (15.8-36.9)

Treatment duration (months) 643 (6.0-118)

67 (22.9 %)

48 (16.4 %)

17 (5.8 %)

42 (14.4 %)

13/15/240/24 (4.5/5.1/82.2/

Current cirrhosis

Current and/or history of HCC
History of diabetes mellitus
History of hyperiension
Genotype (A/B/Clothers or

unknown) 3.2 %)
HBeAg (positive/negative/ 114/176/2 (39.0/60.3/0.7 %)
unknown)

Serum HBV-DNA (loglU/ml)
Total bilirubin (mg/dl)

Alanine aminowansferase (1U/ml)
Albumin (g/dl)

Plateler( x 10%/mm®)

6.9 (< 2.1 to <9.0)
0.7 (0.2-6.0)

86 (9-3156)

3.9 (2447

16.1 (3.1-45.2)

Creatinine (ng/dl) 0.8 (0.4-1.1H
eGFR (ml/min/1.73 m?) 85.2 (51.2-179.9)
Inorganic phesphate (mg/dl) 3.2 (1.6-4.6)

Values are expressed as median (range), or number of patient (%)

eGFR estimated glomerular filuation rate, HCC hepatocellular
carcinoma

(25-75), and patients were mostly men (78.1 %). Sixty-
seven (22.9 %) patients had cirrhosis before starting ADV,
and 48 patients (16.4 %) had a history of HCC or had HCC
at study entry. Forty-two (14.4 %) patients had diabetes
mellitus, and 17 (5.4 %) had arterial hyperiension. The
median body weight was 63 kg (39.9-92.5), and median
BMI was 22.2 kg/m” (15.8-36.9). Baseline eGFR was
85.2 ml/min/1.73 m* (51.2-179.9), and phosphate was
3.2 mg/dl (1.6-4.6).

ADV-induced nephrotoxicity
Frequency of renal impairment

Twenty-eight (9.6 %) patients developed renal impairment
during the combination therapy. The eGFR decreased

120-30 % from baseline in 67 (22.9 %) patients, 30-50 % in

34 (18.5 %) patients, and >50 % in 5 (1.7 %) patients.
Figure 1 displays the cumulative incidence of renal impair-
ment. Figure 1a shows the time to eGFR of < 50 ml/min/
173 m? (i.e., renal impairment). The 1-, 3-, and 3-year
cumulative incidence of renal impairment was 1.4, 7.3, and
10.5 %, respectively. Figure 1b shows the time to reduction
in eGFR of =30 % from baseline. The 1-, 3-, 3-year
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Fig. 1 Cumulative incidence of renal impairment and hypophospha-
emia. a Cumulative incidence of reduction of eGFR to less than
50 m¥min/1.73 m® at 1-, 3-, and 5-years of weamment with ADV and
LAM. b Cumulative incidence of reduction of eGFR by >30 %
relative to baseline at 1-, 3-, and 3-years of treatment with ADV and
LAM. ¢ Cumulaiive incidence of hypophosphatemia among 269
paiients with baseline IP of >2.5 mg/d]

cumulative incidence of reduction in eGFR >30 % was 5.9,
16.2,22.7 %, respectively. We also evaluated renal function
using serum creatinine. Serum creatinine increased toc more
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[F%]

than 1.2 mg/dl in 34 (1.6 %) patients during the study
period. The 1-, 3-, and 5-yzar cumulative incidence of serum
creatinine of >1.2 mg/dl was 1.4, 651, and 114 %,
respectively. The proportion of patients who developed renal
impairment started to increase about 2 vears after the com-
mencement of ADV.

Time-course of renal impairment

Figure 2a shows serial changes in the median value of
eGFR after the addition of ADV to LAM. We excluded
from this analysis those patients in whom the dose of ADV
was reduced at the point of modification. The eGFR of 264
patients without renal Iimpairment remained stable
throughout the study. On the other hand, the eGFR of 28
patients with renal impairment decreased rapidly within
about 2 years after the addition of ADV.
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Fig, 2 Clinical course after the addition of ADV to LAM for
treatment of chronic hepatitis B infection. a Changes in median eGFR
level after the addition of ADV w0 LAM. Solid line patients with
normal renal function, broken line patients who developed renal
impairment {excluding patieats who required reduction of the dose of
ADV at the point). b Changes in the median level of serum phosphate
after the addition of ADV to LAM. Solid line patients with normal
phosphate level, broken line: patients who developed hypophospha-
temia (excluding patients required reduction of the dose of ADV at
the point)

Predictive factors for renal impairment

The results of univariate and multivariate analyses,
including the hazard ratio for eGFR to < 50 ml/min/
1.73 m?, are shown in Table 2. Univariate analysis showed
that old age (> 50 years, P < 0.0001), current cirrhosis
(P < 0.0001), current and/or history of HCC (P = 0.001),
history of hypertension (P < 0.0001), mild renal dysfunc-
tion at baseline (eGFR < 80 mU/min/1.73 m>, P = 0.001),
and thrombocytopenia (platelet count < 15 x 10%mm?,
P = 0.003) were associated with the development of
nephrotoxicity. Multivariate analysis indicated that old age
(P = 0.006), cirrhosis (P = 0.011), and history of hyper-
tension (P = 0.005) were significant predictors of renal
impairment.

Univariate and multivariate analyses were also per-
formed for a fall in eGFR of >30 % relative to baseline.
The results of univariate analysis showed that old age
(P < 0.0001), female sex (P = 0.007), small body weight
(<60 kg, P =0002), history of diabetes mellitus
(P <0.0001), mild renal dysfunction at baseline
(P = 0.018), hypo-albuminemia (P = 0.010), and throm-
bocytopenia (P = 0.007) were associated with decrease in
eGFR of >30 % relative to baseline. On the other hand,
multivariate analysis identified old age (P < 0.001), small
body weight (P = 0.013), history of diabetes mellitus
(P =0.020), and mild renal dysfunction at baseline
(P < 0.0001) as significant predictors of fall in eGFR of
>30 % relative to baseline.

In either case, old age was a significant conuributing
factor of ADV-induced renal impairment. History of dia-
betes mellitus and arterial hypertension were also signifi-
cant predictors.

Effect of modification of ADV dosing interval on renal
impairment

Seventeen (5.8 %) patients required modification of the
ADYV dosing interval because of renal impairment. The
ADV dosing interval was changed from 10 mg every day
to 10 mg every other day when creatinine increased to
>1.2 mg/dl. The clinical characteristics of the 17 patients
could be summarized as follows: all were men with a
median age of 54 years (35-63), 8 (47.1 %) patients had
cirrhosis, 4 (23.5 %) patients had a history of HCC, base-
line eGFR was 69.3 mi/min/1.73 m> (58.2-89.3), phos-
phate was 3.3 mg/dl (2.1-3.9), and the median time to
modification of ADV dose was 48.5 months (20.7-70.0).
Figure 3a shows changes in eGFR and Fig. 3b shows
changes in serum phosphate after modification of the ADV
dosing interval. The dose modification significantly
improved eGFR and serum phosphate as measured at
6 months and 1 year after the modification. Analysis of the
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Table 2 Determinants of renel
impairment (eGFR less than
50 mY/min/1.73 mm”)

Univariate analysis Multivariate analysis

CI contidence interval,
[P inorganic phosphate,
HCC hepatocellular carcinoma,

HR (95 % CD) Pvalue HR (95 % CI) P value
Age =50 years 7.661 (2.898-20.252) <0.0001 4280 (1.505-12.169) 0.006
Male sex 1.227 (0.464-3.236) 0.680
Body weight < 60 (kg) 1.470 (0.687-3.145) 0.320
Current cirrhosis 5.344 (2.479-11.518) <0.0001 2.861 (1.279-6.401)  0.01]
Current and/or history of HCC 3.855 (1.788-8.311) 0.001
History of diabetes mellitus 2.841 (0.982-8.149) 0.054
History of hypertension 5.116 (2.393-10.938)  <0.0001  3.087 (1.403-6.791)  0.005
Baseline eGFR < 80 (eGFR =50) 4.219 (1.786-10.00) 0.001
Baseline IP < 3.2 mg/dl 1.634 (0.766-3.497) 0.204
Platelet count < 15 x 10%mm? 3.448 (1.511-7.874) 0.003

HR hazard ratio
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Fig. 3 Changes in ¢eGFR and serum phosphate after modification of

the ADV dosing interval. a Changes in eGFR. b Changes in serum -

phosphate level

long-term courses of eGFR and phosphate in these 17
patients after modification of ADV showed that the median
eGFR after 1-, 2-, and 3- years of modification was 53.2,
56.7, 53.9 ml/min/1.73 m?, respectively. eGFR remai-
ned > 50 ml/min/1.73 m* after modification, but never

’f?’; Springer

recovered to baseline level. None of the patients required
discontinuation of ADV due to renal impairment.

ADV-induced hypophosphatemia
Frequency of hypophosphatemia

Seventy-three (27.1 %) of 269 patients who had normal
phosphate at baseline developed hypophosphatemia during
the course of the study. Fourteen (19.1 %) of the 73
patients who developed hypophosphatemia continued to
show hypophosphatemia until the end of the study. On the
other hand, the remaining 59 patients developed transient
hypophosphatemia only. The cumulative incidence of
hypophosphatemia is shown in Fig. lc. The 1-, 3-, and
S-year cumulative incidence of hypophosphatemia was 6.8,
20.6. and 26.7 %, respectively. On the other hand, 23
patients had hypophosphatemia at baseline. Seven (30.4 %) _
of these 23 patients had chronic hypophosphatemia. The
phosphate level of 4 (17.4 %) patients reverted spontane-
ously to normal, while serum phosphate level of the other
12 (52.2 %) patients fluctuated during the study.

Time-course of hypophosphatemia

Figure 2b shows changes in the median serum level of
phosphate after the addition of ADV to LAM. We
excluded from this analysis those patients in whom the
dose of ADV was reduced at the point of modification.
The median phosphate level decreased gradually after the
addition of ADV in patients who subsequently developed
hypophosphatemia.

Predictive factors for hypophosphatemia

Table 3 shows the results of univariate and multivariate
analyses, including hazard ratio, of the factors associated
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Table 3 Determinants of hypophosphatemia

Univariate analysis Multivariate analysis

HR (95 % CI) P value HR (95 % CI) P value
Age =50 years 1.325 (0.836-2.100) 0.230
Male sex 3.690 (1.600-8.475) 0.002 2.824 (1.212-6.759) 0.016
Body weight < 60 kg 1.417 (0.850-2.360) 0.181
Current cirrhosis 1.854 (1.143-3.008) 0.012 )
Current and/or history of HCC 1.824 (1.089-3.054) 0.022 1.871 (1.106-3.166) 0.020
History of diabetes mellitus 1.355 (0.546-3.362) 0.513
History of hypertension 1.558 (0.870~2.791) 0.136
Baseline eGFR < 80 (eGFR >30) 1.264 (0.788-2.029) 0.332
Baseline IP < 3.2 mg/dl 3,155 (1.965-5.051) <0.0001 2.833 (1.751-4.032) <0.0001
Platelet count < 15 x 10%/mm’ 1.472 (0.925-2.342) 0.103
Abbreviations as in Table 2
with a fall in serum phosphate level to < 2.5 mg/dl. Effect of modification of ADV dosing interval
Patients with baseline serum phosphate of < 2.5 mg/dl on hypophosphatemia and liver function
(n = 23) were excluded from the analysis. Univariate
analysis showed that male sex (P = 0.002), cirthosis  The median serum phosphate level after 1-, and

(P = 0.012), current and/or history of HCC (P = 0.012),
and low baseline phosphate level (P < 0.0001) correlated
with hypophosphatemia. On the other hand, multivariate
analysis identified male sex (P = 0.016), current and/or
history of HCC (P = €.020). and low baseline serum
phosphate level (P < 0.0001) as significant determinants of
ADV-induced hypophosghatemia.

Further analysis showed that decreases in eGFR of more
>30 % relative to the baseline value in 2.5 years correlated
significantly with hypophtosphatemia (P = 0.007).

2-
3- years of modification of ADV dose was 2.9, 3.1, and
3.0 mg/dl, respectively. Serum phosphate level fluctuated
even after the dose modification. We also analyzed
changes in serum ALT and HBV-DNA. After ADV dose
modification, serum ALT level decreased to within the
normal range (ALT <401IU/L) in 16 of 17 patients.
Although serum ALT level of the remaining single case
increased tansiently after the modification, it normalized
1 year later. The HBV-DNA level was below the
detection level at ADV dose modification in 14 of the 17

Table 4 Clinical features of patients with persistent ADV-induced hypophosphatemia

Case  Sex Age BW LC/CH/

Baseline Min. Max. Min. Max.  Fall in eGFR  Ostealgia
no. {(years) ko) HCC P ALP UA Cr (%)
IP ALP UA Cr eGFR
1 F 63 64.6 LC/HCC 27 323 54 05 933 08 1081 1.2 0.9 47.9 -
2 F 73 572 CH 36 285 41 05 83 1. 1102 22 0.8 411 .
3 M 35 614 CH 39 14 43 08 893 22 174 34 1.2 378 -
4 M 57 662 LC/HCC 29 361 28 08 777 22 742 1.7 1.2 37.1 -
5 F 40 604 CH 29 259 49 05 1058 1.1 1012 25 0.7 33.1 -
6 M 47 574 CH 39 203 39 07 951 18 241 3.1 1.0 32.3 -
7 M 30 702 LC/HCC 34 300 354 06 1102 1.1 351 53 0.8 29.3 -
8 M 4] 803 LC/HCC 27 206 53 08 853 20 268 43 I. 23.2 -
9 M 38 730 CH 26 259 29 09 678 22 378 2.2 1.1 20.5 -
10 M 31 89.0 1C 34 180 44 08 922 16 502 1.8 0.9 17.7 +
i1 M 34 629 CH 27 it 64 0.6 1237 22 179 4.6 0.7 16.2 -
12 M 49 83.0 CH 3.1 442 61 0.8 809 22 383 5.0 0.9 145 -
13 M40 839 LC/HCC 37 216 69 09 754 19 383 6.0 1.0 10.9 -
i4 M 39 66.0 CH ' 41 144 64 10 677 2.1 179 6.3 1.1 9.9 -

Fall in eGFR represents fall in eGFR relative to the baseline

BW body weight, /P inorgaric phosphate, ALP alkaline phosphatase
HCC hepatocellular carcinoma

. UA uric acid, Cr creatinine, LC liver cirrhosis, CH chronic heparitis,
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patients, and the level did not increase after the modi-
fication. The remaining three patients with detectable
HBV-DNA at modificaticn did not show any change in
HBV-DNA.

Patients with persistent hypophosphatemia

Fourteen (5.2 %) patients developed persistent hypophos-
phatemia. There were no significant differences in clinical
features and results of laboratory tests at baseline between
patients with transient and persistent hypophosphatemia.
Table 4 lists the clinical features of these patients. Three of
these patients complainec of bone pain during treatment.
They had markedly elevated alkaline phosphatase (ALP)
and low serum uric acid (UA) levels during the combina-
tion therapy. Their serum creatinine level remained normal,
but their eGFR decreased relative to baseline. Figure 4
provides a summary of the clinical course of cases 1 and
10.

Case 1 was a 63-year-old woman with HBeAg-positive
liver cirrhosis. She was first treated with LAM for chronic
hepatitis, but ADV was edded 17 months later due to the
development of LAM resistance. The laboratory data
(serum phosphate, ALP, UA and creatinine) were within
normal ranges at baselire, and she had no other health
problems. Continuous treatment with ADV for about
3 years resulted in increzse in ALP level and decrease in
UA and serum phosphate. After 4.5 years, she developed
lumbago and right ankle pain. Blood tests showed ALP of
1102 TU/ml, UA of 1.2 mg/dl, and serum phosphate of
0.8 mg/dl. Other laboratory tests demonstrated metabolic
acidosis, aminoaciduria, low tubular reabsorption of
phosphate (34.8 %: normal value 35-98 %), and high
fractional excretion of uric acid (47.6 %; normal value
4-14 %). These results indicated generalized dysfunction
of the proximal renal tubules. A technetium bone scan
showed increased uptake in bilateral ribs, carpal bones,
lumbar spine, and bilateral calcaneus. She was diagnosed
with acquired Fanconi’s syndrome with hypophosphatemic
osteomalacia associated with ADV therapy. ADV was
discontinued and replaced with entecavir (ETV) while
hypophosphatemia was weated with oral phosphate. Three
months after cessation of ADV and oral phosphate sup-
plementation, the patient reported symptomatic improve-
ment and blood tests showed normalization of phosphate
level and low ALP level

Case 10 was a 31-vear-old man with HBeAg-positive
liver cirthosis. He was also first treated with LAM, and
ADV was added on 16 months later. The laboratory data
were within the normal ranges at baseline. Treatment for
1.5 year with ADV resulied in decrease in serum phosphate
and UA, and 4-year treziment increased ALP level After
7 years, the right metatarsal bone broke in an accident.

After 9 years of treatment, blood tests showed serum
phosphate of 1.3 mg/dl. Detailed clinical examination was
conducted at that stage. Other laboratory -tests showed
aminoaciduria, low tubular reabsorption of phosphate
(65.5 %), and high fractional excretion of uric acid
(19.1 %). A technetium bone scan showed increased
uptake in bilateral ribs, bilateral ankles, tarsal bones, and
right metatarsal. He was also diagnosed with acquired
Fanconi’s syndrome and hypophosphatemic osteomalacia
associated with ADV therapy. ADV dosing interval was
changed from 10 mg every day to 10 mg every other day,
and oral phosphate supplementation and calcitriol were
added to the treatment. Treatment for 2 months resulted in
improvement of symptoms and normalization of phosphate
level.

Discussion

Renal impairment is one of the most serious adverse effects
of ADV. The following mechanism is considered to
explain ADV-induced nephrotoxicity: the human organic
anion transporter-1 (hOAT1) is a renal membrane protein
expressed at the basolateral membrane of the proximal
tubule cells. hOAT1 can efficiently transport cyclic
nucleoside phosphonate, and thus contibute to ADV
nephrotoxicity by accumulation of the drug in renal prox-
imal tubules {18, 19].

Previous studies indicated that the ADV-related neph-
rotoxicity is dose-dependent [12]. In a large-scale clinical
trial, 8 % of patients treated with 30 mg/day ADV for
48 weeks had high serum creatinine (>0.5 mg/dl), relative
to baseline. On the other hand, none of the patients treated
with 10 mg/day ADV showed increase in creatinine
(=0.5 mg/dl), relative 1o baseline [20]. Thus, ADV at a
dose of 10 mg/day has been used previously for the treat-
ment of patients with CHBI. However, renal dysfunction
has been reported even after the use of ADV at this dose,
especially after long-term administration [13-13]. For
example, in a study of the 10 mg ADV combined with
LAM, serum creatinine increased in 38 % of patients fol-
lowing median treatment duration of 38 months [14]. In
another retrospective study of 687 patients, during a
median treatment period of 27 months, 10.53 % of patients
developed renal impairment., which was defined as a
decrease in eGFR of more than 20 % relative to the
baseline [15]. In our study, 9.6 % of patients developed
renal impairment during a median treatment duration of
64.3 months. Our results also showed that 20.2 % of the
patients exhibited more than 30 % decrease in eGFR, and a
much larger proportion (43.2 %) of the patients showed
more than 20 % decrease in eGFR. These rates are higher
than those reported previously. Furthermore, as shown in
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Fig. 2a, patients with rapid falls in eGFR within the first
2 years of treatment should be carefully monitored for any
renal dysfunction. Based on the results of our study, it
seems that longer dosing period is associated with higher
incidence of renal dysfunction.

We also analyzed the risk factors of renal impairment
defined by a decrease ir eGFR to less than 50 ml/min/
1.73 m*. Ha et al. [13] reported that age >50 years, mild
renal impairment at baseline, hypertension and/or diabetes
mellitus, and male sex were significant predictors of renal
impairment characterized by decrease in eGFR of >20 %
relative to baseline. Furthermore, Yu et al. [13] also
reported that age >50 years was a significant predictor of
renal dysfunction in those patients treated with ADV. In
our study, age was also identified as a significant and
independent determinant of the primary endpoint, together
with liver cirrhosis and history of arterial hypertension.
Considered together, these data indicate that care should be
taken when ADV-based therapy is used for elderly patients
with CHBL

Cross-sectional studies have demonstrated a decline in
GFR with age [21, 22]. Moreover, hypertension and dia-
betes mellitus are also reported to worsen the rate of
decline of renal function [23-25]. Renal failure is common
and often severe in patients with cirrhosis due to the acti-
vation of various vasoconstrictor systems, including the
renin—angiotensin systern and the sympathetic nervous
system [20]. Taken together, eGFR is more likely to
decrease during ADV therapy in patients with older age,
hypertension, diabetes mellitus, cirrhosis, mild renal dys-
function at baseline.

ADV-induced proximal tubule failure can lead to
hypophosphatemia. In a randomized clinical control trial
using 120 mg/day ADV for treatment of patients with HIV,
hypophosphatemia occurred in 50 % of patients after
48 weeks and in 61 % of patients after 72 weeks of ADV
treatment [27]. On the cther hand, in another study using
10 mg/day ADV for patients with CHBI, there was no
overall change in serum phosphorus level during the
96-week study period [28]. However, in recent years,
several reports have described the development of hypo-
phosphatemia in patients treated with ADV at a daily dose
of 10 mg [14, 29]. In our study, 27.1 % of patients
developed hypophosphatemia during the combination
therapy. Although 21.9 % of patients developed transient
hypophosphatemia, 5.2 % of patients who had normal
phosphate level at baseline developed persistent hypo-
phosphatemia. In this regard, one previous study reported
that approximately 2 % of hospitalized patients had
hypophosphatemia [30]. Collectively, the above results and
our findings indicate that ADV-based treatment is associ-
ated with a high incidence of hypophosphatemia. Tamori
et al. [14] reported that serum phosphate level decreased to
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less than 2.5 mg/ml in 16.2 % of their patients during the
38-month combination therapy. Gara et al. [29] reported
that 14 % of their patients treated with nucleotide analog
therapy (10 mg/day ADV combined with 100 mg/day
LAM, or 300 mg/day tenofovir monotherapy) developed
persistent hypophosphatemia. Analysis of our data identi-
fied male sex, presence and/or history of HCC, and low
serum phosphate level at baseline as significant determinants
of hypophosphatemia. Furthermore, a decrease in eGFR by
>30 % relative to baseline within 2.5 years was also asso-
ciated with the development of hypophosphatemia.

Hepatic insufficiency is associated with impairment in
25-hydroxylation of vitamin D in the liver, which can lead
to reduced synthesis of 1, 25 (OH) 2D3, with subsequent
worsening of hypophosphatemia based on reduced intesti-
nal absorption of phosphorus [31, 32]. In our study, 73 %
of patients with HCC had liver cirrhosis, and the presence
and/or history of HCC was a predictor of hypophosphate-
mia. Another mechanism of hypophosphatemia is protein
and calorie malnutrition, which is a common feature of
chronic liver disease. Furthermore, invasive treatment of
HCC may itself cause hypophosphatemia. The present
study also analyzed the relation between gender and
hypophosphatemia. In a study that enrolled more than 4500
community-dwelling Italians of broadly diverse age, serum
phosphorus levels were similar in males and females until
the age of 45 years [33]. Interestingly, serum phosphate
level increased in females aged between 45 and 34 years
but fell after 55 years of age. The increase in serum
phosphate level in females is probably related to menstrual
status [33]. In the present study, serum phosphate level was
higher in females than in males at baseline (3.51 vs. 3.18,
P < 0.0001). Thus, male sex was a significant determinant
of hypophosphatemia. These findings call for careful
monitoring of serum phosphate level in patients treated
with ADV, especially male patients, patients with HCC,
and patients with renal dysfunction.

Several studies described the development of Fan-
coni’s syndrome and subsequent hypophosphatemic
osteomalacia in patients treated with 10 mg/day ADV
[14, 16, 17]. Fanconi’s syndrome is characterized by
generalized transport defect in the proximal tubules,
leading to renal losses of glucose, phosphate, uric acid,
amino acids, bicarbonate, and other organic compounds
[34]. Severe hypopheosphatemia seems to cause inade-
quate mineralization of bone matrix. with subsequent
osteomalacia [33, 36]. The electrolyte imbalance and
osteomalacia cause symptoms of muscle weakness, fati-
gue, ostealgia, and bone fractures [37]. Acquired renal
tubular defect resulting in Fanconi’s syndrome have been
described in association with many exogenous agents,
including valproate, aminoglycosides, tetracycline, and
acyclic nucleoside phosphonates [34].
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Various approaches have been used for the treatment of
osteomalacia associated with Fanconi’s syndrome. Clarke
et al. [38] reported successful treatment of osteomalacia
associated with acquired Fanconi’s syndrome with calcium,
phosphate and vitamin D, regardless of the underlying cause
of the disease. Eight cases of Fanconi’s syndrome with ADV-
related hypophosphatemic osteomalacia were reported in the
past 5 years [14, 16, 17, 39-41]. Three of the 8 patients were
treated with oral phosphate only; while 3 other patients
received oral phosphate and vitamin D, and one patient was
treated with the combination of oral phosphate, vitamin D
and calcium. In all cases, treatment increased serum phos-
phate level and improved musculoskeletal symptoms. Sim-
ilar to the eight cases reported in the literature, our 2 patients
showed normalization of phosphate level and symptomatic
improvement after treatment. Treatment with oral phosphate
for ADV-related hypophosphatemic osteomalacia is con-
sidered effective.

We also examined the clinical characteristics of the 14
patients who developed persistent hypophosphatemia.
Three of the 14 patients developed ostealgia during the
treatment. Patients 1 and 10 were diagnosed with acquired
Fanconi’s syndrome with subsequent hypophosphatemic
osteomalacia. Although we could not confirm the diagnosis
of Fanconi’s syndrome in patient 2 because she was
transferred to another hospital, she was considered to have
developed Fanconi’s syndrome based on the clinical
course. Despite persistent hypophosphatemia, serum cre-
atinine remained within the normal range. In addition, 6 of
the 14 patients also had low eGFR (=30 % decrease rela-
tive to baseline), and two patients with Fanconi’s syndrome
showed >40 % decrease in eGFR, relative to baseline.
Based on the above featares, patients can develop marked
hypophosphatemia and serious complications, such as
Fanconi’s syndrome, following significant fall in eGFR,
irrespective of the level of serum creatinine. In the three
patients who developed Fanconi’s syndrome, a gradual
increase in serum ALP level and simultaneous fall in serum
uric acid were noted more than one year before the
appearance of ostealgia. Based on the above findings, we
recommend reducing the dose or changing medications
to other nucleotide analogues in patients who develop
hypouricemia, hyper-Al Pemia, hypophosphatemia, and
low eGFR, to avoid the development of ADV-induced
Fanconi’s syndrome.

In our study, the dosing interval of ADV was modified
by the attending physician following increase in serum
creatinine level. Seventeen (5.8 %) patients required such
modification, their eGFR and serum phosphate showed
significant improvement at 6 and 12 months after the
modification, in agreement with previous reports [13, 42].
However, the modification in ADV dosing interval
from 10 mg every day w0 every other day neither affected
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HBV-DNA level nor the antiviral effect. Therefore, the
ADV dose should be modified in patients who show
decrease in eGFR and/or serum phosphate.

In conclusion, our results showed that even at low dose
of 10 mg/day, long-term combination therapy of ADV and
LAM can cause renal impairment and hypophosphatemia,
and lead to Fanconi’'s syndrome in a subgroup of patients.
ADV-based treatment tends to reduce eGFR and serum
phosphate especially in elderly male patients and those
with HCC. We recommend regular monitoring of serum
phosphate and evaluation of eGFR, in addition to serum
creatinine, in patients treated with ADV. Suspicion of
Fanconi’s syndrome requires early reduction of ADV dose
or switching to other antiviral agents.
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Abstract

Background Rate of hepartitis B surface antigen (HBsAg)
seroclearance was determined in 2,112 Japanese patients
with chronic hepatitis B who were followed up for at least
15 years.

Methods Patients had a median age of 37 years and
included 1,431 (67.8 %) men. Median values were
AST/ALT, 43/62 TU/L; platelet counts, 182 x 103/mm3;
HBsAg, 3,400 IU/mL; and hepatitis B virus (HBV) DNA,
6.2 log copies/mL. Factors influencing HBsAg seroclea-
rance were evaluated by the Cox proportional model and
annual rate of HBsAg seroclearance by the Kaplan—Meier
life table method.

Results The overall annual rate of HBsAg seroclearance
was 1.75 % in 2,112 patients; it was 1.65 % in 1,130
untreated and 2.05 % in 982 treated patients (p = 0.289).
In untreated patients, seroclearance was influenced by age,
no HBYV infections in third-degree or closer relatives, and
HBsAg levels in univeriate analysis. Seroclearance was
influenced by a median age >350 years [relative risk (RR)
1.61 (p = 0.018)] and HBsAg <2.000 IU/mL [RR 1.77
(p = 0.014)] in multivariate analysis. In treated patients,
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age, male gender, no HBV infections in third-degree or
closer relatives, interferon therapy, chronic hepatitis, high
AST and v-GTP levels, low platelet counts, hepatitis B e
antigen (HBeAg)-negative status, low HBsAg levels and
the wild-type precore sequence significantly influenced
HBsAg seroclearance. In multivariate analysis, no family
history [RR 2.22 (p = 0.006)], interferon treatment [RR
3.15 (p < 0.001)], and HBeAg-negative status [RR 3.75
(p < 0.001)] significantly influenced HBsAg seroclearance.
Conclusions In this retrospective cohort study, the annual
rate of HBsAg seroclearance was 1.65 % in untreated
patients and 2.05 % in treated patients.

Keywords Seroclearance - Hepatitis B surface antigen -
Hepatitis B virus - Chronic hepatitis B

Abbreviations
ALT Alanine aminotransferase

AST Aspartate aminotransferase
ETV Entecavir

HBeAg Hepatitis B e antigen

HBcrAg Hepatitis B core-related antigen
HBV Hepatitis B virus

HBV DNA  Hepatitis B virus DNA

HBsAg Hepatitis B surface antigen
IFN Interferon

LAM Lamivudine

Introduction

Worldwide, an estimated 400 million people are infected
with hepatitis B virus (HBV) persistently. HBV infection is
a common disease that can induce a chronic carrier state
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and is assoclated with the risk of developing progressive
disease and hepatocellular carcinoma (HCC) [1-5]. In
regions highly endemic for HBV, such as Asia and Africa,
the persistent carrier state is established by perinatal
transmission or early in infancy. Carriers serve as the res-
ervoir of HBV in the community and can spread the
infection to susceptible individuals. The incidence of HCC
is decreased extremely by eradicating HBV from the cir-
culation that is responsible for liver damage [6~9]. In
Japan, interferon (JFN) was introduced for the weatment of
persistent HBV infections, and long-term IFN increased
seroclearance of hepatitis B surface antigen (HBsAg) [10].
Since 2000, the effect of long-term nucleot(s)ide ana-
logues, such as lamivudine [11, 12] and entecavir [13], on
HBsAg seroclearance hzs been monitored in Japan.

In the curent study, we followed untreated or treated
patients for at least 15 years. We evaluated the seroclea-
rance of HBsAg, achieved in both groups of patieuts, by
using highly sensitive assays. Our aim was to determine
factors that can lead to HBsAg seroclearance and to elu-
cidate the factors associated with its success.

Patients and methods

Patients

During at least 15 years from 1968, 2,112 consecutive
patients, chronically meno-infected with HBV (confirmed
by HBsAg-positivity for at least 6 months) were followed
at the Department of Hepatology, Toranomon Hospital, in
Metropolitan Tokyo. Patients met the following inclusion
and exclusion criteria: (1) negativity for hepatitis C anti-
body and/or hepatitis C virus RNA by polymerase chain
reaction (PCR) in the serum; (2) no history of HCC; and (3)
no history of autoimmune hepatitis, alcohol liver disease,
hemochromatosis, or chronic liver disease other than
chronic hepatitis B. Thus, the 2,112 patients were enrolled
in this cohort study. A written informed consent was
obtained from each patient. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of Hel-
sinki and was approved a priori by the institution’s human
research committee.

Treatment

Nine hundred and eighty-two patients received antiviral
treatments. Of them, 156 patients received prednisolone
(PSL) 40 mg daily for 1 week, 30 mg daily for 1 week,
20 mg daily for 1 week, and then 10 mg daily for 1 week
until it was abruptly withdrawn (total 700 mg). A total of
428 patients received 100 mg lamivudine (LAM) daily as
an initial therapy. In total, 333 patients received 3-12 MU

of IFN-o or IFN-B. The durations and regimens of treat-
ment were as follows: daily for 2 or 4 weeks and then 2 or
3 times per week for 26-104 weeks. The median duration
of treatment was 26 weeks (range 4-981). There were 190
(57 %) patients who received multiple treatments of IFN.

LAM treatment was continued as a rule; median dura-
tion of LAM treatment was 73 months (55-102). LAM-
resistant rtM2041/V mutants developed in 151 (35 %) of
the 428 patients, and they were provided with adefovir
dipivoxil (10 mg) added on LAM, as a rescue therapy. The
remaining patients continued to receive LAM mono-
therapy. In addition, 65 patients received 0.5 mg entecavir
(ETV) daily as an initial therapy. ETV treatment was
continued as a rule, and median duration of ETV treatment
was 45 months (1.0-104).

Markers of HBV infection

Serum HBsAg titers were determined annually using
ARCHITECT HBsAg QT assay kits (Abbott Laboratories,
Tokyo, Japan), which have a lower limit of detection of
0.05 TU/mL and an upper limit of detection of 250 TU/mL.
To expand the upper limit from 250 to 125,000 IU/mL,
serum samples going off the scale were diluted stepwise to
1:20 and [:500 with ARCHITECT diluents following
instructions from the manufacturer.

Hepatitis B e antigen (HBeAg) was determined by
enzyme-linked immunosorbent assay with a commercial
kit (HBeAg EIA; Institute of Immunology, Tokyo, Japan).
HBV DNA was quantified using the Amplicor monitor
assay (Roche Diagnostics, Tokyo, Japan) with a dynamic
range of 2.6-7.6 log copies/inL, or COBAS TagMan HBV
v.2.0 (Roche Diagnostics, Tokyo, Japan) with a dynamic
range of 2.1-9.0 log copies/mL. Hepatitis B core-related
antigen (HBcrAg) was determined by chemiluminescence
enzyme immunoassay (CLEIA) with the HBcrAg assay kit
(Fujirebio Inc., Tokyo, Japan). A commercial kit (HBV
Genotype EIA; Institute of Immunology, Tokyo. Japan)
was used to serologically determine HBV genotypes by the
combination of epitopes expressed on the pre-S2 region

product, which is specific for each of the 7 major genotypes
(A-G).

Statistical analysis

Baseline data were obtained on the day of the first visit in
untreated patients. In patients who received antivirals,
baseline data were obtained at the start of the first day of
treatment. Categorical data were compared between groups
by chi-squared or Fisher’s exact tests. Continuous variables
with a nonparametric distribution were analyzed by Mann—
‘Whitney U tests, whereas those with a parametric distri-
bution were analyzed by the Student’s ¢ test. Cox
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regression analyses were used to assess variables that were
significantly associated with HBsAg seroclearance. All
baseline factors that were found to be significantly asso-
ciated with HBsAg seroclearance by univariate analysis
were entered into a multivariate analysis. Independent
baseline factors associated with the seroclearance of
HBsAg were evaluated using a stepwise Cox regression
analysis. We then performed a time-dependent Cox
regression to analyze independent factors associated with
HBsAg seroclearance while on-treatment factors and
independent baseline factors had been adjusted.

Cumulative HBsAg seroclearance rates were analyzed
using the Kaplan—Meier method; differences in the result-
ing curves were evaluated using log-rank tests. Signifi-
cance was defined as p < 0.05 for all two-tailed tests. Data
analysis was performed with the SPSS software package
version 11.0.1 J (SPSS Inc., Chicago, IL, USA).

Results
Baseline characteristics in the 2,112 patients

The baseline characteristics of studied patients are shown
in Table 1. They had a median age of 37 years (range
1-81), included 1,431 (67.8 %) men, and 2,031 (96.2 %) of
them had chronic hepetitis. Their baseline values were
AST/ALT, 43 (3-2,192)/62 (2-3,020 IU/L); v-GTP, 27
(4-1,494) IU/L; platelet counts, 182 (40—483) x 10°/mm?;
and HBV markers were HBsAg, 3,400 (0.06-27,700) 10/
mL; and HBV DNA, €.2 (<2.1 to >9.1) log copies/mL.
HBeAg was not detectable in 5.4 % of studied patients, and
the distribution of genotypes A/B/C/others was
45:15.6:79.6:0.3 %.

The HBsAg seroclearance rate analyzed by the Kaplan—
Meier method was 9 % in 5 years, 17 % in 10 years, 27 %
in 15 years, 35 % in 20 years, 44 % in 25 years, and 34 %
in 30 years. The annual rate of HBsAg seroclearance was
1.75 % during 20 years (Fig. 1).

In the 2,112 patients, factors influencing HBsAg seroc-
learance in univariate analysis by the Cox regression
analyses were cirrhosis [relative risk (RR) 2.40
(p = 0.014)]; HBeAg negative [RR 3.01 (p = 0.001)]; and
HBsAg <2.000 IU/mL [RR 2.13 (p = 0.004)]. In multi-
variate analyses, only 2 factors contributed to HBsAg se-
roclearance: HBeAg negative [RR 1.81 (p < 0.001)]; and
HBsAg <2.000 IU/mL [RR 2.60 (p < 0.001)] (Table 2).

Untreated patients and treated patients
Differences in the baseline characteristics between 1,130

untreated and 982 treated patients are shown in Table 3:
age [31 years vs. 36 (p < 0.001)]; male gender [62.4 vs.
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Table 1 Baseline characteristics 2.112 patients infected with HBV
followed for longer than i3 years

Features at the baseline Patients (n = 2,112)

emographic data
Age (years) 37 (1-81)
Men 1.431 (67.8 %)
Liver disease
Chronic hepatitis 2,031 (6.2 %)
Cirrhosis 81 (3.8 %)

Laboratory data

AST (IU/L) 43 (3-2.192)

ALT (1U/L) 62 (2-3.020)

v-GTP (IU/L) 27 (4-1,494)

Total bilirubin (mg/dL) 0.7 (0.1-21.2)
Albumin (g/dL) 4.3 (1.1-5.8)

Platelets (x 10°/mm?) 182 (40-483)
z-Fetoprotein (pg/L) 4 (1-2.060)

HBYV markers
HBeAg-negative status
HBsAg (IU/mL)

HBcrAg (log U/mL)
Genotypes (A/B/C/others)
HBV DNA (log copies/mL)

1,169 (554 %)

3,400 (0.06-277,000)

5.4 (<3.0 to >6.8)

4.5 %/15.6 %/79.6 %/0.3 %
6.2 (<2.1 10 >9.1)

Median values with the range in parentheses or numbers with the
percentage in parentheses are given

HBV hepatitis B virus, AST aspartate aminotransferase, ALT alanine
aminotransferase, y-GTP y-guanosine wiphosphate, HBeAg hepartitis
B e antigen, HBsAg hepatitis B surface antigen, HBcrAg hepatitis B
core-related antigen
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Fig. 1 Seroclearance of HBsAg in the 2.112 patients studied.
Numbers of patients at risk and those of patients who lost HBsAg
are indicated below each time point

719 % (p <0.001)]; AST [median 27 wvs. 56 IU/L
(p < 0.001)]; ALT [median 28 vs. 96 TU/L (p < 0.001)};
v-GTP [median 20 vs. 45 TU/L (p < 0.001)]; total bilirubin
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Ta_bli 2 Faitorfs }r[léiuir;cmg the Factors Univariate analysis p value Muldvariate analysis p value
ieic;i earance o l‘b‘)g ;n, HBsAg clearance HBsAg clearance
-1 paners, evaluated by Relative risk (95 % CI) Relative risk (95 % CI)
tme-dependent uni- and
mulivariate analyses Age =50 years 1.06 (0.64-1.76) 0.824

Male gender 1.15 (0.69-1.90) 0.594

No HBV infection in family 1.55 (0.93-2.57) 0.092

Treatment 1.26 (0.72-2.19) 0413

Cirrhosis 2.40 (1.20-4.83) 0.014

AST =50 IU/L 1.30 (0.66-2.57) 0.454

ALT =50 IU/L L.81 (0.89-3.70) 0.104

v-GTP =20 IU/L 1.26 (0.72-2.23) 0.418

Total bilirubin =1 mg/dL 1.39 {0.69-2.79) 0.358

Albumin >4 g/dL 1.032 (0.58-1.81) 0.927

Platelets >150 x 10%mm’ 1.22 (0.68-2.18) 0.501
Wild-type precore sequence, u-Fetoprotein <10 ng/L 1.06 (0.59-1.89) 0.845
G1896; wild-type core promoter Genotype A or B, C 1.55 (0.86-2.76) 0.142
sequence, AL762/G1764 HBeAg-negative status 3.01 (0.79-2.07) 0.001  1.81 (1.30-2.77) <0.001
AST aspartate aminotransfersse,  HBV DNA 5 log copies/mL 1.17 (0.64-2.15) 0.612
y, 1 H P M ase X e
ALT alanine aminotransferase, a0 29 000 1UfmL 213 (1.27-3.56) 0004 260 (1.94-3.50) <0.001
+-GTP “y-guanosine 3
riphosphate, HBeAg hepatitis B HBerAg =4 log UL 111 (0.61-2.03) 0.731
e antigen, HBsAg hepatitis B Wild-type precore sequence 0.98 (0.59-1.53) 0.964
surface antigen, HBcrAg Wild-type core promoter sequence  2.74 (0.80-9.30) 0.104

hepatitis B core-related antigen

[median 0.5 vs. 0.7 mg/dL (p < 0.001)); albumin [median
4.4 vs. 43 g/dL (p < (.001)]; platelets [median 202 vs.
181 x 10%/mm’ (p < 0.001)]; u-fetoprotein [median 4 vs.
4 ng/lL (p < 0.001)]; HBeAg-negative status [75.8 vs.
31.8 % (p < 0.001)]: HBsAg levels [median 2,240 vs.
3270 TU/mL (p < 0.001)]; HBcrAg [median 3.6 vs.
>6.8 log U/mL (p < 0.001)]; distribution of genotypes
A/B/Clothers (5.7/20.0/72.6/1.7 vs. 3.4/11.1/84.9/0.5 %,
p < 0.001); and HBV DNA [median 4.7 vs. 8.0 log copies/
mL (p < 0.001)].

The rate of HBsAg seroclearance in treated patients was
8 % in 5 years, 20 % in 10 years, 28 % in 15 years, 41 %
in 20 years, 49 % in 25 years, and 49 % in 30 years, with
an annual HBsAg seroclearance rate of 2.05 % (Fig. 2).
The rate in untreated patients was 9 % in 5 years, 18 % in
10 years. 26 % in 15 vears, 33 % in 20 years, 42 % in
25 years, and 36 % in 30 years, with an annval HBsAg
seroclearance rate of 1.65 %. No differences in the annual
HBsAg seroclearance rate were noted between treated and
untreated patients (p = 0.289).

HBsAg seroclearance in untreated patients

In the 1,130 untreated patients, HBsAg persisted in 930
(82.3 %), whereas HBsAg seroclearance occurred in 200
(17.7 %). In the baseline characteristics, significant differences
were found for age (p < 0.001), male gender (p = 0.003),
chronic hepatitis (p = 0.020), v-GTP (p < 0.001), albumin
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(p = 0.004), HBV genotypes (p < 0.001), HBeAg-negative
status (p < 0.001), HBV DNA (p < 0.001), HBsAg level
(p <0.001), HBcrAg (p <0.001), precore wild-type
(p <0.001), and core promoter wild-type (p = 0.001)
(Table 4).

Factors contributing to HBsAg seroclearance
in untreated patients

In the 1,130 untreated patients, factors influencing HBsAg
seroclearance in univariate analysis by the Cox regression
analyses were age >30 [RR 1.63 (p = 0.002)]; no family
history in third-degree or closer relatives [RR 1.38
(p =0.037)]; and HBsAg <2,000TU/mL [RR 1.87
(p < 0.006)].

In multivariate analyses, only 2 factors contributed to
HBsAg seroclearance: age =50 [RR 1.61 (p = 0.018)] and
HBsAg <2,000 IU/mL [RR 1.77 (p = 0.014)] (Table 3).

HBsAg seroclearance in treated patients

In the 982 treated patients, HBsAg persisted in 833
(84.8 %). HBsAg seroclearance occurred in 149 (15.2 %).
In the baseline characteristics, significant difference were
found for male gender (p = 0.004), no family history in
third-degree or closer relatives (p = 0.010), chronic hep-
atitis (p = 0.001), AST (p = 0.010), v-GTP (p = 0.023),
platelet counts (p <0.001), HBeAg-negative status
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