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ABSTRACT

Introduction: Previous studies have demonstrated that the treatment of
chronic hepatitis B (CHB) infection with adefovir (ADV) can impair
renal function. In contrast, treatment with telbivudine (LdT) improves
renal function in CHB patients. The aim of this study was to evaluate
the renoprotective effect of LdT in CHB patients receiving ADV-based
combination therapy.

Methods: The effects of treatment with ADV + LdT on renal function
were compared to those resulting from treatment with ADV + entecavir
(ETV), ADV + lamivudine (LAM), ADV alone and ETV alone. The
consecutive cohort analysis included 831 CHB patients who received
ADV + LdT, ADV + LAM, ADV + ETV, ADV alone or ETV alone for
96 weeks. Alterations in estimated glomerular filtration rate (eGFR)
were compared between the five groups using a linear mixed-effects
model. HBV DNA levels were also compared between the five groups
during the 96-week period.

Results: Among the five treatment groups, significant improvements in
eGFR were observed in the ADV + LdT and ADV + LAM groups over
time (P<0.001 for each group compared to baseline eGFR). In patients
with a baseline eGFR between 50-90 ml/min, the change in eGFR was
the most significant in the ADV + LdT group (+0.641 ml/min;

P<0.001). Age, gender, baseline eGFR and treatment option were
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significant predictive factors for eGFR changes.

Conclusions: In conclusion, our results suggest that the combination
therapy of LdT and ADV is significantly associated with renoprotective
effects in CHB patients when compared with other ADV-based

combination or single therapies.

Keywords: chronic hepatitis B; renal function; adefovir dipivoxil;
telbivudine

Student number: 2012-22716
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INTRODUCTION

The primary goal of antiviral therapy in patients with chronic hepatitis B
(CHB) infection is to maintain undetectable levels of serum hepatitis B virus
(HBV) DNA (1, 2). To achieve disease remission and/or serological
therapeutic goals, long-term treatment with oral nucleos(t)ide analogues is
required for some patients with CHB virus infection (3). However, 5-year
cumulative resistance rates of 70% were reported for low genetic barrier drugs
in patients treated with LAM (4), and rates of 29% were reported in patients
treated with ADV (5). Four-year cumulative resistance rates were 10% in
patients treated with LdT (6).

In previous studies, antiviral effects of ADV-based combination treatments
such as ADV plus LAM, ADV plus LdT, and ADV plus ETV were well-
elucidated for second-line therapy for patients demonstrating LAM-resistance,
or the primary failure of LAM therapy (7-11). Although combination antiviral
therapy can be an effective rescue therapy, long-term treatment against
resistant HBV is also recommended for patients with chronic HBV infection
or advanced liver disease, as well as for those treated with chronic
immunosuppressive therapy (12). Through the use of this long-term
combination strategy, the number of patients undergoing long-term
combination treatment has increased substantially over the last several
decades (3).

With a higher number of patients undergoing long-term treatment, rare but
serious adverse events such as myopathy, neuropathy, lactic acidosis, and
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renal dysfunction have been reported during post-marketing surveillance (3).
Among these conditions, renal dysfunction is one area of particular clinical
concern. The pattern of renal dysfunction in patients treated with ADV is
characterized by slight increases in serum creatinine with low serum
phosphate levels during one year of treatment with 10 mg of ADV (13);
however, long-term adverse renal effects were not assessed following ADV
therapy lasting more than 1 year. Furthermore, few studies have analyzed
changes in eGFR when ADV treatment was combined with other nucleoside
anti-viral drugs.

Although rare cases of lactic acidosis and Fanconi-like syndrome have been
reported following LAM treatment of patients with HBV and HIV coinfection
(4, 14), dose-adjusted lamivudine treatment is considered safe in patients with
CHB and renal insufficiency (15, 16). The safety of ETV, in terms of renal
insufficiency, has not been well studied. However, until now, there have been
no studies reporting clinically noticeable nephrotoxicity caused by ETV, and
renal toxicity induced by this drug may therefore be negligible (17, 18).
Treatment with the nucleoside thymidine analogue telbivudine (LdT) has been
associated with a significant improvement in renal function, compared to
treatment with LAM and ADV (6, 19-24). Although previous studies have
investigated the effects of individual anti-viral agents on renal function, there
is little safety data available regarding the nephrotoxicity of ADV-based
combination therapy in CHB patients. It may be particularly difficult to
predict changes in the renal function of CHB patients treated with ADV and

LdT because ADV is capable of impairing renal function while LdT improves
2



renal function.

The present study evaluated the treatment efficacy and changes in renal
function following long-term combination therapy consisting of ADV and
other anti-viral drugs including LdT, LAM, and ETV in CHB patients with
LAM resistance. The aim of the study was to determine if
nucleoside/nucleotide combination therapy improves renal function and

affects HBV DNA concentrations.



MATERIALS AND METHODS

1. Study population

This was a retrospective study involving 1,043 consecutive CHB patients
who were treated with ADV, LdT, LAM, ETV or a combination of these
drugs between March 2005 and January 2013. The eligible population was
divided into the following five groups: three ADV-based combination groups
treated with ADV plus LdT, ADV plus LAM, and ADV plus ETV, as well as
groups treated with ADV alone and ETV alone. The ADV-based combination
groups consisted of patients who were prescribed 10 mg of ADV combined
with 1 mg of ETV, 100 mg of LAM, or 600 mg of LdT. Patients in these
groups demonstrated baseline eGFR >50 ml/min.

In patients treated with ADV, ADV plus LdT, and ADV plus LAM, they
received LAM therapy as the former treatment. All patients showed LAM-
resistance. In patients treated with ADV and ETV, the previous treatment was
sequential LAM and ETV therapy. They were enrolled when ADV was added
to ETV therapy for partial virological response or viral breakthrough in spite
of ETV therapy. The definition of partial virological response was a decrease
in serum HBV DNA of more than 1 log;oIU/mL but detectable HBV DNA
after at least 6 months of therapy (3). The definition of virological
breakthrough was an increase in serum HBV DNA levels of more than 1
log;olU/mL from the nadir in a patient who had an initial virological response

3).



The patients treated with ETV were defined as the control group, which
consisted of patients who were treatment-naive and initially treated with ETV
and had baseline eGFR >50 ml/min (Fig. 1). Patients who were not treated
with any anti-HBV therapy were not chosen for the control group because
HBV-associated glomerulonephritis and/or vasculitis can be aggravated by
high levels of HBV DNA (25, 26).

Patients who had a history of ADV treatment and/or impaired renal
function of a baseline eGFR <50 ml/min were excluded. CHB patients co-
infected with HIV and/or HCV were also excluded. The cut-off eGFR value
of 50 ml/min was chosen because dose and/or interval adjustments are
required for patients with eGFR <50 ml/min. In this study, the eGFR Gray
zone was defined as eGFR values between 50 and 90 ml/min.

The date of entry was determined by the date at which treatment was
initiated, and the date of exit was defined by the termination of either the
treatment or the study. This study was approved by the Seoul National

University Hospital Institutional Review Board.

2. Evaluation of renal function

We used the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation to calculate eGFR. This equation was recently validated
and is considered more accurate than the Modification of Diet in Renal
Disease (MDRD) study equation in patients without renal impairment (27).
The CKD-EPI formula was as follows: for females with creatinine levels <0.7

mg/dl: eGFR = 144 x (creatinine/0.7) exp — 0.329 x (0.993) exp age; for
5



females with creatinine levels >0.7 mg/dl: eGFR = 144 x (creatinine /0.7) exp
—1.209 x (0.993) exp age; for males with creatinine levels <0.9 mg/dl: eGFR
= 141 x (creatinine/0.9) exp — 0.411 x (0.993) exp age; for males with
creatinine levels >0.9 mg/dl: eGFR = 141 x (creatinine/0.9) exp — 1.209 x

(0.993) exp age.

3. Statistical Analyses

To assess the differences in demographic and clinical variables
among the five treatment groups, the y’-test or Fisher’s exact test for
categorical variables was applied. All continuous variables were tested by
one-way analysis of variance (ANOVA) or by the Kruskal-Wallis test with
assumptions of normality. Spearman’s rank correlation test was used to
examine the correlation between the baseline eGFR and logarithm-

transformed serum HBV DNA concentrations.

To evaluate the association between several variables and eGFR
changes over time, we employed a linear mixed-effects model for repeated
measures (28), which uses all available data and provides valid results in the
presence of missing data under the assumption that missing data are missing
at random (29, 30) . The model considered the baseline eGFR, age (in years),
sex, comorbidity of hypertension and diabetes mellitus, treatment group, time,
and group-by-time interaction as fixed effects and incorporated random
effects for individual subjects, such as a random intercept and a random slope

(with respect to time). Because the repeated measures from the same subject
6



are correlated, we also investigated which correlation structure was well
delineated among the responses. The final results were selected based on the
likelihood ratio test (LRT), Akaike information criterion (AIC) (31) and
Bayesian information criterion (BIC) (32). For the correction of multiple

comparisons, the false discovery rate (FDR) method was applied (33).

We divided the dataset into two subsets to investigate the changes in
eGFR based on treatment options and baseline renal functions. One patient
group had baseline eGFR >90 ml/min, and the other group had baseline eGFR
values in the Gray Zone (between 50 and 90 ml/min). Identical models were
applied for two subgroup analyses. To compare the changes in eGFR among
the five groups, we included the baseline eGFR as a fixed effect and

considered random effects to account for patient variability in the model.

The five groups were compared for differences in serum HBV DNA
concentrations at each time point using the linear mixed-effects model.
Additionally, the correlation between eGFR changes and serum
concentrations of HBV DNA was examined with the linear mixed-effects

model.

All statistical analyses were performed with SAS version 9.2 (SAS
Institute Inc., NC, USA) and R version 2.15.2 (http://www.r-project.org)

software. P-values less than 0.05 were considered statistically significant.



RESULTS

Baseline patient characteristics

A total of 539 consecutive CHB patients were enrolled and evaluated for 2
years. The treatment groups included patients receiving ADV alone, ADV

plus LdT, ADV plus LAM, and ADV plus ETV. The control group consisted

of 292 consecutive CHB patients prescribed ETV alone for 2 years (Figure. 1).

Baseline characteristics for the five groups are summarized in Table 1.
There were no differences among the five groups in terms of age, sex, or
comorbidity of hypertension and diabetes mellitus. However, the distributions
of eGFR, HBV DNA levels, and hepatitis B e antigen-positive rates were

significantly different among the five groups.

The mean baseline eGFR was highest (80.76+16.49 ml/min) in CHB
patients treated with ADV plus ETV. The mean baseline eGFR was lowest
(68.70+13.58 ml/min) in patients prescribed ADV alone. The baseline median
logarithm-transformed serum HBV DNA level was highest (5.35) in the group
treated with ETV, while the lowest median value (3.53) was obtained from
patients treated with ADV plus ETV. Of the patients treated with ADV plus
ETV, 62.55% were positive for hepatitis B e antigen, while 40.85% of the

patients treated with ETV alone were positive.



Enrolled in study
N =1,043

Patients excluded due to
+ MDRD eGFR <50 ml/min (N = 31)
+ CKD-EPI eGFR <50 ml/min (N = 28)

Analyzed patients

»| + History of ADV therapy (N =101)

+ De novo ADV plus LAM therapy (N = 21)
+ HCV co-infection (N = 21)

+ HIV co-infection (N = 10)

N =831
Control group ADV-exposed group
N= 292 N= 539
y
ETVsingle ADV +LdT ADV + LAM ADV +ETV ADV single
N =292 N=43 N =297 N =59 N =140

Figure 1. Flow chart of study participants.

Abbreviations: ADV, adefovir; LdT, telbivudine; LAM, lamivudine; ETV,

entecavir
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Table 1. Baseline patient characteristics

ADV + ADV + ADV +

D e DY ADV ETV  Pvalue
Patients (n) 43 297 59 140 292
Ethnicity
. 43 297 . 140 292
Asian 100%)  (100%) >0 190%) 10000 (100%)
5233+ 5140+  53.66+ 5061+ 5276+
Age (year) 11.22 11.88 10.43 10.78 11.26 0.2407
Sex 0.696%*
Female 13 82 19 36 92
(30.23%) (27.61%) (32.20%) (25.71%) (31.51%)
al 30 215 40 104 200
e (69.77%)  (72.39%) (67.80%) (74.29%)  (68.49%)
2 23 9 11 30 .
HTN 4.65%)  (177%) (1525%) (7.86%) (1027%) 308
0 26 6 11 31 o
DM 0.00%)  (8.75%) (10.17%) (7.86%) (10.62%) 161
7714+ 7193+ 8076+ 6870+ 7214+
CKD-EPI 15.61 15.29 16.49 13.58 1449  ~0.001%
Classification <0.001*
>90 1 0 23 12 39
mL/min  (25.58%) (14.14%) (38.98%) (8.57%)  (13.36%)
50—90 32 255 36 128 253
mL/min  (74.42%) (85.86%) (61.02%) (91.43%) (86.64%)
HBV DNA 9140, 70200, 3370, 11816 224500, oo
median, QR 220852 5447045 488904 182041 8599732 O
gﬁf)(HBV 3.96, 4.85, 3.53, 4.07, 535 o 0014
e 10r 317 3.27 3.71 3.49 451
HBeAg- 21 103 30 59 9 0013+
positiverate  (52.50%)  (53.37%) (65.22%) (48.76%) (40.85%)

Values are expressed as mean = SD or # (percentage).
*Chi-square test

**Fisher's exact test

tOne-way ANOVA test

T1Kruskal-Wallis test
10



IQR, interquartile range
Abbreviations: ADV, adefovir; DM, diabetes mellitus; ETV, entecavir; HTN,

hypertension; LAM, lamivudine; LdT, telbivudine

Changes in renal function during ADV-based combination therapy

for CHB

The changes in eGFR over time were evaluated using the linear mixed-
effect model and the CKD-EPI formula for eGFR (Figure. 2A). The estimated
mean changes in eGFR per month were as follows: +0.557 ml/min for the
ADV plus LdT group, +0.148 ml/min for the ADV plus LAM group, +0.203
ml/min for the ADV plus ETV group, —0.046 ml/min for ADV alone and
—0.020 ml/min for ETV alone (Figure. 2A). A steady increase in eGFR from
baseline was observed in the ADV plus LdT (P<0.001) and ADV plus LAM
(P<0.001) groups. However, in the groups treated with ADV plus ETV, ADV
alone or ETV alone, eGFR did not change significantly over time. When the
groups were compared, eGFR changed more significantly in the ADV plus
LdT group than in the ADV plus LAM group, after adjusting for multiple

comparisons with the false discovery rate (FDR) correction (P=0.015).

We divided the patients into two groups to investigate the changes in
eGFR according to renal function. One patient group had baseline eGFR

greater than or equal to 90 ml/min, and the other group had baseline eGFR in

11



the Gray Zome (eGFR >50 and lower than 90 ml/min). In patients with
baseline eGFR >90 ml/min, the estimated mean changes in eGFR over time

were not statistically significant for any treatment group (Figure. 2B)

(P=0.855).

In patients with baseline eGFR in the Gray Zomne, eGFR changed
significantly over time in the ADV plus LdT and the ADV plus LAM groups.
The estimated mean changes in the patients with Gray Zone baseline eGFR
were as follows: +0.641 ml/min per month in the ADV plus LdT group
(P<0.001) and +0.165 ml/min per month in the ADV plus LAM group
(P<0.001) (Figure. 2C). Among the three remaining groups, the estimated
mean changes in eGFR per month were not statistically significant and were
as follows: +0.172 ml/min in the ADV plus ETV group (P= 0.134), —0.065
ml/min in the ADV group (P=0.162), and no change in the ETV alone group
(P=0.993). When the eGFR changes were compared between the groups, the
ADV plus LdT group showed significantly higher (P<0.001) eGFR changes
compared to the other four treatment groups (ADV plus LAM, ADV plus
ETV, ADV alone, and ETV alone). The eGFR change was also significantly
higher in the ADV plus LAM group compared to the ADV plus ETV, ADV
alone, and ETV alone groups (P<0.001). However, the eGFR changes were
not significantly different between the ADV plus ETV group and the groups

treated with either ADV or ETV alone.
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(B)

CKD-EPI change (mL/min/1.73m?)

CKD-EPI change (mL/min/1.73m*)

Adefovir+Telbivudine
Adefovir+Lamivudine
Adefovir+Entecavir
Adefovir single
Entecavir single
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Adefovir single
20 Entecavir single
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©
CKD-EPI: 50 - 89 mL/min/1.73m?

30
Adefovir+Telbivudine

------- Adefovir+Lamivudine

------ Adefovir+Entecavir

—=—=—-=-  Adefovir single

20 1 ——  Entecavir single

CKD-EPI change (mL/min/1.73m*)
o
1

-20 -

-30

Time (Month)

Figure 2. Changes in the renal function of the treatment groups were

assessed over the course of 2 years by the following criteria.

(A) Estimated glomerular filtration rate (eGFR) as calculated by the CKD-EPI
formula. The patients were divided into two groups according to baseline
eGFR for subgroup analysis. (B) Changes in eGFR over time using the CKD-
EPI formula in patients with baseline eGFR >90 ml/min. (C) Changes in
baseline eGFR between 50 and 90 ml/min. The mean changes in the five
treatment groups were estimated using the linear mixed-effects model for
repeated measures at each time point. P values below 0.05 are indicated by
asterisks. The eGFR changes over time in the ADV plus LdT and ADV plus
LAM groups were significantly different from each other and from the other
groups.
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Predictors for significant eGFR change

In the linear mixed-effect model, age, gender, baseline eGFR, and
prescribed antiviral therapy were significant predictors for eGFR changes
over time (Table 2). Among these variables, the baseline eGFR was most
capable of predicting eGFR decreases in CHB patients (estimated value of
0.743, P<0.001). Among the five treatment options, the ADV plus LdT
therapy caused the greatest improvement in renal function in terms of eGFR
over time in the linear mixed-effect model (estimated value of 0.557,
P<0.001). Treatment with ADV plus LAM was also observed to be a
significant predictor for positive eGFR changes, resulting in estimated eGFR
values that were 25% lower than those predicted following treatment with
ADV plus LdT. In contrast, treatment with ADV alone or ETV alone
negatively influenced eGFR over time, although this was not statistically

significant (estimated values of —0.046 and —0.020, respectively).

The MDRD equation resulted in higher individual eGFR wvalues in
patients with normal renal function when compared to values obtained with
the CKD-EPI formula. When eGFR values were calculated by the MDRD
rather than the CKD-EPI equation, the slope of the change over time was
different, but the general pattern of the results remained the same (data not

shown).
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Table 2. Predictors of CKD-EPI eGFR decrease from baseline

Estimate Standard Error P value*

Age -0.147 0.024 <0.001
Sex

(Female vs. Male) 5.992 0.759 <0.001
Hypertension -0.156 0.770 0.840
Diabetes mellitus 0.678 0.737 0.358
Baseline CKD-EPI 0.743 0.023 <0.001
ADV plus LdT 0.557 0.133 <0.001
ADV plus LAM 0.148 0.038 <0.001
ADV plus ETV 0.203 0.118 0.086
ADV alone -0.046 0.045 0.309
ETYV alone -0.020 0.034 0.553

* Results from the linear mixed-effects model for repeated measures
Abbreviations: ADV, adefovir; LdT, telbivudine; LAM, lamivudine; ETYV,

entecavir

Virologic Response

The median changes in serum concentrations of HBV DNA over 24
months in the five groups are shown in Figure 3. HBV DNA concentrations at
baseline were highest in the ETV alone group among five treatment groups.
HBV DNA concentrations in the ETV alone group at 24 months were
significantly lower than those in the other four groups (P<0.001). The change
in serum concentrations of HBV DNA over time were not significantly
different between the ADV plus LdT, ADV plus LAM, ADV plus ETV, and

ADYV alone groups.

16



We evaluated the possibility that a reduction in HBV DNA levels
could be associated with improved eGFR in the ADV plus LdT group. The
eGFR change over time was not significantly associated with the changes in
serum concentrations of HBV DNA in the ADV plus LdT group when the
baseline levels of serum HBV DNA and baseline eGFR were compared with

those at each time point (Figure. 4).

Adefovir+Telbivudine
........ Adefovir+Lamivudine
...... Adefovir+Entecavir
- Adefovir single
Entecavir single

log10(HBV DNA): Median

10910(HBV DNA = 2000)

Time (Month)

Figure 3. Changes in serum concentrations of HBV DNA over 24 months in

five treatment groups with CHB refractory to LAM.
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Adefovir+Telbivudine
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Baseline 6 Months 12Months 18 Months 24 Months

Figure 4. Relationship between changes in the serum HBV DNA levels and
eGFR over time in the ADV plus LdT group. The Pearson correlation
coefficient was calculated. The serum concentrations of HBV DNA and eGFR
of the ADV plus LdT group were compared to baseline values at each time

point.
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DISCUSSION

Combination therapy is now being regarded as one of therapeutic
options for LAM-experienced resistant HBV patients because of higher
efficacy than ADV monotherapy by no cross-resistance between these two
nucleos(t)ide analogues (34). Considering that the primary goal of antiviral
therapy in CHB is to maintain undetectable levels of serum HBV DNA,
indefinite anti-viral therapy might be required to achieve the primary goal.
Therefore, adverse effect in long-term use of combination therapy became to
be one of important issues to make an optimal strategy for CHB treatment in
LAM-resistant patients. Nephrotoxicity, one of well-known adverse effects,
has been reported as a warning associated with nucleotide analogues such as
ADYV and tenofovir (35-37). In contrast to this, previous studies reported that
LdT significantly improved renal function in CHB patients (6, 19-24).
However, there has been lack of evidence reported renal dysfunction in CHB
patients with ADV-based combination therapy until now.

A novel, clinically important finding of the present study was that
patients treated with ADV plus LdT showed a significant improvement in
eGFR over 2 years. While ADV treatment is known to cause nephrotoxicity,
LdT treatment showed a strong renoprotective effect, with an estimated
protective effect that was 4 times greater than that of LAM (Table 2).
However, ETV did not affect renal function when combined with ADV.
When LdT, LAM, or ETV was combined with ADV, LdT improved renal

function the most effectively.

19



The eGFR Gray Zone has important clinical implications for the
safety of CHB patients receiving long-term combination therapies. Renal
function is an important safety issue in patients with advanced liver diseases,
especially in those with decompensated HBV cirrhosis, as renal dysfunction is
associated with high mortality (38). In this study, the baseline eGFR was a
better predictive factor of decreasing eGFR than age, sex, or existence of the
comorbidities hypertension and diabetes. In other words, patients with low
baseline eGFR have a higher tendency to develop renal dysfunction than those
with high baseline eGFR. The current study demonstrated that over time, the
combination therapy ADV plus LdT improved the renal function of CHB
patients with eGFR in the Gray zone more than in patients whose eGFR were
>90 ml/min and this treatment option may stop the vicious cycle between low
eGFR and renal dysfunction.

Currently, there are no recommendations for adjusting the dose
and/or treatment interval of antiviral agents for CHB patients with Gray zone
eGFR. In patients with eGFR in the Gray zone, LdT in combination treatment
could provide an effective treatment option. Naturally, the baseline eGFR is
an important predictor of the risk of declining renal function and development
of ESRD (39). The renoprotective effects of LdT should be considered,
particularly for patients with terminal liver function because the baseline pre-
liver transplant eGFR is significantly associated with decreased survival
following transplantation and is a prognostic indicator of post-transplant
chronic kidney disease (40).

We divided the patients into two groups, including those with eGFR
20



>90 and those with eGFR between 50 and 90 ml/min. In this study, we chose
an eGFR cut-off value of 50 ml/min, rather than a cut-off of 60 ml/min
because the lowest eGFR value requiring adjustments in the dose and/or
interval of antiviral drugs is 50 ml/min. In a clinical setting, when antiviral
drugs need to be prescribed, the cut-off value of 60 ml/min, which is
associated with stage 2 chronic kidney disease, is less clinically meaningful
than the 50 ml/min value.

Furthermore, the serum concentrations of HBV DNA did not change
significantly among the five groups, except in the ETV alone group. The
differences in the HBV DNA concentrations between the ETV alone and
other treatment groups could be explained by the fact that the patients in the
ETV alone group received ETV as the first-line therapy, in contrast to those
treated with the second-line therapy against resistant HBV. Based on the
similar antiviral effects among the groups other than the ETV alone group,
ADYV plus LdT should be considered for patients with eGFR in the Gray Zone.

The improvement of renal function in the ADV plus LdT group was
not significantly associated with the control of serum HBV DNA levels,
indicating that the increase in eGFR was influenced by LdT itself rather than
by the control of HBV infection. The eGFR changes observed here following
treatment with the ADV/LAT combination therapy suggest that the
renoprotective effects of LdT could overcome the nephrotoxicity caused by
ADV. As a possible mechanism, Chan et al. suggested that LdT could
increase blood flow, thereby improve tubular dysfunction (21). In terms of

mechanism of drug excretion, ADV has been shown to cause nephrotoxicity
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by inhibiting mitochondrial DNA (mtDNA) replication during the renal
excretion (41). In contrast, the main mechanism of LdT excretion is through
passive diffusion, not result in mtDNA depletion or toxic effects on function
of renal tubule cells (42). Considering the importance of mtDNA in the
maintenance of homeostasis in proximal tubule cells, this difference in the
excretion mechanism could explain the contrasting effects of these drugs on
renal function. However, the specific mechanisms by which LdT exerts its
renoprotective effects when used alone or in combination with other drugs are
unclear and should be clarified in future studies.

Recently, the CKD-EPI formula was introduced for the calculation
of eGFR both in patients with normal kidney function and in those with eGFR
in the Gray Zone. Previous studies have reported that the CKD-EPI formula
was more accurate than the MDRD equation, which was not validated for the
evaluation of changes in individuals with eGFR >60 ml/min (27). The
application of the CKD-EPI formula in the current study demonstrated no
significant changes over time in the five groups with eGFR >90 ml/min.
Neither a renoprotective effect due to treatment with LdT nor nephrotoxicity
due to treatment with ADV were found in CHB patients with normal kidney
function.

In contrast with some previous studies reporting no significant
improvement and/or decrease in eGFR following treatment with ADV plus

LAM (43-45), here we found that eGFR in CHB patients with eGFR between

50 and 90 ml/min improved significantly after treatment with ADV plus LAM.

However, previous studies evaluated kidney function through serum
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creatinine levels and/or eGFR calculated by the MDRD or Cockcroft-Gault
equations rather than the CKD-EPI formula, and these studies were therefore
limited in their ability to reflect real changes in eGFR in CHB patients in the
Gray zone. Furthermore, a previous study of Asian CHB patients reported that
treatment with ADV plus LAM led to an improvement in serum creatinine
levels (46), although the underlying mechanism of this improvement was
unclear.

Current guidelines recommend that ETV or tenofovir disoproxil
fumarate (TDF) should be used for first-line monotherapy in CHB patients (3).
Nephrotoxicity may be a potential concern for HIV patients receiving TDF,
although this problem occurs less frequently in CHB patients treated with
TDF. Considering the risk of nephrotoxicity following TDF treatment and the
renal protective effect of LdT, the efficacy of TDF plus LdT combination
therapy in the patients with multidrug resistant HBV on renal function should
be clarified in future studies (24).

The rather limited number of enrolled patients and the retrospective
design with the short observational period of 2 years may represent limitations
of our study. To overcome these limitations, we used a linear mixed-effect
model. The clear inclusion and exclusion criteria and the use of the CKD-EPI
formula for the assessment of kidney function may counteract the study
limitations. The five groups were not well-matched in terms of baseline
characteristics. To correct for the baseline differences among the five groups,
we treated the baseline patient eGFR as a fixed effect and considered random

effects to account for patient variability in the model. In this study, we did not
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exclude patients treated with potentially nephrotoxic drugs such as
nonsteroidal anti-inflammatory drugs and/or renoprotective drugs such as
angiotensin converting enzyme inhibitors. However, only 14% of the patients
in this study had hypertension. In addition, we sought to include as many
patients as possible, as our primary goal was to identify a general pattern of
drug toxicity in the overall population, rather than to observe eGFR changes
in specific individuals.

In conclusion, over the course of a 2-year observational period, renal
function was significantly improved in CHB patients treated with ADV plus
LdT compared to patients treated with ADV alone, ETV alone or other ADV-
based combination therapies. Patients with renal insufficiency in the Gray
zone in particular benefitted from ADV plus LdT combination therapy. The
underlying mechanisms of telbivudine’s renal protective effects remain to be

investigated.
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