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Abstract

Background: Several studies have reported a renoprotective effect of telbivudine during the treatment of patients for chronic hepatitis
B(CHB).

Objectives: This longitudinal retrospective study aimed to examine the effects of telbivudine monotherapy and combination therapy
(adefovir plus telbivudine) on renal function.

Patients and Methods: This study included 336 Chinese CHB patients, who were selected from outpatients in Tongji Hospital. 44,122, 66,
58,and 46 of these patients had been orally taking adefovir, telbivudine, entecavir, adefovir plus telbivudine, and adefovir plus lamivudine,
respectively, for at least 24 months.

Results: The estimated glomerular filtration rate (eGFR) in the telbivudine and adefovir plus telbivudine groups increased by 5.14 mL/min
(P<0.001)and 6.19 mL/min (P = 0.005), respectively. The patients taking the five drug regimens were further grouped into the following
three subpopulations: those with compensated hepatic cirrhosis, those aged 50 or more years, and those with baseline eGFR values of
50 - 90 mL/min. The three subgroups that received telbivudine monotherapy exhibited eGFR increases of 6.38, 6.74, and 10.82 mL/min,
respectively. The three subgroups that received combination therapy of adefovir plus telbivudine exhibited eGFR increases of 18.31,14.73,
and 16.59 mL/min, respectively (P < 0.05). The predictive factors for the change in eGFR levels over time were analyzed by means of two
linear mixed effects models for the three monotherapy regimens and two combination regimens. Age, gender, and medication are
predictive factors of eGFR changes. In addition, abnormal creatinine kinase (CK) levels in the telbivudine group were not correlated with
eGFR changes (P=0.992).

Conclusions: These findings indicate that telbivudine, used in both monotherapy and combination therapy, improves the renal function
of patients with CHB. The improvements are particularly significant in patients at high renal risk.
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1. Background

Chronic hepatitis B virus (HBV) infection is a major pub-
lic health burden. Approximately one-third of the world’s
population has serological evidence of past or present
infection with HBV, and 350 to 400 million people are
chronic hepatitis B surface antigen (HBsAg) carriers (1).
This chronic infection can last for decades or a lifetime.
Thus, the control of HBV-induced liver injury is an impor-
tant objective. The goal of therapy for chronic hepatitis
B (CHB) is to prevent the disease from developing into
decompensated cirrhosis, end-stage liver disease, hepa-
tocellular carcinoma, and even death, thereby improv-
ing quality of life and extending lifespan (1, 2). Currently,
the only way to achieve this objective is through the pro-
longed suppression of HBV replication. Accordingly, oral
administration of antiviral drugs is a key strategy.

Five oral antiviral drugs have been approved for the

treatment of CHB, including two nucleotide analogues
(adefovir and tenofovir) and three nucleoside analogues
(lamivudine, telbivudine, and entecavir) (1, 3). These
drugs are safe and simple to take (one pill per day) and
can effectively inhibit HBV replication, making long-term
antiviral therapy possible for CHB patients. Nevertheless,
increasing numbers of patients require long-term antivi-
ral treatment, and the need for combination therapy is
also increasing. The question of the safety of this chronic
drug use is drawing public attention. These five drugs
are metabolized by the kidneys (4), and renal safety must
therefore be considered.

It has been reported that adefovir exhibits dose-related
renal toxicity during CHB treatment. After 48 weeks of
therapy, the incidence of renal toxicity is 13,27, and 50% at
daily doses of 30, 60, and 120 mg, respectively (5). When
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the dose is low (10 mg/day), the renal toxicity manifests as
a slight increase in the serum creatinine (SCr) level and a
decrease in the serum phosphate level (6). Renal toxicity
has also been seen when adefovir has been used in com-
bination with lamivudine for HBV infection treatment. In
a study involving 145 lamivudine-resistant patients, 7% of
patients required adjustment of their adefovir dosage be-
cause of renal toxicity, but no one had to discontinue the
therapy (7). Tenofovir use for HIV and HBV co-infection
also leads to SCr elevation and renal impairment (8, 9). In
contrast, a multi-center study indicated that telbivudine
improves renal function (10). It was also reported that tel-
bivudine in combination with adefovir can increase the
estimated glomerular filtration rate (eGFR) (11). However,
it was less convincing to compare the patients in com-
bination therapy group and monotherapy group in this
study, probably because the patients in the combination
therapy groups had previous exposure to one antiviral
drug. Accordingly, they may have suffered subclinical re-
nal toxicity during the previous exposure.

Chronic HBVinfection itself can also cause renal impair-
ment. A recent study involving 260 chronic carriers of
HBsAg revealed that 64.6% of them suffer from renal dys-
function (12). Epidemiological data indicate that some
CHB patients develop hepatitis B virus-associated glo-
merulonephritis (HBV-GN), which primarily manifests
as membranous nephropathy (13). Compared with other
antiviral drugs, telbivudine is often accompanied by an
increase in the CKlevel. The level usually normalizes after
reduction of the dose or the administration of coenzyme
Q10 (14). The increases in creatinine kinase (CK) levels
that are uniquely attributable to telbivudine may some-
how correlate with its specific renoprotective effect.

2. Objectives

To address these questions, this clinical study analyzed
the change of eGFR in patients treated with different an-
tiviral regimens. In addition, the potential correlation
of abnormal CK levels in the telbivudine group with the
eGFR change was also evaluated.

3. Patients and Methods

3.1. Patients

This clinical longitudinal retrospective analysis in-
volved a total of 411 CHB patients who received antiviral
treatment from July 2011 to June 2014 without interrup-
tion for at least two years. All patients were outpatients
of Tongji Hospital, which located in Wuhan, China. The
eligible patients comprised three monotherapy groups
and two combination therapy groups based on their
oral medications (Figure 1). Patients in the monotherapy
groups received adefovir (10 mg/d), entecavir (0.5 mg/d),
or telbivudine (600 mg/d). Patients in the combination
treatment groups were prescribed adefovir (10 mg/d)
combined with either telbivudine (600 mg/d) or lamivu-
dine (100 mg/d). All of the patients completed their treat-
ment regimen for a minimum duration of two years.
Patients were enrolled when they commenced their
treatments, and the terminal point was defined as two
years after treatment initiation. No adjustments of dos-
age were made during the treatment period, and the pa-
tients presented for re-examination every three months.
No deaths or poor virological responses occurred during
the treatment period.

411 Patients Were Enrolled

75 Patients Excluded:

EGFR (MDRD or CKD-EPI) <50 mL/min (n =19);
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Figure 1. Flow Chart of Study Patient
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All patients in the monotherapy groups received initial
antiviral treatments based on the clinical practice guide-
lines of the European Association for the Study of the Liv-
er (EASL) (1). Patients in the two combination groups had
been taking lamivudine or telbivudine as monotherapy;,
but drug resistance was evidenced by partial virological
response or virological breakthrough. Accordingly, ad-
efovir was added as a second drug in combination with
the first. Partial virological response was defined as a de-
tectable HBV DNA level after at least 6 months of therapy
in compliant patients despite a decrease in HBV DNA of
more than 1 loglo IU/mL. The definition of virological
breakthrough was a confirmed increase in the HBV DNA
level of more than 1logi0 [U/mL from the lowest HBY DNA
level during therapy (1).

A high load of HBV DNA or deposition of HBsAg on
the glomerular basement membrane (GBM) may have
an impact on renal function (15, 16). Therefore, patients
who had never received any treatment were not en-
rolled as a control group, nor were inactive HBsAg carri-
ers enrolled. Lamivudine and telbivudine can effectively
suppress HBV replication (17), and the viral inhibition
may potentially affect renal function. For this reason,
patients receiving monotherapy and those receiving
combination therapy were not grouped together for
comparisons. Patients suffering from kidney diseases,
diabetes, hypertension, HIV, and/or HCV infection were
excluded, as were patients whose baseline eGFR was low-
er than 50 mL/min as such an eGFR level requires a re-
duced dosage of antiviral drugs (1). In addition, Patients
with decompensated cirrhosis were also not included
in our study for they were more prone to hepatorenal
syndrome, which was life-threatening. Decompensated
cirrhosis was determined with comprehensive consid-
eration of clinical signs and symptoms and laboratory
parameters (18).

3.2. Data Collected

All data were collected from the patients’ medical files,
including their age, gender, medication, and the pres-
ence of compensated liver cirrhosis. Compensated liver
cirrhosis was diagnosed through imaging modalities
(color ultrasound, computed tomography, or magnetic
resonance imaging), an instantaneous elasticity scan,
or fibrosis-related blood tests (hyaluronic acid, laminin,
procollagen III, or type IV collagen). Data related to HBV
infection were collected from the patients’ return visits
and included HBV serological markers, HBV DNA, and
HBV drug-resistant loci. Biochemical markers included
serum alanine aminotransferase (ALT), SCr, and CK. The
CKlevel in the telbivudine monotherapy group was mea-
sured every six months and checked for abnormality by
an appropriate criterion (CK> 191 U/L for males and CK>
171 U/L for females). As judged by muscle symptoms, myo-
sitis, and rhabdomyolysis, myopathy was not found in
patients treated with telbivudine.
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3.3. Serological and Biochemical Detection

Serum alanine aminotransferase (ALT) levels were
measured using the [FCC method with an autoanalyzer
(Roche cobas® 8000). Values of ALT > 41 UJL and > 40 U[L
in male and female patients, respectively, were regarded
as elevated. Serum creatinine was detected using Roche
COBAS C501 automatic biochemical analyzer and its nor-
mal range was 59 ~ 104 umol/L. Serum levels of HBV DNA
were quantified using a real-time PCR assay with a Roche
LightCycler® 480 analyzer; the lower detection limit was
500 copies/mL.

3.4. Assessment of Renal Function

The SCr level is detected on routine blood testing, but
GFR (which is clinically difficult to directly measure) is a
more sensitive and informative marker of renal function
(19). Therefore, the following SCr-based formulas were
used to estimate GFR:

1) the abbreviated Modification of diet in renal disease
(aMDRD) equation for eGFR was the following (19):

EGFR (mL/min/1.73 m?) = 175 x creatinine (mg/dL154 x
age0-203 x 0.742 (if female)

2) the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) equations were the following (20):

For females with creatinine levels < 0.7 mg/dL, eGFR =
144 x (creatinine/0.7)0-329 x (0.993) 3&¢;

For females with creatinine levels > 0.7 mg/dL, eGFR =
144 x (creatinine/0.7)1299 x (0.993) 38¢;

For males with creatinine levels < 0.9 mg/dL, eGFR=141
x (creatinine/0.9) 041 x (0.993) 38¢;

For males with creatinine levels > 0.9 mg/dL, eGFR =141
x (creatinine/0.9)1299 x (0.993) 38¢.

According to kidney-related guidelines, patients are cat-
egorized as having either normal renal function (eGFR >
90 mL/min) or slightly impaired renal function (eGFR >
60 but less than 90 mL/min) (19). However, in this study
of chronic hepatitis B, renal function was considered
slightly impaired when the eGFR was = 50 but less than
90 mL/min. A value of 50 mL/min was determined to be
the cut-off value because patients receiving long-term an-
tiviral treatment need an adjustment of their drug dos-
age when the creatinine clearance is below 50 mL/min (1).

3.5. Statistical Methods

Normally distributed continuous variables were rep-
resented by means + standard deviations and evaluated
using t test or analysis of variance method. Continuous
variables that were not normally distributed were evalu-
ated using Mann-Whitney U-test or Wilcoxon one-sample
test. Categorical variables were reported as percentages
and assessed using the chi-square of Fisher’s exact test.

Two linear mixed effects models for the monotherapy
and combination therapy groups were established to ana-
lyze the predictive factors of eGFR changes over time. Fixed
effects in these two models included baseline eGFR, age,



Jiang Let al.

gender, presence of compensated liver cirrhosis, medica-
tion, hepatitis B e antigen (HBeAg) state, and drug-time
interaction. Random effects were individual differences.
Model parameters were estimated using the restricted
maximum likelihood method of holistically comparing
the likelihood ratio statistics (-2 Log Likelihood), Akaike’s
Information Criterion (AIC), and Schwarz’s Bayesian Crite-
rion (BIC) in different covariance structures. The unstruc-
tured covariance matrix (UN) was used in these models.

The last observation carried forward method was used
for data missing due to dropouts in this longitudinal
clinical study. All statistical analyses were conducted
using the SPSS 22.0 software. A P value less than 0.05 on
both sides indicated statistical significance.

3.6. Ethical Approval

This single-center study was approved by the Ethics
Committee of Tongji Hospital (Code: TJ-C20110411; Date:
28/04/2011), Tongji Medical College, Huazhong Univer-

sity of Science and Technology. At the time of their en-
rollment, each patient was informed of the aims of the
study, the methodology, and why they were asked to par-
ticipate. The signed agreements were recorded in the pa-
tient’s medical files.

4. Results

4.1. Clinical Characteristics at Baseline

A total of 336 CHB patients were included in this clini-
cal research. They were divided into three monotherapy
groups and two combination therapy groups according
to the drugs they were taking. As shown in Table 1, the
three monotherapy groups did not significantly differ in
age, gender, baseline HBeAg, compensated liver cirrho-
sis, baseline SCr, baseline eGFR, and eGFR classification.
As shown in Table 2, the two combination therapy groups
also did not show significant differences in these base-
line characteristics.

Table 1. Baseline Conditions of the Patients in the Monotherapy Groups?

Characteristic Adefovir Entecavir Telbivudine P Value
Patients, n 44 66 122
Age,y 39.27t11.14 40.65+10.89 38.34 +11.13 392
Male 34(77.27) 53(80.30) 86(70.49) 304
HBeAg-positive 24 (54.55) 45(68.18) 72 (59.02) 302
Compensated cirrhosis 12 (27.27) 18 (27.27) 34 (27.87) .995
SCr, median(IQR), pmol/L 70.50 (19.75 ) 71.50 (18.00) 69.50 (22.50) 740
€GFR (aMDRD), median(IQR), mL/min 105.02 (29.55) 103.04 (22.70) 105.91(22.53) 728
eGFR categories, .834
>90 mL/min 36(81.82) 53(80.30) 95(77.87)

50-90 mL/min 8(18.18) 13 (19.70) 27(22.13)

dData are presented as mean + SD or No.(%).
Table 2. Baseline Conditions of the Patients in the Combination Therapy Groupsa'b

Characteristic Adefovir + Telbivudine Adefovir + Lamivudine P Value
Patients, n 46 58
Age,y 37.48 £14.02 40.19+£12.43 232
Male gender 29(63.04) 45(77.59) 354
HBeAg-positive 29(63.04) 31(53.45) 325
Compensated cirrhosis 10 (21.74) 19 (32.76) 213
Baseline

SCr, median(IQR), ymol/L 66.00 (14.50) 71.00 (20.00) 307

eGFR, median(IQR), mL/min 97.45 (35.12) 101.04 (37.45) .922
eGFR categories, n(%) .531

>90 mL/min 33(71.74) 38(65.52)
50-90 mL/min 13(28.26) 20 (34.48)

Abbreviations: eGFR, estimated glomerular filtration rate; HBeAg, hepatitis B e antigen.

9Data are presented as mean + SD or No.(%).
The eGFR values were calculated using the aMDRD formula.

Hepat Mon. 2016;16(1):e32528
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4.2. The eGFR Changes From Baseline to Year 2 in
the Five Treatment Groups (Based on the aMDRD
Formula)

Regarding the three monotherapy groups, the telbivu-
dine group exhibited an eGFR increase of 5.14 mL/min (P
< 0.001), whereas the eGFR in the adefovir and entecavir
groups decreased by 5.78 mL/min and 3.89 mL/min (P =
0.001), respectively, from baseline to year 2. Regarding
the two combination therapy groups, the adefovir plus
telbivudine group exhibited an eGFR increase of 6.19 mL/
min (P=0.005) and the eGFR in the adefovir plus lamivu-
dine group decreased by 4.69 mL/min (P = 0.003) during
the 2-year therapy period. The results were the same re-
gardless of whether the CKD-EPI or aMDRD equation was
used for eGFR, thus indicating that telbivudine improves
renal function regardless of whether it is used as mono-
therapy or combination therapy. Furthermore, groups
lacking telbivudine suffered decreased renal function
(Figure 2).

Inter-group comparisons indicated that the renal func-
tion changes in the telbivudine group were significantly
different (P < 0.001) from those in the other two mono-
therapy groups. Furthermore, the eGFR decreases in the
adefovir and entecavir groups were comparable (5.78 +
10.35 vs. 3.89 + 8.87, P = 0.307), and the eGFR changes in
the adefovir plus telbivudine group were significantly dif-
ferent from those in the adefovir plus lamivudine group
(+6.19 £14.31vs.-4.69 +11.34, P < 0.001) (Figure 2).

4.3. The eGFR Changes from Baseline to Year 2 in
Special Populations (Baseline eGFR of 50 - 90 mL/
min, Compensated Liver Cirrhosis, and > 50 Years
Old; Based on the aMDRD Formula)

Patients who suffer from compensated liver cirrhosis
or are aged 50 years or more are at a high risk of re-
nal insufficiency. The analysis of these two subgroups
in each monotherapy group indicated that the use of
telbivudine significantly improves renal function. Spe-
cifically, the eGFR values of the patients suffering from
compensated liver cirrhosis (n = 34) and those of the
patients aged 50 years or more (n=17) increased by 6.38
+9.79 mL/min (P = 0.001) and 6.74 + 7.02 mL/min (P =
0.001), respectively, in the telbivudine group (Figure
3). The analysis of the same subgroups undergoing the
two combination therapy drug regimens indicated that
the eGFR values of the patients suffering from compen-
sated liver cirrhosis (n =10) and of the patients aged 50
years or more (n = 10) in the adefovir plus telbivudine
group remarkably increased by 18.31£14.02 mL/min (P =
0.003) and 14.73 £ 8.28 mL/min (P = 0.001), respectively
(Figure 3). These results indicate that the renal function
of the patients at high renal risk significantly improved
after taking telbivudine. The subgroup analysis of the
patients with baseline eGFR values of 50 - 90 mL/min as-
signed to each of the five drug regimens indicated that

Hepat Mon. 2016;16(1):e32528

the eGFR values of the patients (n = 27) in the telbivu-
dine monotherapy group and of the patients (n=13) in
the telbivudine combination therapy group increased
by 10.82 £ 7.89 mL/min (P < 0.001) and 16.59 + 12.78 mL/
min (P = 0.001), respectively, from the baseline values.
Therefore, telbivudine significantly improves the re-
nal function of patients whose initial renal function is
slightly impaired (greater than or equal to 50 but less
than 90 mL/min).

Figure 2. Changes in Renal Function in the Five Treatment Groups Over
2 Years

>

Serum Creatinine Change
(umol/L) From Baseline

Time (month)

==

10.0 =

b
=]
1

Baseline (CKD-EPI)
o
o
1

eGFR Change (mL/min) From

0 6 12 18 24
Time (month)

@

10.04

b
=]
!

Baseline (CKD-EPI)
o
)
1

eGFR Change (mL/min) From

-5.0 =4

T T 1
0 6 12 18 24

Time (month)

—e— Adefovir Entecsvir —— Telbivudine

—— Adefovir + Telbivudine —— Adefovir + Lamivudine

As assessed by: A, SCr; B, eGFR calculated by the CKD-EPI formula; and C,
eGFR calculated by the aMDRD formula.




Jiang Let al.

Figure 3. Changes in eGFR at Month 24 Compared With the Baseline
Values in the Different Subgroups

Figure 4. Shift Table of the eGFR Values (aMDRD method) From Baseline
to Year 2 in the Five Groups
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4.4. Changes in the eGFR Stratification of Patients
Assigned to the Five Drug Regimens Before and Af-
ter the 2-year Treatment Period (Based on the aM-
DRD Equation)

The aMDRD formula was selected instead of the CKD-EPI
formula because the former better reflects the renal
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The P values were calculated using the chi-square test and Fisher’s exact
test for the monotherapy group and combination treatment group, re-
spectively.

function of patients with low eGFR values. The patients
in each drug group were classified into two subgroups
based on their baseline eGFR values, namely, those with
values of 50 -90 mL/min and =90 mL/min. The subanal-
ysis of the patients with a baseline eGFR of 50 - 90 mL|
min demonstrated that 74.07% of the patients (20 of 27)
receiving telbivudine exhibited an improvement in eGFR
values to > 90 mL/min after 24 months of treatment. In
comparison, only 25.00% (2 of 8) of the patients in the ad-
efovir group and only 15.38% (2 of 13) of the patients in the
entecavir group exhibited this improvement (Figure 4).
The same subanalysis of the patients in the two combi-
nation groups indicated that the percentage of patients
with renal function improvement was 69.23% (9 of 13)
in the adefovir plus telbivudine group but only 25.00%
(5 of 20) in the adefovir plus lamivudine group. Among
the patients with baseline eGFR values of > 90 mL/min,
94.74% of the patients (90 of 95) in the telbivudine group,
80.56% (29 of 36) of the patients in the adefovir group,
and 86.79% (46 of 53) of the patients in the entecavir
group maintained stable renal function (eGFR > 90 mlL/
min) after 24 months of treatment. Similarly, the percent-
age of patients retaining stable renal function in the ad-
efovir plus telbivudine group was 96.97% (32 of 33), which
was significantly higher than the percentage (78.95%, 30
of 38) in the other drug combination group. The eGFR
values demonstrate that both telbivudine monotherapy
and combination therapy with adefovir plus telbivudine
therapy are beneficial to renal function.

Hepat Mon. 2016;16(1):e32528
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Table 3. Predictors of eGFR (aMDRD) Change From Baseline in the Monotherapy Groups?

Effect Estimate Standard Error PValue
Gender (male vs. female) -1.64 0.61 0.008
Age -0.08 0.03 0.005
Baseline eGFR -0.16 0.02 <0.001
HBeAg (negative vs. positive) -0.34 0.53 0.527
Compensated cirrhosis 0.40 0.60 0.507
Telbivudine 6.41 1.02 <0.001
Entecavir 1.54 113 0.174
9The adefovir group was set as the control group in the linear mixed effects model.
Table 4. Predictors of eGFR (aMDRD) Change From Baseline in the Combination Therapy Groups®

Effect Estimate Standard Error P Value
Gender (male vs. female) 3.65 1.07 0.001
Age -0.18 0.06 0.003
Baseline eGFR -0.28 0.04 <0.001
HBeAg (negative vs. positive) 034 1.07 0.750
Compensated cirrhosis -0.23 1.28 0.861
Adefovir + telbivuadine 5.78 119 <0.001

The adefovir + lamivudine group was set as the control group in the linear mixed effects model.

4.5. Predictive Factors Related to Significant eGFR
Changes

In the linear mixed effects model for the three mono-
therapy groups, medication, age, gender, and baseline
eGFR were significant predictors of eGFR changes over
time (Table 3). As the strongest factor in predicting eGFR
changes (P < 0.001), telbivudine improved renal function
compared with the control drug (adefovir). The benefit
of telbivudine was more evident in women than in men
(P=0.008), and the baseline eGFR values were negatively
correlated with eGFR changes (P < 0.001). In the linear
mixed effects model for the two combination groups,
these four variables (medication, age, gender, and base-
line eGFR) were also capable of predicting eGFR changes
over time (Table 4). The adefovir plus telbivudine group
exhibited an eGFR increase compared with the control
level (adefovir plus lamivudine). Therefore, telbivudine
is renoprotective when used in both monotherapy and
combination therapy.

4.6. Relationships Between CK Increase and eGFR
Improvement

Patients in the telbivudine monotherapy group were
divided into five subgroups based on the documented
times of CK abnormality during the 2-year treatment pe-
riod. The eGFR changes from the baseline values to the
values at month 24 among these five subgroups were

Hepat Mon. 2016;16(1):e32528

analyzed through one-way analysis of variance, and no
significant differences were found (P = 0.992). Thus, the
renoprotective action of telbivudine does not correlate
with the abnormal CK levels.

5. Discussion

Several studies demonstrated that adefovir impairs re-
nal function during the treatment of HBV infection (5,
6, 21). It has been recently reported that telbivudine im-
proves renal function (10), but patients who encounter
HBV resistance to lamivudine or telbivudine are required
to add adefovir to their drug regimens. The effects of the
combination therapies on renal function are thus impor-
tantissues. Our study reveals that both monotherapy and
combination therapy with telbivudine improve renal
function during the treatment of HBV infection. More-
over, the eGFR improvement during telbivudine mono-
therapy is not correlated with abnormal CK levels.

Although some of our results are consistent with previ-
ous findings, we have employed a completely different
method of analysis. It is noteworthy that previous expo-
sure to lamivudine or telbivudine may exert a long-term
influence on renal function, which was taken into con-
sideration in our study. We included a telbivudine group
within the patient group undergoing monotherapy
regimens, and we included an adefovir-plus-telbivudine
group within the patient group receiving the combina-
tion treatment regimens. In both the monotherapy and
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combination regimen groups, telbivudine proved to
be accompanied by a strong eGFR increase. We further
found that eGFR changes did not correlate with CKabnor-
malities during telbivudine monotherapy. This observa-
tion is consistent with the previous findings of the GLOBE
study (17), but our conclusion is based on a different
methodology. The CK values of patients were recorded at
5 time points during two years of monotherapy with tel-
bivudine, and the numbers of incidents of CK elevations
in each patient were subsequently calculated. According
to these incidences (0, 1, 2, 3, and 4), the patients in the
telbivudine monotherapy group were divided into five
groups, and the eGFR changes in the five groups were
compared.

The patients in each group were divided into two sub-
groups, namely, those with an eGFR > 90 and those with
an eGFR between 50 and 90 mL/min. In the case of telbi-
vudine monotherapy and combination therapy, 74.07%
and 69.23%, respectively, of the patients with baseline
eGFR values that were between 50 and 90 mL/min exhib-
ited improved values of > 90 mL/min after 24 months
of treatment. These findings further demonstrate the
powerful renoprotective effect of telbivudine. Mild renal
impairment is defined as an eGFR value that is at least
60 but less than 90 mL/min. However, patients receiv-
ing nucleos(t)ide analogue therapies for CHB require
adjusted doses and/or intervals of antiviral drugs when
their eGFR value is less than 50 mL/min, according to the
EASL Clinical Practice Guidelines (1). A critical value of 50
mL/min is therefore appropriate in the study of the renal
function of patients with CHB.

Patients with eGFR values between 50 and 90 mL/min
are at great risk for progressive renal dysfunction (or
end-stage renal disease) (22). Compensated liver cirrhosis
and an age > 50 years are also risk factors for kidney dis-
ease. The renal safety of these three subpopulations dur-
ing long-time antiviral treatment is an important issue.
Therefore, we examined the eGFR changes from baseline
to month 24 in these three subpopulations for each treat-
ment regimen. We found that these three subpopula-
tions had the best eGFR increases when they were treated
with telbivudine or adefovir plus telbivudine. Telbivu-
dine administered as either monotherapy or combina-
tion therapy is an effective treatment option for patients
with these renal risk factors. However, further study is re-
quired to determine whether telbivudine is renoprotec-
tive in patients with decompensated hepatic cirrhosis or
other advanced liver diseases.

It is noteworthy that despite the nephrotoxicity of
adefovir, combination therapy with adefovir and telbi-
vudine elicits a greater eGFR increase than telbivudine
monotherapy. Both adefovir and telbivudine are me-
tabolized by the kidneys, but the renal effects differ. Tel-
bivudine may be beneficial to renal function through
the reduction of serum angiotensin-converting enzyme
(ACE) levels (23), whereas adefovir-induced nephrotoxic-
ity is mediated by the depletion of mitochondrial DNA

(mtDNA) in proximal tubular cells through the inhibi-
tion of mtDNA replication (24). The renoprotective effect
of the adefovir plus telbivudine combination resulting
from the decrease in serum ACE induced by telbivudine
is perhaps more significant in the existence of adefovir-
induced mtDNA inhibition. The observed eGFR improve-
ments in the three subpopulations at high renal risk dur-
ing telbivudine treatment and the eGFR increases found
in patients receiving telbivudine plus adefovir therapy
indicate that telbivudine therapy is accompanied by sig-
nificant eGFR elevations in patients at high renal risk (in-
cluding the risk of nephrotoxicity from adefovir).

Entecavir monotherapy is also accompanied by a re-
duction of serum ACE levels (23); however, we found that
entecavir monotherapy decreases renal function to a
small extent. There may be unrecognized mechanisms by
which entecavir impairs renal function. Treatment with
the adefovir plus lamivudine combination also causes
eGFR to decline, in accordance with previous studies (7,
25). Apparently, lamivudine, unlike telbivudine, cannot
overcome adefovir-induced nephrotoxicity. Nevertheless,
patients diagnosed with HBV-GN show improvement in
their renal function after taking antiviral drugs such as
lamivudine and entecavir (16, 26). In these patients, the
benefit of the medication in preventing virus-induced
severe renal impairment is greater than the slight renal
toxicity caused by the drug itself.

In addition, the factors influencing the eGFR changes
were analyzed by means of two linear mixed effects mod-
els for both the monotherapy and combination therapy
groups. Both models indicated that age, female gender,
and medication are significant factors for predicting
eGFR increases. Both telbivudine monotherapy and com-
bination treatment are the strongest predictors of eGFR
increases. In contrast, the baseline eGFR is negatively cor-
related with the 2-year eGFR changes, indicating that pa-
tients with lower baseline eGFR levels are more prone to
eGFR increases.

Although our study has some drawbacks: small sample
size, short follow-up time, not taking into account the
clinical efficacy of the antiviral drug. It still confirms the
positive effect of telbivudine on the renal function of CHB
patients. The benefit is particularly evident when telbi-
vudine is combined with adefovir, which is nephrotoxic
when used alone. The benefit is also evident in patients
who are at a high risk of renal disease for reasons such
as compensated liver cirrhosis or an age of more than
50 years. Furthermore, the benefit is evident in patients
with initial renal impairment (eGFR of at least 50 but less
than 90 mL/min). The findings provide significant guid-
ance for clinical medication decisions. It is reported that
the serum ACE levels in CHB patients treated with telbi-
vudine decrease from their baseline values and that the
ACE levels are negatively correlated with the eGFR values.
These observations may partially explain the renoprotec-
tive effect of telbivudine. However, the full mechanism
has not yet been elucidated.

Hepat Mon. 2016;16(1):e32528
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