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Background/Aims: Tenofovir disoproxil fumarate (TDF) is potentially nephrotoxic in chronic 
hepatitis B patients. Hepatocellular carcinoma (HCC) patients treated using transarterial 
chemoembolization (TACE) are at an increased risk of renal injury. The aim of this study was to 
determine whether TDF is associated with more renal adverse events than entecavir (ETV) in 
HCC patients treated with TACE.

Methods: In this retrospective single-center study, we selected 53 HCC patients who were 
treated with TDF from January 2012 to July 2013 and had their first TACE procedure in the 
same period. These patients were matched by age and sex to patients treated with ETV. 

Results: There were no significant differences in baseline characteristics, including HCC 
factors, and nephrotoxic drug use, between the two groups. The median follow-up period 
was 17.0 and 20.0 months for the TDF and ETV groups, respectively. There was no difference 
during the follow-up period between the TDF and ETV groups in the increase in creatinine 
over 0.5 mg/dL (17.0% and 17.0%, P=1.00, respectively) and the decrease in eGFR over 25% 
(43.4% and 41.5%, P=0.84, respectively). Multivariate analysis revealed that Child-Pugh class 
over B (hazard ratio [HR], 7.30; 95% confidence interval [CI] 2.79-19.10; P<0.01) was associated 
with increase in creatinine, and Child-Pugh class over B (HR, 82.74; 95% CI 12.31-555.83; 
P<0.01) and Barcelona-Clinic Liver Cancer stage over B (HR, 14.93; 95% CI 1.60-139.51; P=0.02) 
were associated with decrease in eGFR.

Conclusions: TDF has comparable safety to that of ETV for HCC patients undergoing TACE. (J Liver 
Cancer 2019;19:128-135)
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Introduction

Hepatitis B is the leading cause of hepatocellular carcino-

ma (HCC) in Korea.1 Recent guidelines regarding chronic 

hepatitis B (CHB) recommend both tenofovir disoproxil fu-

marate (TDF) and entecavir (ETV) as the first-line treatment 

for CHB patients.2 ETV has potential carcinogenic effects. 

Previous rodent studies showed increase in a variety of can-
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cers in the preclinical setting.3 However, there is no evidence 

of increased incidence of cancer in humans. TDF is a more 

potent drug compared to ETV, showing superior viral sup-

pression and lower incidence of drug resistance. However, 

there is concern regarding nephrotoxicity of TDF.4 Previous 

studies assumed the mechanism of nephrotoxicity was mito-

chondrial damage, causing direct damage of the proximal tu-

bule.5 In addition, there were several cases of Fanconi syn-

drome after TDF treatment.5-7 

Transarterial chemoembolization (TACE) is recommend-

ed for advanced HCC patients in the Barcelona-Clinic Liver 

Cancer (BCLC) B stage in most guidelines.8 However, in re-

al-world practice, physicians utilize TACE beyond the guide-

lines, and TACE is the most frequently used treatment strat-

egy for HCC.9 HCC patients undergoing TACE are at an 

increased risk of kidney injury. The risk factors for acute kid-

ney injury after TACE are poor liver function, hypertension, 

decreased serum albumin levels, and high dose of radiocon-

trast in TACE treatments.10 These patients are also frequently 

exposed to contrast computed tomography (CT) scans and 

use nephrotic drugs such as diuretics. 

There has been no study comparing the risk of renal events 

by antiviral treatments in HCC patients undergoing TACE 

treatment. Therefore, the results of this study can give evi-

dence when choosing the antiviral agent for HCC patients. 

The aim of our study is to compare the renal toxicity of TDF 

versus ETV in HCC patients undergoing TACE treatment. 

METHODS

1. Patient selection

A total of 771 HCC patients with CHB treated with TDF 

between January 2012 and July 2013 at the Seoul National 

University Hospital were screened for this study. The inclu-

sion criteria were: 1) age >18 years, 2) CHB patients initially 

treated with TDF without changing the treatment method, 3) 

HCC patients undergoing TACE as their first treatment for 

HCC, and 4) baseline estimated glomerular filtration rate 

(eGFR) >30 mL/min/1.73 m2 and not receiving hemodialy-

sis. The exclusion criteria were: 1) history of prescription of 

other antiviral agents for CHB treatment and 2) other malig-

nancy requiring treatment. Fifty-three patients were eventu-

ally included in this study. A total of 2,076 patients treated 

with ETV monotherapy between January 2012 and July 2013 

with the same inclusion/exclusion criteria were screened and 

53 randomly selected patients were matched by age and sex 

(the TDF versus the ETV groups, Fig. 1). The study protocol 

was approved by the Institutional Review Board of Seoul Na-

tional University Hospital, which follows the ethical guide-

lines of the World Medical Association Declaration of Hel-

sinki. 

2. Selection of antiviral therapy

The indication for antiviral therapy followed the guidelines 

of the Korean Association for the Study of the Liver, which is 

similar to the global guidelines.11 

3. Assessment of renal function

The eGFR was calculated using the Modification of Diet in 

Renal Disease Study equation.12 Serial measurements of serum 

creatinine (Cr) and eGFR were performed per each patient’s 

needs. Changes in renal function were measured retrospective-

ly. The primary outcome was nephrotoxicity, which was de-

fined as: 1) a decrease in eGFR by over 25 % from the baseline, 

Figure 1. Patient selection. TDF, tenofovir; ETV, entecavir; TACE, 
transarterial chemoembolization.

The tenofovir group The entecavir group
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and 2) an increase in Cr by over 0.5 mg/dL from the baseline. 

4. Statistical analysis

To compare baseline characteristics, we used the t -test for 

continuous variables and the chi-square test for non-contin-

uous variables. The renal events in the TDF and ETV groups 

were compared using the chi-square test, and for estimation 

of time factors, the Kaplan-Meier curve with log-rank test for 

comparison was used. Prognostic factors were evaluated us-

ing univariate and multivariate analysis performed using the 

Cox proportional hazards model. All statistical analyses were 

performed using SPSS Statistics, version 22.0 (IBM Corp., 

Armonk, NY, USA), and results were considered statistically 

significant at a two-sided P<0.05.

Table 1. Baseline characteristics

Tenofovir group (n=53) Entecavir group (n=53) P-value*

Age (years) 56.9±8.9 56.8±9.0 0.92 

Sex

Male 43 (81.1) 42 (79.2) 0.81 

Child-Pugh score 0.56 

A 40 (75.5) 43 (81.1)

B 10 (18.9) 9 (17.0)

C 3 (5.7) 1 (1.9)

Diabetes mellitus 8 (15.1) 6 (11.3) 0.57 

Hypertension 7 (13.2) 3 (5.7) 0.18 

Serum creatinine (mg/dL) 0.81±0.16 0.83±0.2 0.58 

eGFR-MDRD (mL/min/1.73 m2) 98.7±22.2 96.8±21.8 0.65 

eGFR under 60 0 (0.0) 3 (5.7) 0.24 

Tumor factor

HCC size (cm) 4.8±4.5 4.2±4.5 0.51 

Portal vein invasion 0.88 

Main 6 (11.4) 4 (7.5)

Major branch 4 (7.5) 4 (7.5)

Segmental 5 (9.4) 4 (7.5)

BCLC stage (A/B/C, %) 45.3/26.4/28.3 49.1/17.0/34.0 0.49 

Renal factor

Diuretics treatment 20 (37.7) 21 (39.6) 0.65 

Maximum spironolactone dose (25 mg) 4.0±2.0 4.3±1.8 0.70 

Maximum furosemide dose (40 mg) 1.1±0.6 1.2±0.9 0.91 

Other nephrotoxic drug use 9 (17.0) 10 (18.9) 0.80 

Adriamycin dose (mg) 113.6±83.2 120.7±124.5 0.73 

Cisplatin dose (mg) 21.6±53.2 32.8±64.9 0.34 

Number of TACE treatment (month) 0.31±0.55 0.22±0.20 0.48 

Number of contrast CT (month) 0.47±0.66 0.41±0.19 0.27 

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease; TACE, transarterial chemoembolization; CT, computed 
tomography. 
*Quantative variables by 2-sample t-test, qualitative variables by chi-square test.
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RESULTS

1. Baseline characteristics 

We selected 53 patients treated with TDF from a single 

center using the inclusion/exclusion criteria (described in the 

patient selection section) and matched them with ETV-treat-

ed patients. Baseline characteristics were collected at the time 

of starting the TACE treatment. Patients were predominantly 

male (81.0%) and the distribution of the Child-Pugh class 

was comparable between the TDF and ETV groups (P=0.56, 

Table 1). The baseline tumor factors such as maximum tu-

mor size, degree of portal vein thrombosis, BCLC stage, and 

the baseline kidney function between the TDF and ETV 

groups were well balanced (Table 1). 

We investigated the use of nephrotoxic drugs throughout 

the follow up period, focusing on the use of diuretics and ra-

diocontrast agents. Both the TDF and ETV groups had used 

comparable amount of diuretics, chemotherapeutic agents 

during TACE, and other nephrotoxic drugs such as non-ste-

roidal anti-inflammatory drugs and angiotensin receptor 

blockers. The number of TACE treatments and the number 

of contrast CT scans per month were comparable between 

the two groups. Taken together, we can assume that the use 

of radiocontrast agents was also comparable between the two 

groups. 

2.	�Renal events of the TDF group compared to 

that of the ETV group 

The median duration of follow-up was 17.0 months in the 

TDF group (interquartile range [IQR], 9.0-22.0 months), 

and 20.0 months in the ETV group (IQR, 12.0-30.0 months). 

During the follow up period, there were no differences in re-

nal events in the TDF and ETV groups: increase in Cr over 

0.5 mg/dL (17.0% and 17.0%, P=1.00, respectively, Table 2); 

Table 2. Changes in renal function during the follow-up period

Tenofovir group (n=53) Entecavir group (n=53) P-value*

Increase in Cr over 0.5 mg/dL 9 (17.0) 9 (17.0) 1.00 

Decrease in eGFR over 25% 23 (43.4) 22 (41.5) 0.84 

Values are presented as number (%).
eGFR, estimated glomerular filtration rate; Cr, serum creatinine.
*Chi-square test.

Figure 2. Renal events of the tenofovir group compared to those of the entecavir group. (A) Kaplan-Meier curve of increase in creatinine over 0.5 
mg/dL. (B) Kaplan-Meier curve of decrease in eGFR over 25%.
*Chi-square test.

A B

	 Code
  The tenofovir group
  The entecavir group
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Table 3. Antiviral dose reduction due to acute renal failure

Tenofovir group (n=20) Entecavir group (n=21) P-value*

Number of dose reduction cases 4 (19.0) 3 (15.0) 1.00 

Standard dose (48 hours) 1 (4.8) 0 (0.0)

Standard dose (72 hours) 2 (9.5) 2 (10.0)

Standard dose (week) 1 (4.8) 1 (5.0)

Values are presented as number (%).
*Chi-square test.

Table 4. Risk factors of renal events

Parameter

eGFR decrease over 25% Creatinine increase over 0.5 mg/dL

Univariate Multivariate Univariate Multivariate

HR (95% CI) P-value* HR (95% CI) P-value* HR (95% CI) P-value* HR (95% CI) P-value*

Age 0.98 (0.94-1.01) 0.13 0.95 (0.90-1.00) 0.07

Sex

Female 1.49 (0.73-3.04) 0.27 0.53 (0.12-2.32) 0.40

Diabetes 1.92 (0.92-4.00) 0.08 1.22 (0.35-4.21) 0.76

Hypertension 1.11 (0.43-2.81) 0.83 1.06 (0.24-4.62) 0.94

Log (HBV DNA) 1.02 (0.84-1.23) 0.88 1.06 (0.79-1.43) 0.69

Child Pugh Score

A 1 1 1 1

B-C 4.81 (2.61-8.86) <0.01* 7.30 (2.79-19.10) <0.01* 13.75 (5.10-37.08) <0.01* 82.74 (12.31-555.83) <0.01*

Tumor size 1.01 (0.93-1.09) 0.82 1.06 (0.94-1.17) 0.37

Tumor number 1.51 (1.20-1.91) <0.01* 2.28 (1.60-3.26) <0.01*

Portal vein thrombosis

Main 4.52 (1.95-10.50) <0.01* 19.69 (5.62-69.00) <0.01*

Major branch 3.11 (1.27-7.58) 0.01* 14.38 (4.12-50.13) <0.01*

Segmental branch 1.96 (0.75-5.12) 0.17 5.32 (1.27-22.25) 0.02*

BCLC stage

A 1 1

B-C 1.84 (1.02-3.35) 0.04* 11.38 (2.60-49.72) <0.01* 14.93 (1.60-139.51) 0.02*

Diuretics treatment 2.24 (1.20-4.19) 0.01* 4.15 (1.64-10.50) <0.01*

Aldactone dose (tablet) 1.36 (1.03-1.80) 0.03* 1.25 (0.91-1.71) 0.18

Furix dose (tablet) 2.44 (0.94-6.32) 0.07 1.24 (0.51-3.02) 0.64

Number of TACE (months) 2.97 (1.15-7.63) 0.02* 4.52 (1.49-13.72) <0.01*

Adriamycin dose 1.00 (1.00-1.00) 0.36 1.00 (1.00-1.00) 0.86

Cisplatin dose 1.00 (1.00-1.01) 0.66 1.01 (1.00-1.01) 0.09

Number of contrast CT 
(months)

1.81 (0.62-5.23) 0.27 2.09 (0.79-5.58) 0.14

Treatment of entecavir 0.80 (0.45-1.45) 0.47 0.93 (0.37-2.33) 0.87

Values are presented as number (range).  
eGFR, estimated glomerular filtration rate; Cr, serum creatinine; HR, Hazard ratio; CI, confidence interval; BCLC, Barcelona clinic liver cancer; TACE, 
transarterial chemoembolization; CT, computed tomography. 
*Cox proportional hazard regression, P<0.05.
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and decrease in eGFR under 25% (43.4% and 41.5%, 

P=0.84, respectively, Table 2). Analysis of time effects using 

the log-rank method also revealed no difference in the in-

crease in Cr over 0.5 mg/dL (P=0.87, Fig. 2A), and decrease 

in eGFR under 25% (P =0.47, Fig. 2B) in the TDF group 

compared to the ETV group. Dose reduction of diuretics was 

also comparable between the TDF and ETV groups (19.0% 

and 15.0%, P=1.00, respectively, Table 3). 

3. Predictors of renal events 

Cox regression analysis revealed that there was no differ-

ence in the risk of renal events in the ETV group compared 

to the TDF group, decrease in eGFR over 25% (hazard ratio 

[HR], 0.80; 95% confidential interval [CI], 0.45-1.45, 

P =0.47, Table 4), and increase in Cr over 0.5 mg/dL (HR, 

0.93; 95% CI, 0.37-2.33; P=0.87, Table 4). In the multivari-

ate Cox regression analysis, Child-Pugh score B-C was the 

only factor associated with a decrease in eGFR over 25% 

(HR, 7.30; 95% CI, 2.79-19.10), and Child-Pugh score B-C 

(HR, 82.74; 95% CI, 12.31-555.83; P <0.01, Table 4) and 

BCLC stage B-C (HR, 14.93; 95 % CI, 1.60-139.51; P<0.01, 

Table 4) were associated with an increase in Cr over 0.5 mg/dL. 

4. Cause of renal events 

There was a higher frequency of decrease in eGFR over 

25% (n=45, 42.5%) than of increase in Cr over 0.5 mg/dL 

(n=18, 17.0%). Increase in Cr over 0.5 mg/dL was associated 

more with significant clinical events such as hepatic decom-

pensation, HCC progression, infection, bleeding, and TACE 

(Table 5). 

DISCUSSION

These results of 53 CHB patients using TDF matched with 

ETV-treated patients revealed that the choice of antiviral 

treatment was not associated with significant renal events 

when HCC patients were undergoing TACE treatment. 

There is no previous study comparing the renal events be-

tween TDF and ETV with TACE treatments, therefore, we 

suggest the results of this study can aid clinical decisions 

when choosing antiviral drugs for CHB-related HCC pa-

tients. 

There is controversy regarding renal adverse events associ-

ated with TDF and ETV in CHB patients. A previous study 

compared increase in Cr and decrease in eGFR in TDF-treat-

ed and ETV-treated CHB patients. The study concluded that 

the risk of nephrotoxicity was comparable between the two 

treatment options.4 However, another recent multi-center 

study composed of a large multi-center cohort of CHB pa-

tients13 evaluated nephrotoxicity of TDF and found that TDF 

caused a decrease in eGFR, although the clinical significance 

was questionable. Another multi-center study conducted a 

long term follow-up of 49 months and concluded that there 

were no differences in renal adverse events between the TDF 

and ETV treatments.14 

HCC patients undergoing TACE are at an increased risk of 

Table 5. Cause of renal events 

Decrease in eGFR over 25% (n=45) Increase in Cr over 0.5 mg/dL (n=18)

Hepatic decompensation/HCC progression 5 (11.1) 8 (44.4)

Hepatorenal syndrome 2 (4.4) 2 (11.1)

Infection without shock 5 (11.1) 3 (16.7)

Septic shock 3 (6.7) 2 (11.1)

Bleeding 1 (2.2) 1 (5.6)

Post-operative volume depletion 2 (4.4) 0 (0.0)

TACE 2 (4.4) 1 (5.6)

Unknown 25 (55.6) 1 (5.6)

Values are presented as number (%).
eGFR, estimated glomerular filtration rate; Cr, serum creatinine; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization. 
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kidney injury. Previous studies revealed that the risk factors 

for acute kidney injury (AKI) after TACE are poor liver func-

tion, poor renal function, and use of nephrotoxic agents.10,15 

As AKI in HCC patients undergoing TACE is related to 

higher mortality and permanent renal dysfunction,15 physi-

cians must be aware of the use of nephrotoxic drugs when 

treating these patients. The results of our study can give evi-

dence when choosing the antiviral agent for HCC patients.

Previous studies evaluating the renal toxicities of antiviral 

agents have shown that considerable time elapses before the 

occurrence of renal adverse events. One study in HIV pa-

tients revealed a long time gap from the initiation of the TDF 

treatment to significant renal adverse events. In that study, 

progression of significant nephrotoxicity occurred 4 to 5 

years following TDF treatment.16 We assume that in our 

study, the duration of TDF exposure was not enough to 

cause renal adverse events in HCC patients undergoing 

TACE treatments, because the life expectancy of these pa-

tients is significantly shorter than that of CHB patients with-

out HCC. Therefore, there was no difference in renal adverse 

events between the TDF and ETV groups. The HCC patients 

undergoing TACE are at an increased risk of AKI and the 

cause of kidney injury is variable as seen in Table 5. As there 

was no risk of nephrotoxicity with TDF treatment, we can 

also suppose that TDF use does not cause synergetic kidney 

injury when HCC patients undergoing TACE exhibit these 

kinds of renal injuries. 

The limitations of this study are the retrospective nature of 

the design, being a single center study, and the small sample 

size. To remove potential bias, we selected TDF or ETV 

monotherapy patients, and this exclusion criterion caused a 

substantial decrease in the study population. In addition, it 

was difficult to judge the cause of AKI in TACE-treated HCC 

patients, as these patients were exposed to multiple potential 

nephrotoxic treatments. 

In conclusion, TDF has comparable safety to that of ETV 

for patients undergoing TACE. The results of our study can 

aid clinicians when choosing between TDF and ETV treat-

ment in HCC patients. However, further long-term study 

needs to be performed.
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