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The combination of tacrolimus and entecavir improves 
the remission of HBV-associated glomerulonephritis 
without enhancing viral replication
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Abstract: Background: Tacrolimus inhibits hepatitis B virus entry into hepatocytes through targeting the HBV re-
ceptor, sodium taurocholate cotransporting polypeptide. This study was performed to evaluate the efficacy and 
safety of Tacrolimus combined with entecavir antiviral therapy for HBV-associated glomerulonephritis patients with 
biopsy-proven membranous nephropathy. Method: A cohort of 42 patients was enrolled in this retrospective study. 
Twenty-three patients received Tacrolimus (0.05 mg/kg/day) in combination entecavir over 24 weeks, whereas 
the other 19 patients only received entecavir monotherapy. Results: The probability of proteinuria remission in the 
Tacrolimus+entecavir group was 69 and 87% after 12 and 24 weeks, whereas was only 26 and 42%, respectively, 
in the entecavir group. The mean time to partial or complete remission was 18.6 weeks in the Tacrolimus+entecavir 
group and 34.3 weeks in the entecavir group (P<0.001). A decrease in the HBV DNA titer was observed in all pa-
tients with active HBV replication. None of the HBV carriers in the Tacrolimus+entecavir group showed evidence of 
HBV reactivation. The serum creatinine and alanine aminotransferase levels remained stable in both groups. The 
Tacrolimus target trough concentration was 5-10 ng/mL. Conclusion: Tacrolimus combined with entecavir rapidly 
and effectively induced remission of HBV-GN in Chinese adults. Furthermore, Tacrolimus may have a synergistic 
antiviral effect with entecavir.
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Introduction

Hepatitis B virus (HBV)-associated glomerulo-
nephritis (HBV-GN) was first described by Co- 
mbes et al. in 1971 [1]. Various pathological 
types of HBV-GN, including membranous nep- 
hropathy (MN), mesangiocapillary glomerulo- 
nephritis (MPGN), and mesangial proliferative 
glomerulo-nephritis (MSPGN), have been re- 
ported [2-4]. To date, chronic HBV infection re- 
mains an important cause of MN in endemic 
areas. Moreover, the natural history of HBV- 
GN is not well defined. Spontaneous remission 
of HBV-associated membranous nephropathy 
(HBV-MN) is common in children, but rare in 
adults [4-7]. HBV-MN progresses slowly; how-
ever, approximately 30% of adult patients prog-
ress to renal failure, and 10% of these patients 
will require renal replacement therapy [8, 9]. 
The poor prognosis of adults with HBV-GN has 
led to the development of various therapeutic 

approaches, including corticosteroids, lamivu-
dine and interferon-alpha (IFN) [4, 10-12].

In clinical practice, the Kidney Disease Impro- 
ving Global Outcomes (KDIGO) guidelines rec-
ommend that patients with HBV-GN receive 
antiviral treatment with IFN or nucleoside ana-
logues. Some previous studies have shown that 
antiviral treatment can effectively attenuate 
proteinuria and lamivudine therapy is signifi-
cantly better than IFN therapy [12, 13]. However, 
a lamivudine-resistant HBV mutation could de- 
crease the efficacy and increase recurrence 
[11]. In addition, the duration of lamivudine th- 
erapy for HBV-GN remains an unresolved issue, 
especially in Asian patients, as emerging data 
have demonstrated that disease progression 
can continue after anti-HBe seroconversion in 
this population [14]. These limits of antiviral-
only treatment have stimulated the search for 
other specific and effective treatments for 
HBV-GN.
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The pathogenesis of HBV-GN involves the depo-
sition of circulating immune complexes (CICs) 
or in situ immune complexes formed by the 
HBV antigen and antibody in renal tissue [15], 
providing the rationale for treatment with immu-
nosuppressive agents. Accordingly, some rese- 
archers have attempted to treat HBV-GN pa- 
tients with a regimen of antiviral agents com-
bined with corticosteroids or cytotoxic agents. 
This treatment approach do reduce proteinuria, 
but it is harmful through enhancing viral repli-
cation and precipitating in hepatitic flares [16].

There is currently no consensus on the optimal 
choice of treatment for HBV-GN. Thus, there is 
an urgent need to identify and validate novel 
treatment modules that not only attenuate pro-
teinuria but also inhibit HBV replication. It has 
been shown that tacrolimus (TAC) inhibits HBV 
entry into hepatocytes through targeting the 
candidate HBV receptor, sodium taurocholate 
cotransporting polypeptide (NTCP) [17, 18]. Fu- 
rthermore, many studies have demonstrated 
that TAC monotherapy or in combination with 
low-dose steroids, are effective against idio-
pathic MN and minimal change nephrotic syn-
drome [19-21]. However, the effect of TAC in 
conjunction with antiviral agents for HBV-GN in 
adults remains to be determined.

In the present study, we have assessed the effi-
cacy and safety of TAC in combination with 
entecavir for HBV-GN patients in adults.

Patients and methods

Patients

A cohort of 42 patients who were hospitalized 
at Guangdong General Hospital from 2012 to 
2014 was enrolled in this study. The study pro-
tocol was reviewed and approved by Guangdong 
General Hospital’s Ethic Committee, and all 
participants provided written informed con-
sents. The entry criteria were the following: 1) 
all HBV-GN cases with biopsy-proven MN; 2) 
age between 18 and 70 years; 3) evidence of 
chronic HBV infection based on the presence of 
HBsAg, HBeAg or HBV DNA in the serum; 4) an 
estimated glomerular filtration rate (eGFR) >50 
ml/min/1.73 m2 according to the Chronic Ki- 
dney Disease Epidemiology Collaboration (CKD- 
EPI) formula; and 5) no immunosuppressive 
treatment within the previous 2 weeks. The 
exclusion criteria included a diagnosis of idio-
pathic MN, systemic lupus erythematosus, ma- 
lignancy, diabetes mellitus, severe infections or 

any other systemic disease known to be associ-
ated with secondary MN.

From 2012 to 2014, twenty-three HBV-MN 
patients with nephrotic syndrome were given 
TAC (0.05 mg/kg/day) combined with enteca-
vir. TAC was divided into two daily doses at 
12-hour intervals. Subsequent doses were 
adjusted to achieve a whole blood 12-hour 
trough level between 5 and 10 ng/ml. The par-
ticipants’ baseline demographic and clinical 
data were compared with 19 historic control 
subjects who had biopsy-proven HBV-MN and 
received entecavir-only therapy for proteinuria 
less than 4.0 g/d. All of the patients were 
instructed to maintain the same doses of angio-
tensin converting enzyme inhibitors (ACEI) or 
angiotensin receptor blockers (ARB) as they 
were taking before enrollment. The patients 
were treated with or without additional antihy-
pertensive agents to achieve a blood pressure 
target of below 130/85 mmHg.

Clinical data were collected from all patients, 
including serum creatinine (SCr), serum HBV 
DNA, alanine aminotransferase (ALT), electro-
lyte, glucose, total protein, albumin, total cho-
lesterol, triglycerides, 24-h excretion of urine 
protein, and trough levels of TAC.

Methods

Serum DNA levels were determined using po- 
lymerase chain reaction (PCR). Other serum 
HBV markers, including HBsAg, HBeAg, HBsAb, 
HBeAb, and HBcAb, were detected using en- 
zyme-linked immunosorbent assays (ELISA).

The current diagnostic criteria for HBV-GN are 
as follows: 1) the presence of a serum HBV anti-
gen (inactive carriers were included); 2) the 
diagnosis of glomerulonephritis with the exclu-
sion of other types of secondary nephritis; and 
3) the presence of renal HBV antigen, which is 
required for the diagnosis of HBV-GN.

Histologic diagnosis of HBV-associated MN was 
based on studies with light, immunofluorescen- 
ce and electron microscopy. Renal tissue sam-
ples were routinely processed and stained with 
hematoxylin-eosin, periodic acid-Schiff, Mas- 
son’s trichrome, Jones’s silver, and Congo red 
stains. For direct immunofluorescence, frozen 
sections of the fresh tissue samples were 
stained with antisera against human C3, C4, 
C1q, IgA, IgM, IgG, and fibrinogen. HBV-specific 
antigens were observed by indirect immuno- 
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fluorescence using a rabbit polyclonal antibody 
against HBcAg and monoclonal antibodies 
against HBeAg and HBsAg, according to the 
instructions as previously described [22]. Two 

Repeated measures analysis of variance was 
used for comparison of Scr in each time point. 
The categorical variables were analyzed using  
a chi-squared test and Fisher exact test. The 

Table 1. Demographic, clinical, histological and laboratory characteristics of patients at baseline
TAC+entecavir entecavir P value

Age 40.8±17.0 38.5±13.9 0.89
Distribution of ages by tertiles (<40/40-50/>50 years) 13/1/9 12/3/4 0.76
Gender (Male/Female) 8/15 12/7 0.19
Scr (µmol/l) 78.8±26.1 65.9±18.3 0.08
eGFR (ml/min/1.73 m2) 101.4±29.2 105.5±16.8 0.63
Distribution of eGFR (>90/60-89/50-59 ml/min/1.73 m2) 16/4/3 16/3/0 0.13
Proteinuria (g/24 h) 5.2±3.1 2.3±2.4 <0.001
Serum albumin (g/l) 16.4±3.8 27.2±6.9 <0.001
Percentage of glomerular sclerosis 7.1±8.5 4.3±5.5 0.33
Percentage of renal interstitial fibrosis 11.3±10.8 12.7±15.9 0.79
Serum HBV DNA (log) 1.6±1.9 3.2±2.8 0.06
Active HBV replication (n) 6 12 0.19
HBV carriers (n) 17 7 0.09
Renal tissue HBsAg(+) (n) 21 17 0.48
Renal tissue HBcAg(+) (n) 2 2 0.73
2 times the upper limit of normal 2 2 0.84
Hypocomplementemia (n) 8 6 0.83
SBP (mmHg) 131±19 128±20 0.59
DBP (mmHg) 82±15 80±13 0.64

Table 2. Proteinuria remission of patients in TAC 
combined with entecavir group and entecavir mono-
therapy group post-treatment

Time Remission TAC+entecavir 
n=23 (%)

entecavir 
n=19 (%) P value

8 week No 19 (82.6) 17 (89.5) 1.000
PR 3 (13.0) 2 (10.5)
CR 1 (4.4) 0 (0.0)

12 week No 7 (30.4)* 14 (73.7) 0.013
PR 14 (60.9) 4 (21.0)
CR 2 (8.7) 1 (5.3)

24 week No 3 (13.0)* 11 (57.9)* 0.008
PR 8 (34.8) 4 (21.1)
CR 12 (52.2) 4 (21.1)

36 week No 3 (13.0)* 10 (52.6)* 0.028
PR 6 (26.1) 2 (10.5)
CR 14 (60.9) 7 (36.8)

52 week No 0 (0.0)* 10 (52.6)* <0.001
PR 5 (21.7) 1 (5.3)
CR 18 (78.3) 8 (42.1)

No, without remission; PR, partial remission; CR, complete remis-
sion; *compared with 8 week P<0.05. P-value of comparison 
between TAC combined with entecavir group and entecavir group.

renal pathologists, who did not have knowl-
edge of the patients’ clinical status, per-
formed histologic grading of MN.

Outcome variables and definitions

The primary outcome variables were the 
number of patients who reached complete 
or partial remission (CR or PR). CR was 
defined as <0.5 g/24 h proteinuria or lower 
plus stable renal function (eGFR >50 ml/
min/1.73 m2) and PR as proteinuria <3.5 
g/24 h and 50% lower than baseline pro-
teinuria plus stable renal function. Se- 
condary outcome variables included the 
SCr levels, serum HBV DNA, ALT and TAC 
dosing and serum trough levels.

Statistical analysis

Continuous data are expressed as the 
mean ± sd. The quantitative data were ana-
lyzed using a t-test or the Wilcoxon rank 
sum test for two independent group com-
parison. A paired t-test or the Wilcoxon 
singed rank was used for two-paired group. 
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cumulative percentage of patients who went 
into proteinuria remission was calculated with 
the Kaplan-Meier method, and comparisons 
between the two groups were made with the 
log-rank test. P<0.05 was considered statisti-
cally significant. All of the statistical analyses 
were performed using SPSS 13.0 (SPSS Inc., 
Chicago, IL, USA).

Results

TAC combined with entecavir significantly re-
duces proteinuria and shortens the mean time 
of partial or complete remission

A total of 42 patients with biopsy-proven HBV-
MN were enrolled in this study. Their baseline 
demographic, clinical, histological and labora-
tory characteristics are listed in Table 1. Most 
patients in both groups were less than 40 years 

cavir group, respectively. The mean time for 
achieving PR and CR was 38.4 weeks (95% CI: 
30.3-46.6) and 42.9 weeks (95% CI: 36.7-49.2) 
in the entecavir group (P=0.001).

The probability of proteinuria remission was 
estimated by the Kaplan-Meier method. The CR 
of proteinuria remission in TAC combined with 
entecavir group was significantly higher than 
that of entecavir group (Figrue 1A). Mo- 
reover, the probability of the combined CR and 
PR of proteinuria remission between TAC com-
bined with entecavir group and entecavir gro- 
up were 69.6% vs. 26.3%, 87% vs. 47.4%, and 
87% vs. 52.6% after 12, 24 and 36 weeks, 
respectively (Figrue 1B, P<0.001 by log-rank 
test). In consistent, proteinuria was significantly 
decreased in the TAC combined with entecavir 
group at weeks 12 and 24 after treatment. In 
the TAC combined with entecavir group, protein-

Figure 1. Survival curves of proteinuria remission as estimated by the 
Kaplan-Meier method. A. Survival curve of CR in patients in group A (TAC 
combined with entecavir) compared with curve of patients in group B (en-
tecavir), P<0.01; B. Survival curve of CR+PR of patients in group A (TAC 
combined with entecavir) compared with curve of patients in group B (en-
tecavir), P<0.01.

old. The 24-h excretion of urine 
protein was significantly higher 
in the TAC combined with ente-
cavir group than in the enteca-
vir-only group at baseline. There 
were no significant differences 
in both active HBV replication 
and HBV carriers between the 
two groups.

Remission of proteinuria is sh- 
own in Table 2. A significant re- 
duction in proteinuria was ob- 
served in patients treated with 
the combination of TAC and en- 
tecavir within at least 12 weeks 
of therapy and beyond. The per-
centages of proteinuria remis-
sion (PR+CR) in the TAC com-
bined with entecavir group vs. 
entecavir alone group were 69% 
vs. 26%, respectively, at 12 we- 
eks (P=0.013), 87% vs. 42% at 
24 weeks (P=0.008), and 92% 
vs. 47% at 52 weeks (P<0.001). 
The mean time to PR or CR was 
18.6 weeks (95% confidence in- 
terval (CI): 12.8-24.4) in the TAC 
combined with entecavir group 
and 34.3 weeks (95% CI: 26.2-
42.4) in the entecavir group 
(P=0.001). The mean time for 
achieving PR and CR was 21.7 
weeks (95% CI: 14.6-28.8) and 
34.8 weeks (95% CI: 28.5-41.0) 
in the TAC combined with ente-
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uria decreased from 5.2 g/24 h (95% CI: 3.8-
6.5) at baseline to 2.6 g/24 h (95% CI: 1.2-3.9) 
(P<0.0001) at week 12 and to 2.2 g/24 h (95% 
CI: 0.6-3.6) at week 24 (P<0.005). Proteinuria 
also decreased in the entecavir group from 2.3 
g/24 h (95% CI: 1.1-3.4) at baseline to 2.2 g/24 
h (95% CI: 1.4-2.9) by week 12 (P>0.05) and  
to 1.7 g/24 h by week 24 (95% CI: 0.7-2.6) 
(P>0.05), but the decrease was no significant 
different at either week 12 and 24. The results 
showed that treatment with TAC combined wi- 
th entecavir significantly increased proteinuria 
remission.

Changes in renal function between the two 
groups

During therapy, a decrease in the median 
serum creatinine (SCr) level was observed in 
both groups (Figrue 2). In the TAC combined 
with entecavir group, the Scr values changed 
from 78.8±26.1 µmol/L at baseline to 68.9± 
19.4 µmol/L by week 52. Compared to week 0, 
the Scr values were significantly downregulated 

from week 24 to 52 (P<0.05). In the entecavir 
monotherapy group, the Scr values changed 
from 65.9±18.3 µmol/L at baseline to 61.7± 
18.1 µmol/L by week 52, but there was no sig-
nificantly change during the course of therapy 
(P>0.05). One patient in each group progressed 
to twice their baseline SCr levels at 4, 8, and 12 
weeks, and one patient in the TAC combined 
with entecavir group presented with a 50% SCr 
increase at 36 weeks; these Scr levels recov-
ered to the baseline level after the TAC treat-
ment were reduced. By the end of treatment, 
none of the patients had progressed to end-
stage renal disease. The results demonstrated 
that treatment of HBV-MN with TAC in combina-
tion with entecavir significantly decreased SCr 
level at late stage of therapy.

Replication of serum HBV DNA and changes in 
ALT between the two groups

In the TAC combined with entecavir therapy 
group, 6 patients showed evidence of active 
HBV replication, and 17 patients were not ac- 
tive HBV carriers. The serum levels of HBV DNA 
in all 6 patients with active HBV replicati- 
on decreased after treatment. Circulating HBV 
DNA levels even fell below the detection thresh-
old in one of these six patients during the 24 
weeks of treatment (Figrue 2). Moreover, dur-
ing therapy, HBV reactivation was not observed 
in any of the patients. In the entecavir mono-
therapy group, 12 patients showed evidence of 
active HBV replication, and 7 patients were not 
active HBV carriers. The serum levels of HBV 
DNA in all 12 patients with active replication 
decreased after treatment; one of these pa- 
tients became HBV DNA negative within 24 
weeks after starting therapy (Figure 3).

Seroconversion from HBeAg and HBsAg to 
HBeAb and HBsAb was not present after 24 
weeks of treatment in either group. The serum 
ALT levels decreased in all 42 patients during 
therapy. The mean serum ALT level decreased 
from 85.5 U/L at baseline to 21.1 U/L at the 
end of therapy for TAC combined with entecavir 
and from 26.5 U/L at baseline to 19.9 U/L at 
the end of therapy for entecavir. There was no 
significant difference in the change in the 
serum ALT and AST levels at any time point 
between the two groups (Table 3).

TAC trough concentration

During the first 36-week period of treatment, 
the mean doses of TAC were 0.05-0.06 mg/

Figure 2. Serum creatinine (µmol/L) levels in the 
blood of patients post-treatment. Data are expressed 
as mean±sd. *compared with 0 week of group A, 
P<0.05. Group A: TAC combined with entecavir; 
Group B: Entecavir monotherapy.

Figure 3. Rate of patients with HBV DNA replication 
in the blood post-treatment. *compared with 0 week 
of group B, P>0.05. #compared with 0 week of group 
A, P>0.05. Group A: TAC combined with entecavir; 
Group B: Entecavir monotherapy.
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kg/d. The mean trough blood level of TAC dur-
ing therapy was shown in Figure 4. TAC was well 
tolerated, and there were no serious side ef- 
fects from TAC treatment.

Discussion

In this study, we showed that TAC combined 
with low-dose of entecavir antiviral therapy 
significantly improved the outcome of patients 
with HBV-GN. Of 23 HBV-GN patients who re- 
ceived TAC combined with entecavir, 87% sh- 
owed CR or PR, and 52% achieved CR by week 
24. In contrast, HBV-GN patients received only 
entecavir therapy demonstrated 42% CR or PR, 
and 16% CR. HBV reactivation was not observed 
in any of the patients. These results further 
support the therapeutic value of immunosup-
pressive agents in HBV-GN, as previously dem-
onstrated for cyclosporine A [23].

It is widely accepted that the immune complex 
plays a critical role in the pathogenesis of HBV-

Our study applied TAC combined with entecavir 
in adults with HBV-MN. Previous studies have 
shown that steroids and cytotoxic agents may 
reduce proteinuria but enhance HBV DNA repli-
cation. Similarly, the use of azathioprine in 
some patients results in reactivation of HBV 
and fatal acute hepatitis [4, 11]. We found that 
TAC, combined with entecavir, induced a rapid 
reduction of proteinuria without enhancing HBV 
DNA replication in HBV-MN. Regardless of TAC 
administration, the serum levels of HBV DNA 
decreased in all active HBV infected patients, 
and HBV reactivation was not observed in any 
HBV carriers. There was no difference in the cir-
culating HBV DNA level, which fell below the 
detection threshold by 24 weeks of treatment, 
between the two groups. Moreover, the one 
patient with higher initial aminotransferase lev-
els did not progress to fatal acute hepatitis 
after TAC combined with entecavir treatment. 
Our findings suggest that TAC combined with 
entecavir therapy is effective and safe com-

Table 3. Frequency of patients with abnormal ALT and AST pre- 
and post-treatment

Variables Pre-treatment
Post-treatment

Group A Group B
Normal Abnormal Total Normal Abnormal Total

ALT Normal 20 1 21 17 0 17
Abnormal 2 0 2 2 0 2
Total 22 1 23 19 0 19

AST Normal 20 0 20 17 0 17
Abnormal 3 0 3 2 0 2
Total 19 0 23 19 0 19

Figure 4. Mean trough blood levels of TAC during the 36 weeks of therapy.

GN. At least one of the three 
major HBV antigens, namely 
HBsAg, HBeAg, and HBcAg, are 
present in the glomerulus capil-
lary wall, suggesting a mecha-
nism involving HBV-related im- 
mune complexes formed by 
passive trapping or in situ for-
mation [24]. Notably, in Asian 
patients, emerging data have 
shown that disease progres-
sion can continue even after 
anti-HBe seroconversion oc- 
curs [14]. Therefore, it is highly 
possible to treat HBV-GN pa- 
tients with immunosuppressive 
agents. Indeed, TAC has been 
increasingly used in patients 
with idiopathic MN. Moreover, a 
recent study suggests that TAC 
may inhibit HBV entry into he- 
patocytes through targeting 
the candidate HBV receptor, 
NTCP [17]. Entecavir monother-
apy has recently been reported 
to be effective in treating HBV-
MN [25, 26]. However, antiviral-
alone treatments have some 
limitations, such as HBV vari-
ants, a relatively low remission 
rate and a longer mean time of 
remission.
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pared to other immunosuppressive agents for 
patients with HBV-GN.

The pharmacology of TAC in treating patients 
with HBV-GN has not been reported. Our results 
suggest that TAC may directly exert immuno-
suppressive and HBV DNA replication inhibitory 
effects. It has recently been reported that NTCP 
is essential for HBV-specific entry [18], and inhi-
bition of NTCP by calcineurin can inhibit HBV 
infection [17]. Further study using cyclosporine 
A may identify more potent anti-HBV com-
pounds [17]. Our results demonstrated TAC  
not only reduced proteinuria but also inhibited 
HBV DNA replication. However, the number of 
patients with active HBV DNA replication was 
too small to compare the degree of HBV DNA 
titer decrease and the mean time for HBV DNA 
to fall below the detection threshold between 
the two groups. Therefore, further studies with 
a large cohort of patients are needed to vali-
date the inhibitory effect of TAC on HBV DNA 
replication.

Importantly, our study suggests that TAC does 
not increase the risk of acute renal dysfunction. 
No side effects, such as serious infection or 
glucose intolerance, were observed throughout 
the study. Moreover, TAC was well tolerated due 
to the relatively low doses and serum trough 
concentration of TAC.

Nevertheless, this study was limited by its 
observational analysis, relatively small size and 
short follow-up period. Furthermore, we did not 
compare the decrease in HBV DNA at any time 
point between the two groups. Therefore, a pro-
spective, multi-center, randomized control tri- 
al is needed to evaluate the potential role of 
TAC in combination with antiviral agents in 
HBV-GN.

In summary, this study has demonstrated the 
beneficial effects of TAC combined with ente- 
cavir therapy, such as significant proteinuria 
remission, in Chinese adult patients with HBV-
GN. This combinatorial treatment does not en- 
hance HBV DNA replication or acute renal func-
tion worsening. Our results suggest that TAC, as 
a first-line immunosuppressive agent, could be 
used for adult patients with HBV-GN.
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