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Abstract

Background: Controversy remains as to whether antiviral agents contribute to renal dysfunction in patients with
chronic hepatitis B virus (HBV) infection. Thus, the aim of study was to analyze the changes in renal function of
chronic hepatitis B (CHB) patients in response to anti-HBV therapy and the association with treatments.

Method: We performed a retrospective observational cohort study to investigate factors associated with renal
function in 249 Chinese CHB patients who were treated with pegylated interferon a-2a (PEG-IFN-a-2a) or nucleos(t)ide
analogues for 48 weeks. Changes of estimated glomerular filtration rate (eGFR), which was computed with both the
Chronic Kidney Disease Epidemiology Collaboration and the Modification of Diet in Renal Disease formulas,
were tested by repeated measures One-way analysis of variance within groups. A linear mixed effects model for repeated
measures was also used to evaluate the association between baseline information and eGFR changes over
time in all enrolled patients. The model considered the baseline age, sex, HBV DNA, aminotransferase, blood
urea nitrogen, treatment group, time, and group-by-time interaction as fixed effects and incorporated random effects
for individual subjects.

Results: The eGFR increased in patients given PEG-IFN-a-2a, decreased in patients given adefovir, but remained stable
in patients given entecavir. Age and blood urea nitrogen were significant negative predictive factors for eGFR changes.

Conclusion: In real-life study, PEG-IFN-a-2a therapy in CHB patients increased eGFR, thus may associate with
renoprotective effects when compared with adefovir or entecavir therapies.
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Background

Chronic hepatitis B (CHB) is one of causes of chronic
renal disease, mainly through deposition of immune
complexes in the kidney [1]. In the area with high hepatitis
B virus (HBV) prevalence, such as many within Asia-
Pacific region, HBV-related membranous nephropathy and
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mesangiocapillary glomerulonephritis are closely correlated
with end-stage renal diseases and renal replacement
therapy [2, 3]. However, the mechanism of these renal
dysfunctions has not been fully elucidated. The
potential confounding factors include elder age, hyper-
tension, diabetes mellitus, human immunodeficiency
virus (HIV) co-infection, end-stage liver diseases, and
nephrotoxic drugs [4].

HBV induced kidney diseases usually improved with
inhibition of viral replication by anti-HBV agents [5]. Well
accepted guidelines [6-8] for the management of HBV
infection have been established in recent years. Thera-
peutic approaches for CHB consist of administration of

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12985-017-0712-x&domain=pdf
mailto:liulinna@fmmu.edu.cn
mailto:lianjq@fmmu.edu.cn
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Zhang et al. Virology Journal (2017) 14:49

interferon-a (IFN-a) or nucleos(t)ide analogues (NUCs).
Five NUCs are currently available, including two nucleo-
tide (adefovir [ADV] and tenofovir [TDF]) and three
nucleoside (lamivudine [LAM], telbivudine [LdT], and
entecavir [ETV]). Renal excretion with unchanged drugs
is the primary route of elimination of NUCs [9]. Thus, all
NUCs exist dose-dependent kidney toxicities by various
mechanisms [10]. ADV treatment has been previously re-
vealed to be associated with the impairment of renal func-
tion [11-13]. Decrease in estimated glomerular filtration
rate (eGFR) was also found in TDF and ETV-treated
patients [14]. In contrast, long-term LdT therapy was
closely related to sustained improvement of renal func-
tion, particularly among patients with high risk of renal
dysfunction, such as decompensated cirrhosis [15] and
combination therapy with ADV [16]. However, contro-
versy remains as to safety profile with findings either an
increase or a decrease in eGFR during long-term and
various classes of antiviral agents in real-life study. Fur-
thermore, few studies focus on the safe renal profile of
IFN-a, especially pegylated interferon a-2a (PEG-IEN-a-
2a) which was recommended as first-line antiviral drugs
by National Institute for Health and Clinical Excellence.
Hence, the aim of this retrospective study was to assess
the renal function and antiviral efficacy under PEG-IFN-
a-2a and/or NUCs therapy in chronic hepatitis B. Known
risk factors were also took into account to analyze the
predictors for significant eGFR change.

Methods

Study design

We screened an integrated database which included
678 consecutive patients with chronic HBV infection
who received PEG-IFN-a-2a (180 pg, subcutaneous
injection weekly), ADV (10 mg, orally once daily),
LdT (600 mg, orally once daily), ETV (0.5 mg, orally
once daily) or combination of PEG-IFN-a-2a and
ETV between December 2005 and March 2013 at a
single unit in Center for Infectious Diseases, Tangdu
Hospital. The enrolled patients met the following
criteria: Diagnoses of CHB according to the standard
of the Chinese National Program for Prevention and
Treatment of Viral Hepatitis; absence of other hepatitis
virus or HIV co-infection; absence of concurrently afflicted
by decompensated liver cirrhosis (including ascites, hepatic
encephalopathy, varicealbleeding, spontaneous bacterial
peritonitis), liver failure, or hepatocellular carcinoma;
absence of hypertension, diabetes mellitus, immunocom-
promised diseases, autoimmune diseases, solid cancer or
leukemia. All patients included in this cohort underwent a
follow-up evaluation every 12 weeks for a total of 48 weeks.
Virological and biochemical assessments were performed
as routine examination at every visit. The study protocol
was approved by the Ethics Committee of Tangdu Hospital
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on May 2015 (Approval No. TDLL-201505-013). The data
were collected on July and August, 2015, and we had access
to information that could identify individual enrolled
subjects during and after data collection.

Virological and biochemical assessment

Serum HBV DNA was quantified by real-time polymerase
chain reaction kit (PG Co Ltd, Shenzhen, Guangdong,
China) with detection limit threshold of 2 logl0O copies/
mL. HBsAg, HBeAg, and anti-HBe was quantified using
the ARCHITECT HBsAg, HBeAg, and anti-HBe reagent
kit (Abbott GmbH & Co. KG, Wiesbaden, Germany),
respectively. Serum biochemical assessments (including
alanine aminotransferase [ALT], aspartate aminotrans-
ferase [AST], bilirubin, albumin, blood urea nitrogen
[BUN], and serum creatinine [Cr]) were measured using
an automatic analyzer (Hitachi 7170A, Hitachi Ltd,
Tokyo, Japan) in Department of Clinical Laboratory
Medicine of Tangdu Hospital.

Evaluation of renal function

The eGFR was estimated by the following formulas
based on Cr. The Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) calculation for eGFR (mL/min/
173 m?) =141 x min(Cr/k, 1)*xmax (Cr/x, 1)?%x
0.993%8¢ x 1.018 (if female). k is 0.7 for female and 0.9 for
male. o is —0.329 for male and —-0.411 for male [17]. The
Modification of Diet in Renal Disease (MDRD) calculation
for eGFR (mL/min/1.73 m?) =186 x Cr'*** x Age»o.zog x
0.742 (if female) [18].

Statistical analysis

The Chi-squared-test, One-way analysis of variance
(ANOVA), or Kruskal-Wallis test was used to assess the
differences in demographic and clinical variables among
groups. All continuous variables were tested by repeated
measures ANOVA. To evaluate the association between
several variables and eGFR changes over time, a linear
mixed effects model for repeated measures was used by
SAS 9.4 with MIXED procedure. The model considered
the baseline age (in years), sex, HBV DNA, ALT, AST,
BUN, treatment group, time and group-by-time inter-
action as fixed effects and incorporated random effects
for individual subjects. All P values are 2-sided, and the
type I error was set as 5%.

Results

Baseline characteristics of enrolled patients

The cohort comprised 249 consecutive CHB patients with
48-week therapy and evaluation. Baseline characteristics for
patients were shown in Table 1. There were no differences
among groups in terms of age and sex. However, the distri-
bution of eGFR, BUN, Cr, ALT, AST, and HBV DNA levels
were remarkably different among groups. There were a
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Table 1 Characteristics of 249 chronic HBV-infected patients treated with pegylated interferon a-2a or nucleos(t)ide analogues

Characteristics ADV ETV LdT PEG-IFN-0-2a PEG-IFN-0-2a P value
(treatment naive) (ETV experienced)
Patients (n) 72 58 53 39 27
Age (year) 28.69 £ 8.09 30.29£8.55 28.62+873 2733 +647 30.11+£9.81 0579°
Male sex [n (%)] 59(81.94%) 48(82.76%) 35(66.04%) 31(79.49%) 22(81.48%) 0.904°
HBV DNA (log10 copies/ml) 740+094 758+ 1.53 787+132 8.17+137 <2 00197
ALT (U/L) 1725+1736 1319+ 1286 176.1 £145.7 162.6+£92.12 31.32+£2632 <0.0001¢
AST (U/L) 9544 +72.68 9769+ 1524 1227 +1338 98.10+55.33 29.25+1092 <0.0001¢
BUN (mmol/L) 445+098 437+1.10 468+ 127 487 +1.16 516+134 0.025°
Cr (mg/dl) 093+0.11 075+0.12 0.74+0.13 0.75+0.11 077+0.13 <0.0001°
CKD-EPI eGFR (mL/min/1.73 m?) 106.3 +£13.99 121.2+1038 1215+ 11.21 123.1+9.64 120.1+£11.50 <0.0001°
MDRD eGFR (mL/min/1.73 m?) 100.00 + 14.68 127.7+£22.13 1264 +£20.96 1274 +20.16 125.1 £22.69 <0.0001°

Values are presented as mean + SD or n (percentage). *One-way ANOVA test. PChi-squared test. < Kruskal-Wallis test

total of 66 enrolled CHB patients with PEG-IFN-a-2a ther-
apy, including 39 of treatment naive patients and 27 of
ETV-experienced patients. ETV experienced patients
received more than 3 years therapy with ETV, and then
switched to PEG-IFN-a-2a therapy. These patients were
demonstrated with undetectable viral replication and
HBeAg negative in the serum, and only four of them suf-
fered with abnormal aminotransferase levels. All other 222
CHB patients were positive for HBeAg and treatment-naive
for NUC:s or IENs. The mean baseline eGFR was highest in
patients with PEG-IFN-a-2a therapy and was lowest in
patients with ADV treatment based on CKD-EPI calcula-
tion. Based on CKD-EPI formula, only seven patients
revealed an eGER less than 90 mL/min/1.73 m? and no pa-
tients showed a baseline eGFR less than 60 mL/min/
1.73 m” Based on MDRD formula, sixteen patients showed
an eGFR less than 90 mL/min/1.73 m? with one patients
with baseline eGFR of 59.58 mL/min/1.73 m”.

Virological, biochemical, and serological responses

The HBV DNA decreased in CHB patients received anti-
HBV therapy. Patients who switched to PEG-IFN-a-2a
therapy demonstrated continuous inhibition of viral repli-
cation during treatment. Furthermore, greater proportions
of patients with ETV (62.1%) and LdT (60.4%) therapy
showed significantly higher virological responses (VR)
compared with naive patients received ADV (25.0%) or
PEG-IFN-a-2a (38.5%) at 48 weeks of therapy (P < 0.0001,
Fig. 1a). At 48 weeks of therapy, a total of 21 patients (14
of ADV, 1 of ETV, and 6 of LdT therapy) revealed viro-
logical breakthrough, which was defined as an increase in
HBV DNA levels to greater than 1 loglO copies/ml from
nadir on at least two consecutive occasions. Direct
sequencing demonstrated genotypic resistance to NUCs
in 15 patients within those who suffered with virological
breakthrough. Four ETV-experienced patients who re-
vealed elevated ALT at baseline achieved biochemical

response (BR) with normal ALT levels at 48 weeks of ther-
apy. BR rates showed similar trends to VR among other
four groups. Both ETV (63.8%) and LdT (75.5%) therapy
revealed remarkable higher BR rates compared with pa-
tients received ADV (36.1%) or PEG-IFN-a-2a (33.3%) at
48 weeks of therapy (P<0.0001, Fig. 1b). Moreover,
greater proportions of patients who received PEG-IFN-«-
2a (17.9%) and LdT (11.3%) therapy showed higher
HBeAg loss rates compared with ADV (2.78%) or ETV
(5.17%) therapy at week 48 (P = 0.027, Fig. 1c). Meanwhile,
Four patients (1 in LdT and 3 in PEG-IFN-a-2a treatment)
revealed HBeAg/anti-HBe seroconversion (Fig. 1d). How-
ever, HBsAg loss was not observed in NUCs-treated
patients. One treatment-naive and four ETV-experienced
patients with PEG-IFN-a-2a therapy demonstrated HBsAg
loss during therapy.

Maintenance of eGFR improvement in PEG-IFN-a-2a
therapy for CHB

Based on the MDRD formula, a total of eighteen patients
(14 receiving ADV therapy and 4 receiving ETV therapy)
demonstrated renal dysfunction after anti-viral therapy.
The changes in renal function (including BUN, Cr, and
eGFR) were evaluated using repeated measures ANOVA
which represented the matched values in different time
points. Results with CKD-EPI and MDRD equations were
comparable for eGFR changes during the 48 weeks of
therapy. There were no significant differences in eGFR
during either ADV or ETV treatment based on CKD-EPI
(Fig. 2a) and MDRD formula (Fig. 2b). As expected, renal
function steadily improved in LdT-treated CHB patients,
and markers for renal function were improved at week 48
for patients with LdT therapy [eGFR (CKD-EPI) changes:
+3.8 mL/min/1.73 m?, P =0.0006, Fig. 2a; eGFR (MDRD)
changes: +11.6 mL/min/1.73 m? P=0.0004, Fig. 2b].
Interestingly, eGFR increased rapidly at week 12 [eGFR
(CKD-EPI) changes: +3.9 mL/min/1.73 m?, P <0.0001,
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Fig. 2a; eGFR (MDRD) changes: +11.9 mL/min/1.73 m?,
P <0.0001, Fig. 2b], and remained in relatively high levels
in all 66 patients (39 of treatment naive and 27 of ETV-
experienced) with PEG-IFN-a-2a therapy. eGFR achieved
1259+ 11.37 mL/min/1.73 m?* (CKD-EPI) and 140.0 +
24.06 mL/min/1.73 m® (MDRD) at the end of PEG-IFN-
a-2a therapy, respectively. Serum Cr revealed similar
improved trends with eGFR changes (Fig. 2c). BUN level
increased with mean changes of +0.85 mmol/L in ADV-
treated patients at week 48 (Fig. 2d).

We further investigated the eGFR changes in treatment
naive and ETV-experienced patients with PEG-IFN-a-2a
therapy. A steady increase in eGFR from baseline was
observed in both subgroups. There was a remarkable
elevation of eGFR at week 12 and continuously improved
[treatment-naive: eGFR (CKD-EPI) changes: +4.9 mL/
min/1.73 m? P<0.0001, Fig. 3a; eGFR (MDRD)
changes: +16.9 mL/min/1.73 m? P<0.0001, Fig. 3b.
ETV-experienced: eGFR (CKD-EPI) changes: +2.7 mL/
min/1.73 m?, P = 0.005, Fig. 3a; eGFR (MDRD) changes:
+8.8 mL/min/1.73 m? P =0.0059, Fig. 3b]. Moreover,
there were no differences in eGFR levels in each obser-
vation points in these two subgroups (P > 0.05).

Predictors of significant eGFR change

We entered all variables, including treatment group time
and group-by-time interaction as fixed effects and incor-
porated random effects in the linear mixed model
accounting for repeated measures. Previous studies have
been demonstrated that LdT therapy was associated with
the improvement of renal function in CHB patients [15,
16, 19-22]. Furthermore, repeated measures ANOVA
also showed an increased eGFR in LdT-treated patients
in our study. Thus, LdT therapy was set as reference in
this model. Results with CKD-EPI and MDRD equations
were also comparable for the predictors of eGFR
changes. We found that age, BUN, and ADV administration
were significant predictors for decrease eGFR over time
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(Table 2). Among these variables, ADV administration was
most capable of predicting eGFR decreases in CHB
patients [estimated value of -14.522 (CKD-EPI) or
-27.352 (MDRD), P <0.0001]. Interestingly, treatment
with PEG-IFN-a-2a in treatment-naive patients was
observed to be positively influenced eGFR values over
time with statistically significant [estimated value of
2.766 (CKD-EPI) or 7.365 (MDRD), P=0.035 and
=0.036, respectively]. Furthermore, The changes of
eGFR over time was not significantly associated with the
reduction in both HBV DNA and aminotransferase.

Discussion

HBV replication was directly associated with chronic
pathological injury in kidney since HBV DNA could
be detected in renal tubular cells of HBV related
glomerulonephritis [23]. Thus, chronic hepatitis B in-
creased the risk of end-stage renal diseases [24]. The
current study was designed to assess renal function of
CHB patients who were treated with PEG-IFN-a-2a
or NUCs. A novel and important finding was that eGFR
improved significantly in patients with PEG-IFN-a-2a
therapy over 48 weeks. While LdT treatment was known
to reveal the renal protective effect, ADV therapy showed
a strong nephrotoxicity based on the eGFR decrease using
the linear mixed effects model for repeated measure. The
eGFR remained stable in patients with ETV treatment.
Age and BUN were notable negative predictive factors for
eGFR changes.

To the best of our knowledge, this is the first study on
the effect of renal function with pegylated interferon
therapy for HBV monoinfection. Remarkable elevations
in eGFR were observed in both treatment-naive and
ETV-experienced CHB patients who received PEG-IFN-
a-2a monotherapy. Interestingly, linear mixed effects
model for repeated measures in the individual variations
of eGFR also indicated the renoprotective function in
PEG-IFN-a-2a-treated patients. Our results were in line
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Table 2 Predictors of eGFR changes

eGFR (CKD-EPI) eGFR (MDRD)

Estimate Standard error P value® Estimate Standard error P value®
Age —-0.907 0.055 <0.0001 -0933 0.122 <0.0001
Sex 1410 1.105 0.203 4916 2473 0.048
HBV DNA 0211 0214 0.325 0.502 0.573 0.382
ALT —-0.006 0.004 0.102 -0.014 0.009 0.146
AST 0.006 0.005 0.254 0.014 0.013 0.296
BUN —0492 0.107 <0.0001 -1.028 0.266 0.0001
ADV —14.522 1.397 <0.0001 —27.352 2.759 <0.0001
ETV 1.595 1430 0.266 1.963 3.640 0.590
PEG-IFN-0-2a 2.766 1306 0.035 7.365 3496 0.036

#Results from the linear mixed effects model for repeated measures. LdT therapy was set as reference

with a previous study showing an increase in eGFR for
patients with hepatitis B/D virus co-infection who re-
ceived 48-week PEG-IFN-a-2a therapy [13]. The eleva-
tion of eGFR in LdT-treated patients was also consistent
with several previous studies [15, 16, 20]. Moreover, the
improvement of renal function in LdT based therapy
was not remarkably associated with inhibition of HBV
replication [15, 16], and our study in PEG-IFN-a-2a based
treatment demonstrated a similar trend because the base-
line HBV DNA levels in all of the ETV-experienced
patients were under the limitation of detection from base-
line to 48 weeks of therapy. Furthermore, it is generally
elucidated that deposition of immune complexes of HBV
antigens and host antibodies mediate most glomerular
injuries [25]. More recent study on HBV-associated mem-
branous nephropathy revealed that the percentage of CD4
"CXCR5" follicular T helper (Tth) cells was negatively cor-
related with the value of eGFR [26]. Li et al. [27] also indi-
cated that circulating CD4"CXCR5" Tth cells contributed
to LdT-induced HBeAg seroconversion. This might indi-
cate that the increase in eGFR was a direct beneficial
effect from PEG-IFN-a-2a itself rather than an indirect ef-
fect by suppression of viral replication. It was reported
that both PEG-IFN-a-2a and LdT demonstrated immnu-
nomodulatory properties to control viral replication by
activation of cellular and humoral immunity [28] and sup-
pression of negative regulators [29]. Thus, we assumed
that the immnunomodulatory role of PEG-IFN-a-2a and
LdT may partially contribute to the increase of eGFR.
However, the specific mechanisms by which PEG-IFN-a-
2a and LdT exert their renoprotective effects were still
unclear and remains to be clarified in future studies.
Mederacke et al. [13] revealed a decrease in eGFR during
PEG-IEN-a-2a/ADV combination and ADV monotherapy
for hepatitis B/D virus co-infection. We showed that ADV
administration was most capable negative predictor for
eGFR decrease for HBV monoinfection, consistent with the
previous studies in different ethnic origins [4, 11-13, 20].

The nephrptoxicity of ADV was partly due to the inhibition
of mitochondrial DNA replication during renal excretion
[30], which leaded to dysfunction of mitochondrion and
potentially caused clinical adverse events [9]. Meanwhile,
TDE, which was also a nucleotide analogue as ADV, showed
different safety renal profiles in several previous studies. An
increase in serum Cr of more than 0.5 mg/dL in fewer than
1% of patients during 3-year TDF therapy [31], and renal
impairment was detected in response to TDF treatment [4].
Significant elevation of serum Cr was commonly found in
both ETV and TDF treatments in another study [14]. How-
ever, TDF was just approved for CHB treatment in China
in June, 2014. There was no follow-up data for patients
with TDF therapy for analysis in the present study. Previous
study indicated similar risk of renal events in CHB patients
with TDF or ETV treatment, showing that increase in
serum Cr was more frequent with ETV than TDF [14].
Our results demonstrated minor kidney dysfunction for
ETV monotherapy. Further studies on the changes in eGFR
in patients with combination therapy of PEG-IFEN-a-2a and
NUC:s should be performed to investigate the predominant
renoprotective or impairment effects of anti-HBV agents.
This study has several limitations. This was a retro-
spective analysis of renal function by evaluation of
eGFR, although data were derived from prospective
study and all patients were well followed-up during the
observational period. The enrolled patients was relatively
young with most patients less than 50 years old, and
only the baseline eGFR levels in ADV treated patients
was low. Sixteen ADV treated patients were in CKD
stage 2 or 3 with eGFR less than 90 mL/min/1.73 m? at
baseline based on MDRD formula. Furthermore, The
limited number of enrolled patients and relatively short
observational time for 48 weeks may also represent
restrictions of our study. Thus, we used a linear mixed
effects model for repeated measure to evaluate the indi-
vidual variations of eGFR. Furthermore, no routine urine
tests were performed during the study. Levels of serum
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Cr and changes of eGFR are late markers of renal im-
pairment [4], which presumably secondarily after prox-
imal tubular dysfunction. Nucleotide such as TDF and
ADV tend to be more harmful to tubular than glomeru-
lar cells in both HBV and HIV infection [9, 32]. HBV in-
fection could also induce subtle urinary abonormalities
(e.g. proteinuria andhaematuroa) without obvious eGFR
decrease in early stage. Thus, the exact impact of spe-
cific tubular toxicity of anti-HBV agents cannot be reli-
ably appreciated.

Conclusion

In conclusion, our results provided the evidence that
PEG-IFN-a-2a therapy in CHB patients increased eGFR,
thus may associated with renoprotective effects when
compared with ADV or ETV therapies in real-life study.
The mechanisms underlying the beneficial effects remain
to be further investigated.
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