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Tenofovir does not induce renal dysfunction compared to
entecavir in post-liver-transplant hepatitis B virus patients
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Purpose: Tenofovir disoproxil fumarate is accepted as an effective and tolerable drug for treatment of HBV, similar to
entecavir. However, there are some concerns about the nephrotoxicity of tenofovir. The aim of this study is to compare the
renal-function change of liver recipients who received tenofovir or entecavir for HBV.

Methods: Among 468 patients with HBV who underwent liver transplantation at Samsung Medical Center between January
2008 and December 2015, the patients treated with tenofovir (n = 39) or entecavir (n = 429) were reviewed retrospectively.
Baseline characteristics and renal-function change after 1 month, 1 year, and 2 years were compared. Propensity-score
matching was performed for 37 patients using tenofovir and 132 patients using entecavir. We also analyzed risk factors of
renal dysfunction.

Results: Age, preoperative creatinine, estimated glomerular filtration rate (e-GFR), and hepatic encephalopathy score
showed statistical difference between the tenofovir and entecavir groups. The proportion of patients with ‘decreased renal
function (e-GFR < 60 mL/min/1.73 m?)’ was higher in the tenofovir group than in the entecavir group (33.3% vs. 12.4% at
postoperative one year, P < 0.005). After propensity-score matching, there was no statistical difference in preoperative
characteristics. Postoperative 1-, 2-, and 3-year e-GFR and creatinine showed no statistical difference in either group. On
multivariate analysis, only preoperative high e-GFR showed a protective effect on renal-function change (odds ratio, 0.97; P
< 0.001), and there was no aggravating factor.

Conclusion: Tenofovir disoproxil fumarate does not induce renal dysfunction in liver-transplanted patients with HBV more
than does entecavir.

[Ann Surg Treat Res 2020;99(3):180-187]
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INTRODUCTION

Liver transplantation (LT) is the most effective treatment
for end-stage liver disease (ESLD). It is also used for treating
hepatocellular carcinoma (HCC) when liver cirrhosis is
combined or cancer repeatedly recurs after previous resection.
Fortunately, postoperative outcomes are gradually improving

because of development of surgical skills, medical treatment,
and supporting resources. Recent study showed 74.7% patient
survival at 5-year in 1,000 cases of LT in single center [1].

In the era of viral suppression, many medical treatments
have been developed for treating HBV, which is one of the most
common causes of ESLD leading to LT. Nucleotide analogue
polymerase inhibitors, including lamivudine, adefovir,
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entecavir (ETV), telbivudine, and tenofovir, are currently
available for treating HBV [2]. Tenofovir disoproxil fumarate
(TDF), like ETV, is accepted as an effective and tolerable drug
and is recommended as treatment of choice for HBV [2]. TDF
and ETV showed high rates of HBV-DNA suppression, HBeAg
seroconversion, and ALT normalization while maintaining
renal function. However, some studies show renal toxicity of
TDF in long-term follow-up study [3].

LT itself is a risk factor for renal dysfunction, especially when
patients have comorbidities, such as diabetes mellitus (DM),
coronary artery disease, or primary nonfunction of the graft
[4]. Therefore, in liver-transplanted patients, it is important to
decrease the burden on kidneys when calcineurin inhibitors
(CNI) for immunosuppression show possible nephrotoxicity.

However, there are not currently enough studies about renal
toxicity of TDF, especially in the transplantation era. The aim of
this study is to compare the renal function of post-LT patients
who received TDF or ETV for HBV.

METHODS

Patients
From January 7, 2007 to December 29, 2015, patients with

HBV who underwent LT (both living-donor LT [LDLT] and
deceased-donor LT [DDLT]) at Samsung Medical Center
(Seoul, Republic of Korea) were included. Primary diseases for
transplantation include HCC, liver cirrhosis, and acute liver
failure. Data were collected for 3 years after operation. HBsAg
positivity, HBV-DNA positivity, and continuous use of TDF or
ETV for HBV prevention were included. HCV infection, HIV
infection, HDV infection, autoimmune hepatitis, previous
renal disease such as IgA nephropathy, focal segmental
glomerulosclerosis or other chronic renal failure, and death or
re-transplantation within 2 years after operation were exclusion
criteria. We defined 'chronic renal failure' as 'e-GFR < 60 mL/
min/1.73 m’ body surface area for at least 3 months' Patients
with acute renal failure (ARF) with aggravation of e-GFR for
less than 3 months were not excluded. The study was approved
by IRB in Samsung Medical Center (No. 2019-07-038-001). We
received written informed consent from all patients.

Evaluated variables
Patient baseline characteristics of age, sex, body mass index

(BMI), albumin, total bilirubin, international normalized ratio,
model for ESLD (MELD) score, and Child-Turcotte-Pugh (CTP)
score were measured before operation. Serum ALT, HBeAg,
HBsAg, and HBV-DNA levels were also evaluated at baseline.
For evaluation of renal-function change, estimated glomerular
filtration rate (e-GFR) and serum creatinine level (Cr) were
measured preoperatively and every year after operation. Other
categorical values, such as hepatic encephalopathy, ascites,

Child-Pugh class, hepatorenal syndrome, and combined
diseases like hypertension (HTN) or DM, were also assessed
and compared. Reoperation associated with LT complication
was also analyzed. This operation includes bleeding control,
hepatic artery, portal vein or graft vein revision, hepatico-
jejunostomy due to bile leak, duodenal repair due to perforation
and wound closure. Reoperation such as liver resection due to
HCC recurrence was not included.

Definition of decreased renal function
We defined e-GFR level less than 60 mL/min/1.73 m? as

'decreased renal function’ depending on the National Kidney
Foundation practice guideline [5]. We analyzed patients with
decreased renal function at 1 month and 1, 2, and 3 years after
LT.

HBV prophylaxis: hepatitis Bimmunoglobulin with

entecavir or tenofovir
For patients with positive HBsAg, 10,000 U of hepatitis B

Ig (HBIG) was injected at anhepatic phase intraoperatively.
For patients with positive HBV DNA or HBeAg, 20,000 U was
injected until posttransplant 4 weeks. HBIG then was injected
once daily until postoperative day 6 (7 doses) and once weekly
for the next 3 weeks (total 10 times during the first month).
Subsequently, 10,000 U of HBIG was injected every month until
1 year after operation. After 1 year, HBIG injection was based
on hepatitis B surface antibody titer. For oral antiviral agent,
a patient received tenofovir if she/he did not take antiviral
agent before transplantation. If the patient used antiviral agent
medication before transplantation, the same agent was used
after transplantation. Dose of ETV was 0.5 mg once daily, and
dose of tenofovir was 300 mg daily. Both agents were tapered
properly if patient creatinine clearance was lower than 50 mL/
min,

Immunosuppression regimen
As the induction agent for transplantation, 20 mg of

basiliximab was injected intraoperatively and at postoperative
day 4. Patients received triple therapy of CNI (tacrolimus or
cyclosporin), mycophenolate mofetil (MMF), and steroid for
maintenance of immunosuppression. CNI was started the
evening of postoperative day 3, with higher targeted level for
2 weeks to prevent early rejection (10-12 mg/dL for tacrolimus
and 200-250 ng/mL for cyclosporin). Dose tapering was
performed gradually after the first 2 weeks and reached 3-5
mg/dL (for tacrolimus) or 100-150 ng/mL (for cyclosporin)
at 3 months. After 3 months, tacrolimus level was adjusted
by case considering pattern of AST. MMF was started the
morning of postoperative day 1 at 750 mg twice a day. The
steroid methylprednisolone was injected intravenously 500 mg
intraoperative and at postoperative day 1, tapered over 1 week,
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and changed to oral methylprednisolone 16 mg twice a day.
This oral dose was gradually tapered and stop at 3 months if
the patient showed no rejection. This level was reduced when
a patient was at high risk of infection (patient older than 65
years or with underlying disease) or seemed to experience CNI-
nephrotoxicity. In such cases, tacrolimus level was reduced by
2-3 mg/dL and cyclosporin by 30-50 ng/mL. When a patient
showed infection after transplantation, MMF was stopped until
recovery. This policy was equally applied to patients using ETV
or tenofovir.

Statistical analysis
Data were evaluated with the IBM SPSS Statistics, ver. 25.0

(IBM Corp., Armonk, NY, USA) statistical program. We compared
baseline characteristics using the Wilcoxon rank sum test for
numerical variables and the chi-square or Fisher exact test for
categorical values. For comparing patients with decreased renal
function between the 2 groups, we used the chi-square test or
Fisher exact test. To adjust preoperative values that showed
differences between the 2 groups, propensity-score matching

was used. We consider data with P < 0.05 to be significantly
different.

RESULTS

Comparison before matching maneuver
In Samsung Medical Center, 468 patients with HBV

underwent LT; of these, 39 were treated with TDF and 429 with
ETV. Table 1 shows that the patients of the TDF group were
older than those of the ETV group (mean age, 5636 vs. 52.17
years; P = 0.002). The Cr was higher (1.45 vs. 1.00 mg/dL, P <
0.001) and e-GFR level was lower (71.31 vs. 92.39 mL/min/1.73
m’, P < 0.001) in the TDF group.

Categorical values of type of transplantation (deceased or
living donor), proportion of HCC, sex, ascites, Child-Pugh class,
and underlying disease (HTN, DM, etc.) showed no statistical
difference between the 2 groups, although high-grade (3 or 4)
hepatic encephalopathy was more frequent in the TDF group
(P = 0.016). Total 62 patients received reoperation due to LT
complication without statistical difference between the 2

Table 1. Baseline characteristics before and after propensity-score matching

Before matching

After matching

FelRAEEr Tenofovir Entecavir Povalue Tenofovir Entecavir Pvalue
(n=39) (n=429) (n=37) (n=132)
Age (yr) 56.4+7.7 522 +7.6 0.002 55.8+7.4 549+ 7.1 0.734
Male sex 28 (71.8) 353 (82.3) 0.107 28 (75.7) 106 (80.3) 0.851
Body mass index (kg/m’) 24.1+£3.7 24.8 £3.8 0.406 243 +£3.7 247 £33 0.633
CTP score 8.8+2.9 8.2+26 0.215 8.6+2.8 8.42+£2.6 0.968
Child-Pugh class
A 10 (25.6) 135 (31.5) 0.244 10 (27.0) 37 (28.0) 0.933
B 11(28.2) 153 (35.7) 11 (29.7) 46 (34.9)
C 18 (46.2) 141 (32.9) 16 (43.2) 49 (37.1)
MELD 203 +13.5 17.0£10.5 0.376 19.4+13.3 18.6 £11.4 0.936
Preoperative creatinine (mg/dL) 1.5+1.3 1.0+0.8 <0.001 1.4+13 1.3+1.2 0.795
Preoperative e-GFR (mL/min/1.73 m?)  71.3 +32.9 92.4 +£30.0 <0.001 73.7 +£32.0 77.4 +30.2 0.704
Preoperative phosphate (mg/dL) 34+1.0 3.3+0.7 0.513 3.4+37 33+0.8 0.657
Preoperative HBV DNA, log 10 1.6 +2.2 20+22 0.213 1.6+2.3 1.3 +1.9 0.461
HBeAg 14 (35.9) 158 (36.8) 0.908 13 (35.1) 1(31.1) 0.500
Hepatocellular carcinoma 5 (64.1) 279 (65.0) 0.907 4 (64.9) 82 (62.1) 0.505
Deceased donor 8 (20.5) 3(17.0) 0.581 7(18.9) 27 (20.5) 0.413
Hypertension 7 (17.9) 7 (11.0) 0.192 5(13.5) 17 (12.9) 0.938
Diabetes mellitus 7 (17.9) 5(19.8) 0.779 7 (18.9) 35 (26.5) 0.370
Hepatic encephalopathy
Grade 1-2 1(2.6) 40 (9.3) 0.016 1(2.7) 17(12.9) 0.914
Grade 3-4 7 (17.9) 26 (6.1) 6(16.2) 9 (6.8)
Hepatorenal syndrome
CRRT nonrequired 3(7.7 21 (4.9) 0.163 2 (5.4) 8 (6.1) 0.643
CRRT required 2(5.1) 9(2.1 5.4) 6 (4.5)
Complication 5(12.8) 53 (12.4) 0.933 5(13.5) 19 (14.4) 0.892

Values are presented as mean =+ standard deviation or number (%).

CTP, Child-Turcotte-Pugh; MELD, model for end-stage liver disease; e-GFR, estimated glomerular filtration rate; CRRT, continuous

renal replacement therapy.
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groups (P = 0933).

In considering renal-function change, the TDF group showed
a higher chance of decreased renal function than did the ETV
group (Table 2). The e-GFR was less than 60 mL/min/1.73 m® in
23.1% of patients with decreased function at one month, 33.3%
at one year, and 40.5% at 2 years after operation in the TDF

group.

Propensity-score matching
For correcting bias because of the differences of baseline

Table 2. Renal-function change of both groups before
propensity matching

Renal-function change 1 Month 1 Year 2 Years
Tenofovir (n = 39)

No change 30(76.9) 26 (66.7) 22 (59.5)

Decreased renal function 9(23.1) 13(33.3) 15(40.5)
Entecavir (n = 429)

No change 369 (86.0) 373 (87.6) 538 (85.0)

Decreased renal function 60 (14.0) 53 (12.4) 63 (15.0)
Total (n = 468)

No change 399 (85.3) 399 (85.8) 380 (83.0)

Decreased renal function 69 (14.7) 66 (14.2) 78 (17.0)
P-value 0.125 <0.001 <0.001

Values are presented as number (%).

No change means estimated glomerular filtration rate (e-GFR)
>60 mL/min/1.73 m’ decreased renal function means e-GFR <60
mL/min/1.73 m’.

characteristics in the 2 groups, we applied propensity-score
matching, The target matching number ratio was 1:4 (TDF:ETV),
and matched variables were age, preoperative e-GFR, CTP
score, and log 10 value of HBV-DNA titer. After matching, the
total sample size was 169 cases, the TDF group was 37, and
the ETV group was 132. Some patients in the TDF group were
matched to only 1 to 3 patients in the ETV group; thus, the final
matching ratio was not exactly 1:4. There was no statistical
difference in baseline characteristics between the groups (Table
1).

Comparison of renal-function change after

matching
In both groups, e-GFR level showed a slight elevation at one

month after transplantation (Table 3) but a slight decrease at
1, 2, and 3 years (-1.28, =551, and -0.77 mL/min/1.73 m’ in
the TDF group, -3.10, -6.86, and -8.61 mL/min/1.73 m® in the
ETV group, respectively). However, these changes showed no
statistical difference (P > 0.05).

Table 4 shows slight decrease in creatinine after LT without
significant difference between the groups (-0.36, —-0.33, and
-0.40 mg/dL in the TDF group at 1, 2 and 3 years and -0.18,
-0.14, and —0.11 mg/dL in the ETV group, respectively). Change
of phosphate after LT also showed no noticeable difference
between the 2 groups (P > 0.05).

Risk factor analysis for renal-function change
Univariate analysis showed that some factors were associated

Table 3. Comparison of e-GFR changes after matching maneuver

Variable
1 Month
Tenofovir (n = 37) 9.4 +29.3
Entecavir (n = 132) 5.4 +28.3
P-value 0.602

Values are presented as mean =+ standard deviation.
e-GFR, estimated glomerular filtration rate.

e-GFR change (mL/min/1.73 m?)

Table 4. Comparison of creatinine and phosphate changes after matching maneuver

Variable 1 Month

Creatinine change (mL/min/1.73 m?)

Tenofovir (n = 37) -0.36+1.0

Entecavir (n = 132) -0.20+ 0.9

P-value 0.625
Phosphate change (mg/dL)

Tenofovir (n = 37) -0.14 £ 1.1

Entecavir (n = 132) 0.33 + 1.1

P-value 0.377

Values are presented as mean + standard deviation.

1 Year 2 Years 3 Years
-1.3+£253 -5.5+28.8 -0.8+£32.8
-3.1+£24.4 -6.9 £ 24.2 -8.6 £25.6

0.942 0.797 0.408

1 Year 2 Years 3 Years

-036+1.3 -033 1.3 -0.40+1.3
-0.18 £ 1.1 -0.14 + 1.1 -0.11 £ 1.1
0.635 0.641 0.276
-0.15 1.1 -0.38 £ 1.1 -0.57 £ 1.1
0.30+0.9 -0.13+£0.9 -0.18 £ 0.9
0.283 0.161 0.073
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Table 5. Risk factor analysis for e-GFR change

Parameter

Tenofovir (vs. entecavir)
Age
Male sex
Body mass index
Child-Pugh class (vs. A)
B
C
MELD
Preoperative creatinine
Preoperative e-GFR
Preoperative phosphate
Preoperative ALT
HBeAg
Hepatocellular carcinoma
Living donor
Hypertension
Diabetes mellitus
Hepatic encephalopathy
Grade 1-2
Grade 3-4
Ascites
Diuretics controlled
Noncontrolled
Ventilator care
Complication

Univariate analysis

Annals of Surgical Treatment and Research 2020;99(3):180-187

Multivariate analysis

OR (95% ClI) P-value OR (95% CI) P-value
1.12 (0.51-2.49) 0.778 1.85 (0.66-5.21) 0.242
0.99 (0.94-1.04) 0.707
0.51 (0.23-1.11) 0.089
0.99 (0.89-1.09) 0.757
1.52 (0.61-3.81) 0.038
3.81(1.33-10.89)

1.08 (1.04-1.12) <0.001 1.02 (0.99-1.06) 0.191
2.01 (1.07-3.76) 0.030
0.96 (0.94-0.97) <0.001 0.97 (0.95-0.98) <0.001
1.30(0.95-1.78) 0.102

1.001 (1.000-1.003) 0.152
1.02 (0.47-2.21) 0.966
0.80 (0.36-1.76) 0.574
0.39 (0.16-0.98) 0.045 0.64 (0.23-1.82) 0.403
2.01(0.77-5.29) 0.155
1.75(0.78-3.94) 0.178
1.43 (0.50-4.13) 0.090 0.39 (0.09-1.72) 0.361
3.00 (1.10-8.18) 0.47 (0.12-1.90)
1.45 (0.62-3.36) 0.028 1.33 (0.50-3.50) 0.566
3.28 (1.35-7.98) 2.21(0.73-6.71)
3.52 (1.10-11.24) 0.033 1.32 (0.25-7.12) 0.746
1.54 (0.52-4.58) 0.436

e-GFR, estimated glomerular filtration rate; OR, odds ratio; Cl, confidence interval; MELD, model for end-stage liver disease.

with high risk for e-GFR decrease (Table 5). High MELD score,
deceased-donor LT, noncontrolled ascites, and preoperative
ventilator use showed decreased e-GFR after LT (P < 0.05).
After matching, 24 cases of reoperation due to complication
also did not aggravated e-GFR decrease (odds ratio [OR], 1.54; P
= 0.436). These cases include bleeding control, hepatic artery
revision, hepatic venous graft revision, superior mesenteric vein
thrombectomy, hepaticojejunostomy due to bile leak, duodenal
primary repair due to perforation and wound repair (n = 11, 3, 1,
1,1, 1, and 5, respectively). In contrast, preoperative high e-GFR
showed a protective effect from e-GFR decrease in univariate
analysis (OR, 0.96; P < 0.001).

In multivariate analysis, no factor significantly aggravated
e-GFR change. Donor type, ascites, MELD score, and
preoperative ventilator care showed no difference. Only
preoperative high e-GFR showed a protective effect on
postoperative e-GFR (OR, 0.97; P < 0.001).

DISCUSSION

Before matching, our study showed a larger proportion
of patients with decreased renal function in the TDF group

than in the ETV group (33.3% vs. 12.4% after 1 year), perhaps
because we defined 'decreased renal function’ as 'e-GFR level
less than 60 mL/min/1.73 m”. The baseline e-GFR of the TDF
group was much lower than that of the ETV group, very close
to 60 mL/min/1.73 m’, Mean age and preoperative Cr were also
higher in the TDF group, showing that baseline was different
between the groups. For correcting bias, we analyzed data using
propensity-score matching and found no statistical difference
of e-GFR change or creatinine change between the groups.
In multivariate analysis, there was no aggravating risk factor
for decreased e-GFR, and preoperative high e-GFR showed a
protective effect.

ETV inhibits HBV replication and was approved in 2005
for treatment of naive HBV patients or lamivudine-resistant
patients [6]. It showed a favorable outcome even for lamivudine-
refractory patients. TDF was approved originally for HIV
infection and then was approved for HBV in 2008 with 300-
mg dosing per day (as Viread, Gilead Sciences, Foster City, CA,
USA). The American Association for the Study of Liver Diseases
had recommended firstline oral antiviral medications as TDF
or ETV since 2009 based on 2 double-blind randomized trials
showing that TDF shows better outcome than adefovir [7].
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In our hospital, TDF has been used since 2013. Originally, the
hospital hepatologist used TDF for ETV-resistant HBV patients
or patients who had side effects for ETV. Over time, with
publication of papers showing its safety and effectiveness, TDF
was also used for first-line therapy in newly found HBV. Patients
who underwent LT had usually taken the same antiviral agent
used before operation when the drug showed no side effects.
For patients who did not use an antiviral agent before LT, TDF
was prescribed.

Concerns about renal toxicity of nucleotide analogues are
common. Gara et al. [3] studied long-term follow-up (mean 7.4
years) of patients using adefovir or tenofovir and showed that
14% of patients developed renal tubular dysfunction that was
partially reversible after changing to other antivirals. There
is also concern because some HIV patients show tenofovir-
induced Fanconi syndrome [8]. However, these side effects were
very rare, and there were only a few cases reported [9]. There is
also a meta-analysis showing greater renal dysfunction and ARF
induced by tenofovir than by ETV in HIV patients [10]. However,
that report concludes that the amount of renal dysfunction is
very small (mean difference of estimated Cr clearance is 3.92
mL/min; chance of ARF was 0.7%), so it is not appropriate to
restrict tenofovir because of concern about renal toxicity.

Some recent studies showed that TDF is better than ETV in
outcomes in HCC prevention. Choi et al. [11] analyzed 24,156
patients in the South Korean national cohort group and showed
that TDF lowered the risk of HCC siginificantly more than
did ETV (hazard ratio [HR], 0.68; 95% confidence interval [CI],
0.59-0.77). This study also used propensity-score matching
with a 10923-pair population cohort showing that TDF lowered
the risk of HCC (HR, 0.68; 95% CI, 0.60-0.78; P < 0.05). Another
study showed that TDF was better in lowering HCC recurrence
than was ETV in patients who underwent liver resection
because of HCC (HR, 0.35; 95% CI, 0.33-0.84; P < 0.05) [12].

A new drug, tenofovir alafenamide, was approved in 2016
by the U.S. Food and Drug Administration for HBV and HIV
treatment. There are a few reports showing that tenofovir
alafenamide is similar in viral suppression and improvement in
renal and bone safety compared to TDF [13]. More study about
tenofovir alafenamide is expected for HBV patients in the liver
transplant era.

The present study had several limitations. First, the number
of cases in the TDF group was relatively small because TDF has
been used only since 2013 in our hospital. Follow-up duration
is also short compared to previously mentioned studies, such
as by Gara et al. [3], with a long-term follow-up duration (mean
74 years) showing renal dysfunction of nucleotide analogue
polymerase inhibitors. Patients with high risk, such as hepatic
encephalopathy, were more often tenofovir users, although that
was corrected by the propensity-matching maneuver. Second,
proteinuria and abnormal sediment in urine are a valuable

indicator and aggravating factor for renal parenchymal disease
[14]. However, our center did not assess the urinalysis of LT
patients serially after transplantation. Urinalysis was tested
only at postoperative days 0 to 7 and at 2 weeks and 3 weeks or
with clinically suspected renal dysfunction. It would be useful
to analyze these parameters in further study.

Not only tenofovir or ETV, but also LT itself is an aggravating
factor for renal dysfunction. Weber et al. [15] reviewed some
studies showing acute kidney injury occurred with 30%
incidence (12%-95%), and chronic kidney disease developed
with 22% of 5-year cumulative incidence. These results derive
from various causes, such as peritransplant acute tubular
necrosis, posttransplant diabetes, or HTN and CNI-related
nephrotoxicity. Risk factors of renal dysfunction are known
as comorbidities, such as DM, coronary artery disease, or
primary nonfunction of the graft [4]. Also, there are also many
LT postoperative events that may damage kidneys, such as
reoperation, septic or hypovolemic shock. Reoperation of our
study showed no significant difference between the 2 groups
and did not aggravate e-GFR change. However, we did not
compare septic or hypovolemic shock of all patients in this
study.

Nephrotoxicity of tenofovir compare to ETV 'in liver-
transplanted’ patients is not studied widely yet. Teperman
et al. [16] showed renal safety of tenofovir combined with
emtricitabine in liver-transplanted patient in randomized trial.
This study showed stable creatinine clearance of 37 patients
with combined tenofovir and emtricitabine comparing HBIG
withdrawal. While our study showed stable renal function of
37 patients with tenofovir compare to 132 patients with ETV.
Jiménez-Pérez et al. [17] studied ETV and/or tenofovir is efficient
and safe for HBV treatment in LT patients. Four patients
received combined ETV and tenofovir while other 4 patients
received only tenofovir showing all of 8 patients had no HBV
recurrence with stable renal function which is similar as result
of our study. There are some studies showing comparable
renal safety between tenofovir and ETV in HBV patients, but
these studies only include non-liver-transplanted patients
[18,19]. However, there is another systematic review showing
tenofovir may aggravate renal function compared to ETV in
non-LT HBV patients [20]. There are still debates on renal safety
of tenofovir and ETV, and this subject of LT era needed more
studies. Our study has a meaning in that we directly compared
the nephrotoxicity between tenofovir and ETV in relatively
large number of LT patients with matching maneuver, showing
tenofovir is comparable to ETV regarding renal safety.

In conclusion, TDF can be used safely without additional
renal toxicity compared to ETV in liver-transplanted patients.
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