
Shou-Wu Lee,  Teng-Yu Lee, Sheng-Shun Yang, Hong-Zen Yeh, 
Chi-Sen Chang, Division of Gastroenterology, Department of 
Internal Medicine, Taichung Veterans General Hospital, Taichung, 
Taiwan  
Shou-Wu Lee, Teng-Yu Lee, Chi-Sen Chang, Department of 
Internal Medicine, Chung Shan Medical University, Taichung, 
Taiwan
Sheng-Shun Yang, Hong-Zen Yeh, Department of Internal 
Medicine, National Yang-Ming University School of Medicine, 
Taipei, Taiwan
Correspondence to: Shou-Wu Lee, MD, Division of 
Gastroenterology, Department of Internal Medicine, Taichung 
Veterans General Hospital, Taichung 1650, Taiwan; Boulevard, Sec. 
4, Taichung 40705, Taiwan
Email: ericest@vghtc.gov.tw
Telephone: +886-4-23592525       Fax: 886-4-23595046          
Received: December 22, 2015         Revised: March 14, 2016
Accepted: March 18, 2016
Published online: April 21, 2016 

ABSTRACT
AIM: Chronic infection with hepatitis B virus (CHB) is a 
worldwide disease. The aim of this study was to evaluate the 
treatment efficacy and renal tolerability of Tenofovir disoproxil 
fumarate (TDF) in patients with CHB. 
METHODS: Data from patients were retrospectively collected 
from January 2012 to September 2014. The inclusion criteria 
included CHB, high serum HBV DNA, high serum alanine 
aminotransferase (ALT), and persistent use of TDF for at least one 
year. The exclusion criteria included HCV or HIV coinfection. The 
therapeutic efficacy was recorded at screening and every 6 months 
thereafter. 
RESULTS: Among all 100 enrolled subjects, 28 and 24 patients 
were HBe-positive and treatment-experienced, respectively. The 
2-year biochemical response (ALT less than 40 U/L) was 95% to 
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100%, virologic response (HBV DNA < 20 IU/mL) was 86% to 
98%, and serologic response (HBeAg seroloss) was 33%. No cases 
with HBsAg clearance were detectable. No significant difference 
existed between treatment-naïve and -experienced patients, but 
those with positive HBe had a poor virological response compared 
with the negative HBe group (P = 0.043). There was no significant 
change in renal function. 
CONCLUSION: TDF treatment was considered as a efficient, safe 
and well tolerated therapy to CHB individuals. 

© 2016 The Authors. Published by ACT Publishing Group Ltd.
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BACKGROUND
Chronic infection with hepatitis B virus (HBV) results in 
substantial morbidity and mortality worldwide. It is estimated that 
400 million people worldwide are affected by chronic Hepatitis B 
(CHB) infection[1]. Persistent HBV replication with active hepatitis 
leads to disease progression, including cirrhosis, liver failure, 
and hepatocellular carcinoma (HCC)[2]. Treatments that suppress 
viral replication forestall disease progression[3]. Oral antivirals can 
effectively suppress viral replication. Tenofovir disoproxil fumarate 
(TDF), the oral prodrug of tenofovir, is a nucleotide analogue with 
potent activity against HBV DNA polymerase. The agent was 
approved by the US Food and Drug Administration (FDA) for 
the firstline treatment of CHB on the basis of acceptable Phase III 
clinical study results. Furthermore, current guidelines recommend 



that the most potent drugs with optimal resistance profiles, such as 
TDF and entecavir (ETV) should be used as firstline monotherapies 
in CHB[4,5]. However, nephrotoxicity may be a potential concern 
with TDF, based on evidence from postmarketing surveillance of 
patients receiving TDF for human immunodeficiency virus (HIV) 
infection[6]. Therefore, accumulating data from observational real-
life cohort studies have added considerably to our understanding of 
the efficacy and safety profiles of TDF. The aim of this study was 
to evaluate the treatment efficacy and renal tolerability of TDF in a 
Chinese population with CHB infection.

MATERIALS AND METHODS
Data from patients at Taichung Veterans General Hospital were 
retrospectively collected from January 2012 to September 2014. 
The enrolled individuals had been diagnosed with CHB (defined 
as a positive serum hepatitis B surface antigen (HBsAg) test for at 
least 6 months), high serum HBV DNA ( > 20000 IU/ml in HBe-
positive cases and > 20000 IU/ml in HBe-negative ones), high 
serum alanine aminotransferase (ALT) at screening ( > 2-fold upper 
normal limit. The definition of upper normal limit of ALT was 
50 U/L in men and 35 U/L in women), and had persistently taken 
TDF for at least one year. The exclusion criteria included hepatitis 
C virus (HCV) or HIV coinfection. These cases were further 
classified according to the presentation of hepatitis B e antigen 
(HBeAg) (HBe-positive and -negative), and prior treatment history 
(treatment-naïve and -experienced). The therapeutic efficacy, 
including serum ALT, HBV DNA levels, and the portion of patients 
with HBeAg or HBsAg loss, were recorded at screening and every 
24 weeks (6 months) thereafter. The biochemical, virological, and 
serological responses were defined as serum ALT < 40 U/L, HBV 
DNA < 20 IU/ml and HbeAg loss, respectively. The renal function 
and serum creatine level were also recorded at the next follow-up 
visit of each subject.
    The method of HBV DNA quantification in our study is using 
real-time PCR (Cobas AmpliPrep/Cobas TaqMan HBV Test). 
Data including gender, positive ratio of HBe-positive or negative, 
treatment naïve status, and concurrent cirrhosis or HCC at screening 
are expressed as percentages of the total patient number. Statistical 
comparisons were made using Pearson’s chi-square test to compare the 
positive ratio of therapeutic responses of each group. Independent t test 
was used to analyze the changes in serum creatinine level. A P-value 
below 0.05 was considered statistically significant.

RESULTS
From January 2012 to September 2014, 100 subjects were enrolled 
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in this study. The characterisics of these cases are listed in Table 
1. The mean age of these individuals was 51.1 years old, and male 
predominance (65%) was noted. Among these patients, 28 cases 
were Hbe-positive, and 72 were HBe-negative. There were 74 
and 26 subjects belonged to HBV genotype B and C respectively. 
Furthermore, 76 and 24 patients were treatment-naïve and 
-experienced, respectively. Among the 24 treatment-experienced 
subjects, there were 5, 11, 7 and 1 cases having previous treatments 
with lamivudine, entecavir, telbivudine, and pegylated interferon 
respectively. The mean HBV DNA level was higher in the HBe-
positive patients (mean HBV DNA 9.1 × 107 IU/mL) than in the 
HBeAg-negative patients (mean HBV DNA 1.5 × 107 IU/mL). 
There were 13 and 10 cases with cirrhotic liver and HCC at 
screening, which diagnosed with typical ultrasound or computed 
tomography (CT) images. 
    The biochemical responses between HBe-positive and -negative 
cases, or between prior treatment-naïve and -experienced cases, are 
displayed in Figures 1 and 2, respectively. The ratio of biochemical 
response at 48 weeks was 85.7% in HBe-positive patients, 84.7% 
in HBe-negative patients, 86.8% in treatment-naïve patients, and 
79.2% in treatment-experienced patients. At 96 weeks, 100%, 
96%, 98%, and 95% of the biochemical reponse rate was noted in 
HBe-positive, -negative, treatment-naïve, and -experienced cases, 

Table 1 Baseline characteristics of enrolled subjects.
N = 100

Mean follow-up times (months) 21.2 (12-24)
Median Age (years) 51.1 (19-78)
Male (%) 65 (65%)
HBeAg status (%) HBeAg+ 28 (28%)

HBeAg- 72 (72%)
HBV genotype B 74 (74%)

C 26 (26%)
Treatment naïve (%) 76 (76%)
Mean HBV DNA (IU/mL) HBeAg+ 9.1 × 107

HBeAg- 1.5 × 107

Mean ALT (U/L) 357.4 (50-3378)
Cirrhosis (%) 13 (13%)
HCC (%) 10 (10%)
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Figure 1 The biochemical responses between HBe-positive and -negative 
patients.
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Figure 2 The virologic responses between HBe-positive and -negative 
patients.
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respectively. There were no significant differences among these 
groups.
    The virological responses are shown in Figures 3 and 4, 
respectively. The rate of virological response at 48 weeks was 
53.6% in HBe-positive patients, 86.1% in HBe-negative patients, 
75% in treatment-naïve patients, and 83.3% in treatment-
experienced patients. The overall virological response after 48 
weeks of TDF treatment was 77%. At 96 weeks, 85.7%, 97.9%, 
94%, and 95% of the virological response rates were noted in 
HBe-positive, -negative, treatment-naïve, and -experienced cases, 
respectively. The overall virological response at 96 weeks was 
96%. There were no differences between treatment-naïve and 
-experienced cases, but the individuals with positive HBe had a 
significanly lower virological reponese rate than those with negative 
HBe (P = 0.001 at 48 weeks, P = 0.043 at 96 weeks).
    The serological response among the HBe-positve subjects is 
displayed in Figure 5. There were 3 patients (11.1%) who achieved 
HBeAg loss at 48 weeks, and 5 cases (33.3%) at 96 weeks. There 
were no differences between cases with prior treatment and those 
without. No HBsAg clearance was detectable among all enrolled 
cases in our study.
    The date of renal function of our patients is shown in Figure 
6. The level of serum creatine level was 0.79 ± 0.23 mg/dL at 

baseline, 0.86 ± 0.24 mg/dL at 48 weeks, and 0.84 ± 0.19 mg/dL 
at 96 weeks. No additional dosage adjustment or cessation of TDF 
was needed. There was no significant change of renal function.

DISCUSSION
In our study with 100 enrolled subjects, the 2-year biochemical 
response was 95% to 100%, virologic response was 86% to 98%, 
and serologic response was 33%. No significant difference existed 
between treatment-naïve and -experienced patients, and there was 
no significant change in renal function.
    CHB is a major global health problem, and the goal of CHB 
treatment is to reduce viral replication, subsequent liver inflammation 
and fibrosis, and risk of developing cirrhosis and HCC.[1] The 
currently available antiviral treatment for CHB can be divided into 
two classes of therapeutic agents: nucleos(t)ide analogue (NUC), 
including lamivudine (LAM), telbivudine, entecavir, adefovir, 
tenofovir, and interferon (IFN)/pegylated interferon (PEG-IFN). 
The advantage of treatment with IFN/PEG-IFN is its predefined 
therapeutic period, but NUCs are more popular therapeutic agents 
based on clinical indication. Among the several NUCs available, 
potent antivirals without the propensity to select for resistance are 
desirable.
    TDF is the oral prodrug of tenofovir, with antiviral activities 
against HBV and HIV. The first multicenter phase III trials, studies 
102 (HBe-positve patients) and 103 (HBe-negative patients), were 

100

  80

  60

  40

  20

    0

1.0

0.9

0.8

0.7
Week 24         Week 48          Week 72         Week 96

e positive             21    6             18    6             15     5              5     5
e seroloss              0     1              2     1              2      1              3     2

%

Se
ru

m
 c

re
at

in
e

P = 0.714

P = 0.167

P = 0.051 P = 0.571

0.86 ± 0.24 0.84 ± 0.19

n = 96 n = 96 n = 66

0.79 ± 0.23P = 0.759P = 0.757P = 0.078

Figure 5 The serologic responses between treatment-naïve and 
-experienced patients.

Figure 6  The change of renal function of individusals underwent TDF.
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designed to continue assessing the safety and efficacy of TDF 
treatment[7-9]. After 48 weeks of TDF treatment, HBV DNA was less 
than 69 IU/ml in 93% of HBe-negative and in 76% of HBe-positive 
patients. No difference was found between patients previously treated 
with lamivudine and those that had not received this drug. The rate of 
HBeAg loss was 21%, and HBsAg was lost in five patients[7]. Further 
follow-up of HBe-negative cases for 96 weeks showed that TDF 
treatment was able to maintain suppressed HBV DNA levels in 78% 
of patients. The cumulative HBeAg seroconversion was 22.2%[8]. 
At week 144, 87% of HBe-positive and 72% of HBe-negative 
patients had levels of HBV DNA less than 69 IU/ml. Moreover, 
34% had lost HBeAg, and 8% of HBeAg-positive patients also lost 
HBsAg. Resistance to tenofovir was not detected in any patient[9]. 
Longer treatment with TDF was associated with greater HBV DNA 
negativization rates (98%-99%)[10]. Furthermore, in one prospective 
study including 641 patients, up to 5 years of treatment with TDF can 
lead to regression of hepatic fibrosis and cirrhosis[11]. 

    There have been a few real-life cohort studies on the therapeutic 
efficacy of TDF. One single-center cohort study, the King’s College 
Cohort, included 60 patients receiving firstline TDF treatment. 
HBeAg seroconversion over 12 months was reported in 7% of 
patients and no patients cleared HBsAg[12]. Another multicenter 
cohort study, the European cohort, conducted at 19 European centers, 
retrospectively and prospectively monitored 302 consecutive NUC-
naïve patients with CHB who received TDF for a median of 28 
months. HBeAg seroconversion was seen in 11 patients and HBsAg 
loss was seen in seven patients. No potentially resistance-associated 
mutations have been identified to date[13]. In a study in the United 
States which enrolled 333 consecutive treatment-naïve CHB patients 
for up to 12 months, twenty-eight of them received treatment with 
TDF. Furthermore, 82% of TDF-treated patients cleared HBV 
DNA, 5% achieved HBeAg seroconversion, and no patient cleared 
HBsAg[14]. Another prospective observational study that included 
400 TDF-naïve patients was performed in Germany and the 2-year 
data are available (GEMINIS study). Overall, 92% of patients 
achieved undetectable levels of HBV DNA, 20% achieved HBeAg 
seroconversion, and there was 5% loss in HBsAg in HBe-positive 
patients[15].
    The results of the above phase III/cohort studies and our study 
are summarized in Table 2. During the follow-up period in our 

enrolled cases, the 48-week overall biochemical response rate was 
95% to 100%, the virologic response rate was 86% to 98%, and 
the serologic response rate was 33%. Unsurprisingly, the virologic 
reponse was significantly worse in HBe-positive cases than in HBe-
negative cases in the initial period, which was similar to the results 
of previous studies[7,9,12,14]. A possible reasons for this phenomenon 
may be that HBe-positive cases usually have a higher HBV DNA 
viral load, so a longer therapuetic time tends to be needed to 
achieve an undetectable level. No subjects with HBsAg loss was 
noted in our study, and this might have been due to the relatively 
short observation period (mean follow-up time, 1.76 years), and a 
prolonged follow-up period is needed to confirm this result.
    Our result found similar responses between treatment-naïve 
and-experienced cases. A recently published study on long-term 
TDF treatment found no resistance detectable throughout a 7-year 
period[16]. Real-life studies have proven TDF retains significant 
activity against HBV virus in pretreated subjects with resistance to 
LAM, adefovir, or entecavir[17,18]. Our findings demonstrate that TDF 
provides a reasonable treatment modality not only for treatment-naïve 
HBV patients, but also for rescuing treatment-experienced cases with 
a high rate of genotypic resistance. 
    As previously mentioned, studies on HIV patients receiving 
TDF warn of the possiblity of renal function deterioration, but 
so far the problem appears to be less evident in HBV cases. The 
subjects in Study 103 had stable creatinine clearance rates over 
4 years, and less than 1% of patients had confirmed increases in 
creatinine level of 0.5 mg/dL[19]. One prospective cohort study in 
France, the VIREAL study, evaluated the renal tolerance of HBV 
patients who underwent TDF and found stable glomerular filtration 
rate (GFR) in both elderly and younger cases[20]. Other real-life 
cohort studies also had a similar finding[12,14]. The creatinine level of 
our patients showed a slight increase at 48 weeks (mean 0.86 mg/
dL) from baseline (mean 0.79 mg/dL), and then a decrease at 96 
weeks (mean 0.84 mg/dL), meaning damage of renal function from 
TDF was temporal and not life-threatening. The baseline serum 
creatinine level of our enrolled cases was normal, and our result 
support that TDF was safe when used in the individuals without 
baseline renal impairment. The outcome of TDF use in subjects 
with renal impairment was not determinted and should need further 
investigation.

Table 2 Summary of cohort studies on therapeutic efficacy of TDF.
Study 103 
(7-9)

Study 102 
(7,9)

King’s College 
Cohort (10)

European Cohort (11) United states 
Cohort (12)

German 
Cohort (13)

Our Cohort

Baseline characteristics
N 176 250 60 302 28 184 100
Mean age (years) 34 44 40 55 36 44 51.1
Male (%) 68% 77% 50% 74% 58% 69% 65%
HBeAg + (%) 100% 0% 33% 20% 100% 31% 28%
Treatment naïve (%) 100% 100% 100% 46% 76%
Cirrhosis (%) 20% 19% 23% 35% NR 11% 13%
Treatment efficacy
Median follow-op (years) Ongoing Ongoing 1 2.7 1 2 1.76
Virological response
Cutt-off (IU/mL) 69 69 60 12 100 69 20
Year 1 76% 93% 76% 84% (HBe+ 66%, HBe- 74%) 82% NR 77% (HB+ 53.6%, HBe- 86.1%)
Year 2 78% NR X 95% (HB+ 86%, HB-98%) X 92% 96% (HB+ 85.7%, HB- 97.9%)
Year 3 87% 72% X NR X X X
Serological response
Year 1 NR X 7% NR 5% NR 11.10%
Year 2 22.20% X X NR X 20% 33.30%
Year 3 34% X X 36% X X X
HBsAg loss (N) 8% NR 0 13% in HBe+ 0 5% in HBe+ 0

Lee SW et al . Tenofovir Disoproxil Fumarate treatment for chronic hepatitis B patients



2014

Martins EB, Yee LJ, Flaherty JF, Kitrinos KM, Rustgi VK, Mar-
cellin P. Efficacy of tenofovir disoproxil fumarate at 240 weeks 
in patients with chronic hepatitis B with high baseline viral load. 
Hepatology 2013; 58: 505-513.

11.	 Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, 
Washington MK, Germanidis G, Flaherty JF, Aguilar Schall R, 
Bornstein JD, Kitrinos KM, Subramanian GM, McHutchison JG, 
Heathcote EJ. Regression of cirrhosis during treatment with teno-
fovir disoproxil fumarate for chronic hepatitis B: a 5-year open-
label follow-up study. Lancet 2013; 381: 468-475.

12.	 Carey I, Nguyen H, Joe D, Al-Freah M, Knighton S, Bruce M, 
Suddle A, Harrison PM, Agarwal K. De-novo antiviral therapy 
with nucleos(t)ide analogues in real-life pateints with chronic 
hepatitis B infection: comparison of virological responses between 
lamivudine+adefovir, entecavir vs. tenofovir therapy. Hepatology 
2011; 54(Suppl 1): Abstract 1396.

13.	 Lampertico P, Soffredini R, Vigano M, Yurdaydin C, Idilman R, 
Papatheodoridis GV, Margariti K, Buti M, Esteban R, Zaltron S, 
Vavassori A, Carosi G, Minola E, Vinci M, Pinzello G, Giorgini 
AM, Zuin M, Salmi A, Del Poggio P, De Filippi F, Bruno S, Pa-
sulo L, Fagiuoli S, Andreoletti M, Colli A, Fumagalli Maldini 
F, Milanese M, Colombo A, Bellati GA, Angeli E, Magni CF, 
Gubertini GA, Rizzardini G, Fasano M, Santantonio T, Terreni 
MM, Spinzi P, Facchetti F, Invernizzi F, Colombo M. 2 year ef-
fectiveness and safety of tenofovir in 302 NUC-naive patients 
with chronic hepatitis B: a multicenter European study in clinical 
practice. Hepatology 2011; 54(Suppl 1): Abstract 1433.

14.	 Lin B, Ha NB, Liu A, Trinh HN, Nguyen HA, Nguyen KK, 
Ahmed A, Keeffe EB, Garcia RT, Garcia G, Nguyen MH. Low in-
cidence of hepatitis B e antigen seroconversion in patients treated 
with oral nucleos(t)ides in routine practice. J Gastroenterol Hepa-
tol 2013; 28: 855-860.

15.	 Petersen J, Heyne R, Mauss S, Schlaak J, Schiffelholz W, Eisen-
bach C, Hartmann H. Effectiveness of tenofovir for chronic hepa-
titis B in field practice-2 year interim results from the prospective 
German multicenter non-interventional study (GEMINIS). J 
Hepatol 2013; 58 Suppl 1: Abstract 768.

16.	 Buti M, Tsai N, Petersen J, Flisiak R, Gurel S, Krastev Z, Schall 
RA, Flaherty JF, Martins EB, Charuworn P, Kitrinos KM, Subra-
manian GM, Gane E, Marcellin P. Seven-year efficacy and safety 
of treatment with tenofovir disoproxil fumarate for chronic hepati-
tis B virus infection. Dig Dis Sci 2015; 60: 1457-1464.

17.	 Patterson SJ, George J, Strasser SI, Lee AU, Sievert W, Nicoll AJ, 
Desmond PV, Roberts SK, Locarnini S, Bowden S, Angus PW. 
Tenofovir disoproxil fumarate rescue therapy following failure of 
both lamivudine and adefovir dipivoxil in chronic hepatitis B. Gut 
2011; 60: 247-254.

18.	 Lim YS, Yoo BC, Byun KS, Kwon SY, Kim YJ, An J, Lee HC, 
Lee YS. Tenofovir monotherapy versus tenofovir and entecavir 
combination therapy in adefovir-resistant chronic hepatitis B pa-
tients with multiple drug failure: results of a randomised trial. Gut 
2015 Mar 23; [Epub ahead of print]

19.	 Heathcote EJ, Gane EJ, de Man RA, Chan S, George J, Tsai N, 
Marcellin P, Snow-Lampart A, Coombs DH, Mondou E, Anderson 
J. Long-term (4 year) efficacy and safety of tenofovir disoproxil 
fumarate (TDF) treatment in HBeAg positive patients with chronic 
hepatitis B (study 103). Hepatology 2010; 52(Suppl 1): Abstract 477.

20.	 Hezode C, Causse X, Larrey D, Ouzan D, Pageaux GP, Truchi 
R, Pauwels A, Guyader D, De L’edinghen V, Zoulim F, Zarski 
JP, Cadranel JF, Tilliet V, Libert1 O, Stern C, Marcellin P, Vireal 
Group.Virological response and tolerance of tenofovir DF (TDF) 
in the elderly is similar to younger patients in real life practice. J 
Hepatol 2013; 58 Suppl 1: Abstract 748.

Lee SW et al . Tenofovir Disoproxil Fumarate treatment for chronic hepatitis B patients

    There were some limitations in our study. First, this was a real-
life observational study and so was not retrospective in nature. 
Thus there was a lack of a standardized management protocol, and 
heterogeneity of the enrolled patients. Second, our study design 
included a relatively small number of cases and a short follow-
up period. Last, the early markers of renal impairment, including 
creatinine clearence, serum phosphorus, urine glucose and urinary 
protein, were not recorded in our study. Further long-term research 
in representative samples of the general population are needed to 
confirm these results.

CONCLUSION
TDF treatment was shown to be an efficient, safe, and well-
tolerated therapy for both treatment-naïve and -experienced CHB 
patients. HBe-positive subjects had a delayed virological response 
to TDF. 
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