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ABSTRACT 

 

Background & Aims: Tenofovir disoproxil fumarate (TDF) is a first-line treatment for 

chronic hepatitis B (CHB). We aimed to describe the efficacy and safety profiles of TDF 

treatment for up to 10 years in a well-described cohort of CHB patients. 

 

Methods: Hepatitis B e antigen (HBeAg)-negative and HBeAg-positive patients from two 

randomised, double-blind trials (ClinicalTrials.gov: NCT00117676 and NCT00116805) 

completed 48 weeks of randomised treatment with TDF or adefovir dipivoxil. A subset of 

these patients was then eligible to receive open-label TDF treatment for up to 10 years. At 

Year 10, patients were assessed for virological suppression, alanine aminotransferase (ALT) 

normalisation, serological response, safety, and tolerability. 

 

Results: Of 641 randomised and treated patients, 585 (91%) entered the open-label 

extension phase with 203 (32%) patients completing Year 10 of the study. At Year 10, 

118/118 (100%) of HBeAg-negative patients and 78/80 (98%) of HBeAg-positive patients 

with available data achieved hepatitis B virus (HBV) DNA <69 IU/mL, while 88/106 (83%) 

and 60/77 (78%) patients achieved ALT normalisation, respectively. Of the 23 patients with 

HBeAg status available at Year 10, 12 (52%) and six (27%) experienced HBeAg loss and 

seroconversion, respectively. No resistance to TDF was documented up to Year 10. In the 

period between Year 8 and Year 10, the safety profile of TDF was similar to previous 

reports, with few patients experiencing renal- or bone-related adverse events.   

 

Conclusions: Over 10 years, TDF had a favourable safety profile, was well tolerated, and 

resulted in continued maintenance of virological suppression with no documented resistance.  

 
 

 

KEY WORDS 

TDF, hepatitis B, long-term 
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LAY SUMMARY  

Since treatment options for chronic hepatitis B (CHB) can only control replication of the 

hepatitis B virus, rather than result in cure, the majority of CHB patients require lifelong 

treatment to continually suppress viral replication and prevent progression to chronic liver 

disease or hepatocellular carcinoma. Therefore, long-term data on therapies for CHB are 

highly valuable. Results from this study demonstrate that tenofovir disoproxil fumarate 

treatment for up to 10 years is well tolerated, effectively suppresses viral replication, and 

leads to sustained biochemical, serological, and clinical responses with no detectable 

resistance 

 

INTRODUCTION 

Chronic hepatitis B (CHB) infection is an important global health threat and a major cause of 

cirrhosis and hepatocellular carcinoma (HCC) worldwide.1 While treatment with currently 

available agents does not result in a functional cure of CHB, i.e. sustained loss of hepatitis B 

surface antigen (HBsAg) with or without seroconversion to hepatitis B surface antibody 

(anti-HBs), in the majority of instances, long-term oral antiviral therapy suppresses hepatitis 

B virus (HBV) replication which leads to slowing or prevention of disease progression.2,3 A 

number of effective oral antiviral agents are available for the treatment of CHB, with 

entecavir (ETV), tenofovir disoproxil fumarate (TDF), and, more recently, tenofovir 

alafenamide (TAF), being the current antiviral treatments recommended by most major 

guidelines.1–3  

 

Previously, data from two multicentre, randomised, double-blind, Phase 3 studies, which 

enrolled 641 patients, showed TDF to have superior antiviral efficacy compared with that of 

adefovir dipivoxil (ADV) over 48 weeks of treatment in both hepatitis B e antigen (HBeAg)-

negative and HBeAg-positive patients. After the randomised phase of this study, patients 

were able to either continue on open-label TDF or were switched from ADV to open-label 

TDF for a planned additional 7 years.4 Analyses conducted at Year 5 showed that viral 

suppression was achieved in 65% (160/248) and 83% (291/350) of HBeAg-positive and 

HBeAg-negative patients, respectively (modified intention-to-treat [mITT], missing equal to 

failure/addition of emtricitabine [FTC] equal to failure) with 97% and 99% of these patients 

who had remained on treatment achieving HBV DNA <69 IU/mL at this time point. 

Importantly, improvement in liver fibrosis was achieved after 5 years of treatment in 51% of 

patients, with 74% (71/96) of patients with cirrhosis at baseline showing reversal of 

cirrhosis.5 After 8 years of treatment, 58% (139/241) and 75% (261/348) of HBeAg-positive 
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and HBeAg-negative patients achieved HBV DNA <69 IU/mL (mITT), respectively. By 

Kaplan–Meier analysis, rates of HBsAg loss were 13% and 1%, respectively while 32% and 

21% of HBeAg-positive patients experienced loss of HBeAg and seroconversion, 

respectively.6 Treatment was well tolerated and there was a low incidence of renal events in 

these analyses.4,5 

 

Just before completion of the Year 8 analysis, both study protocols were amended to extend 

open-label TDF treatment for two additional years (i.e. to Year 10) which allowed a subset 

of patients (i.e. those who consented to participate prior to reaching the Year 8 endpoint) to 

continue treatment. Here we describe long-term experience with TDF in the cohort of 

patients who received continuous therapy for up to 10 years. 

 

METHODS 

The designs of the two randomised, controlled studies, GS-US-174-0102 (NCT00117676; 

Study 102) and GS-US-174-0103 (NCT00116805; Study 103), have been described 

previously.4 Briefly, the studies enrolled HBeAg-negative (Study 102) or HBeAg-positive 

(Study 103) CHB patients (18–69 years of age) with compensated liver disease and Knodell 

necroinflammatory score ≥3.4,7 Patients were randomised 2:1 to receive TDF 300 mg once 

daily or ADV 10 mg once daily. After 1 year of treatment, all patients entered the open-label 

phase where they were either switched to or continued on TDF for an additional 7 years 

(384 weeks total duration). The follow-up period for these studies was subsequently 

extended to 10 years (480 weeks) for the subset of patients who had consented to continue 

treatment. FTC could also be added to the treatment regimen, at the discretion of the 

investigator, if a patient experienced confirmed detectable HBV DNA on or after 1.5 years 

(Week 72). All patients gave their written informed consent before any procedures were 

performed. This study was also approved by independent ethics committees or institutional 

review boards at the study sites, in accordance with the principles stated in the Declaration 

of Helsinki.   
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Outcomes 

Efficacy assessments at Year 10 included the proportion of patients with plasma HBV 

DNA <69 IU/mL (<400 copies/mL) and the proportion of patients with plasma HBV 

DNA <29 IU/mL (<169 copies/mL; the lower limit of quantification of the COBAS TaqMan 

assay). Biochemical and serological responses were assessed as previously described.4 

Biochemical response was defined as normal alanine aminotransferase (ALT) levels (≤34 

IU/mL for women and ≤43 IU/mL for men) at the end of follow-up in patients with baseline 

ALT values above the upper limit of normal (ULN). Serological endpoints included serum 

HBeAg loss and seroconversion (HBeAg-positive patients), and serum HBsAg loss and 

seroconversion to anti-HBs. Patients with confirmed HBsAg loss or seroconversion could stop 

treatment at the investigator’s discretion, provided they remained on follow-up. Resistance 

testing was performed by population sequencing of the HBV reverse transcriptase (HBV 

pol/RT) and was conducted annually or at the time of early study drug discontinuation for 

patients with HBV DNA ≥69 IU/mL. Phenotyping was performed in these patients to confirm 

findings for conserved site changes occurring in at least one patient and any polymorphic 

site change in more than one patient as previously described.6 

 

Safety and tolerability assessments including adverse events (AEs), treatment 

discontinuations, and patient deaths were conducted throughout the study and cumulatively 

reported for those occurring during the open-label phase. Predefined renal endpoints 

included confirmed (upon re-testing) creatinine clearance <50 mL/min, serum creatinine 

≥0.5 mg/dL above baseline, and serum phosphate <2 mg/dL. 

 

Statistical analysis 

Virological and biochemical responses for the total study period were assessed using on-

treatment (observed) analysis, in which patients with missing data were excluded from the 

analysis and patients who had FTC added were included. This descriptive approach was 

deemed most appropriate given the high attrition rate for subjects after Year 8, which was 

due mostly to lack of consent to extend participation for an additional 2 years.  
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RESULTS 

Patient disposition 

A total of 203/641 (32%) HBeAg-positive and HBeAg-negative patients who were initially 

randomised and treated remained in the study at Year 10 (Figure 1). The most frequent 

reasons given for discontinuation over the whole study period were withdrawal of consent 

(n=94); loss to follow-up (n=56); investigator decision (n=33); and safety, tolerability, or 

efficacy reasons (n=28). More than one reason for discontinuation was possible. In these 

clinical trials, the yearly withdrawal rate related to investigator decision and safety, 

tolerability, or efficacy reasons and was approximately 1% regardless of the period of 

treatment. During the entire study period, ten patients discontinued treatment following 

HBsAg or HBeAg seroconversion; including two during the randomised phase and eight 

during the open-label phase (on or before Year 8 [Week 384]). 

 

Virological response 

In patients who remained on TDF treatment at Year 10, 198 had virological data available. 

High rates of HBV DNA suppression to <69 IU/mL and <29 IU/mL (99% with both cut-offs) 

were achieved, including 100% of HBeAg-negative patients and 97.5% of HBeAg-positive 

patients (Table 1).  

 

Biochemical response 

At Year 10, of the 183 patients with data available, normal ALT levels were observed in 81% 

of patients (83% and 77% in HBeAg-negative and HBeAg-positive patients, respectively) 

(Table 1). Of the 203 patients completing Year 10 of the study, 25.5% had ALT levels 

persistently <ULN throughout the entire follow-up period and 74.5% had some increase in 

ALT (generally transient and mild). Of the patients included in the 10-year follow-up 

analyses, 93% of patients (n=188) had abnormal ALT levels at baseline. Of these, 52% had 

normal body mass index (<25 kg/m2); 33% were overweight (≥25 to ≥30 kg/m2); and 15% 

were obese (>30 kg/m2) at baseline, respectively.  

 

Serological response 

HBeAg status was available in 23 patients (initially HBeAg-positive) who remained on 

treatment at Year 10. HBeAg loss and seroconversion was achieved by 52% (12/23) and 

27% (6/22) of patients, respectively. HBsAg loss was observed in four HBeAg-positive 

patients and four HBeAg-negative patients during the 10-year study period; all were non-

Asian with either HBV genotype A or D infection. Transient HBsAg loss was observed in four 
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additional patients whose HBsAg levels were low and fluctuated throughout the study 

period.  

 

Resistance analysis 

Viral resistance surveillance was conducted annually and the sequence analysis for the 88 

patients that qualified at one or more time points through Year 8 have been previously 

described.6 Five HBeAg-positive patients and three HBeAg-negative patients qualified for 

sequence analysis during Year 9, with seven of the eight patients achieving HBV DNA <69 

IU/mL at Year 10, and one patient discontinuing with no sequence change in the HBV 

pol/RT from baseline. During Year 10, four HBeAg-positive patients qualified; one had 

polymorphic site changes and three had no sequence changes in the HBV pol/RT from 

baseline.   

 

Safety analysis  

A summary of safety findings during the open-label period (cumulative) is shown in Table 2. 

Of the 585 patients who entered the open-label phase, 11 patients (2%) withdrew due to 

AEs. Seven out of the 11 patients withdrew due to AEs that were related to the study drug. 

Reasons for discontinuation (in some cases multiple) for these patients included fatigue 

(n=1), increased blood creatine phosphokinase (n=1), abdominal pain (n=1), increased 

blood creatinine (n=1), breast cancer (n=1), disturbance in attention (n=1), dizziness 

(n=1), drug dependence (n=1), endometrial cancer (n=1), HCC (n=1), nausea (n=1), 

osteoporosis (n=1), and septic shock (n=1). Over the 10-year study period, HCC occurred in 

17 patients, with four cases occurring between Years 6 and 10. Of these four patients, two 

were cirrhotic at baseline. By Year 10, 18 deaths had occurred (none were considered study 

drug related). Causes of death were non-liver carcinoma (n=10), HCC (n=4), cardiovascular 

disease (n=2), and motor vehicle accident (n=2).  

A total of 41 fractures occurred in 34 patients; 18 had signs of osteopenia or osteoporosis in 

parts of the hip or spine; however, only four reports of osteoporosis as an AE were 

recorded. Of the patients who reported osteoporosis as an AE, three were male and one 

female, their ages ranged from 29–63 years, and all had renal parameters within the normal 

range. Overall, no clinically relevant bone loss was observed during the 4-year follow-up 

period. 
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DISCUSSION  

Our analysis confirms the long-term efficacy of TDF in patients with CHB. The analysis 

includes data from patients who had been treated for up to 10 years with TDF and is the 

only study with such long-term follow-up of treated CHB patients. TDF treatment resulted in 

high levels of virological suppression and was well tolerated with few discontinuations 

related to AEs. In addition, no resistance to TDF was documented and no new safety signals 

were identified after 10 years.  

 

HBsAg loss is considered to be the ideal endpoint of therapy because it indicates 

suppression of both HBV replication and viral protein expression and is, therefore, 

associated with better clinical outcomes.8 Unfortunately, HBsAg loss is achieved infrequently 

with the currently available anti-HBV agents, including TDF.3 In this long-term cohort 

analysis, the number of patients experiencing HBsAg loss was low at the end of follow-up 

(4%), but included both baseline HBeAg-positive (n=4) and HBeAg-negative (n=4) patients. 

Other study groups have reported similar low rates of HBsAg loss when treating with 

different oral antiviral agents (such as ETV and telbivudine) for 4–5 years, including rates of 

1.4–5.2% in HBeAg-positive patients and 0.6–4.6% in HBeAg-negative patients.9–11  

 

More rapid rates of HBsAg decline have been reported with combinations of nucleos(t)ide 

analogue (NA) + pegylated interferon (PEG-IFN) and higher rates of HBsAg loss have been 

also been reported at Week 72 with TDF + PEG-IFN combination therapy compared with 

TDF or PEG-IFN alone (9.1% vs 0% and 2.8%, respectively).12,13 However, given the lack of 

long-term follow-up to assess the potential for higher rates of HBsAg loss with combination 

strategies, the present data are insufficient to support such a change in clinical treatment 

strategy.13 Other combination therapy approaches have not increased rates of HBsAg loss 

substantially.14–16 

 

As rates of HBsAg loss with NAs are low, sustained virological suppression (defined here as 

HBV DNA levels <29 IU/mL) is the most clinically relevant endpoint because it is associated 

with prevention of disease progression.3 In this study, HBV DNA levels were regularly 

assessed over 10 years (every 4 weeks to Week 48, every 8 weeks to Week 96, and every 

12 weeks thereafter). This is consistent with the 2017 EASL guidelines which recommend 

that during the first year of treatment, serum HBV DNA should be determined at least every 

3–4 months and every 6–12 months thereafter.3 Over the 10 years that this study was 

conducted, HBV DNA levels were consistently supressed below 29 IU/mL. These data, in 
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combination with previous studies that show no evidence of resistance to long-term TDF 

therapy, suggest that in adherent patients on TDF therapy, annual or biannual HBV DNA 

testing may potentially be sufficient.6,17 This may be of particular relevance in resource-

limited settings.  

 

Regression of cirrhosis and prevention of HCC were also important clinical outcomes in these 

long-term TDF studies. A previous analysis of the studies reported here provided pivotal 

data that demonstrated regression of fibrosis and reversal of cirrhosis in virologically 

suppressed patients during TDF therapy at Year 5, and that the incidence of HCC was 

reduced compared with predicted rates using the REACH-B calculator.5,18 Throughout this 

10-year study, rates of HCC remained low and no patients underwent liver transplantation. 

Of the 17 patients who developed HCC, 12 had baseline Ishak fibrosis scores between 4 and 

6 indicating that they had advanced fibrosis or cirrhosis at baseline. However, it is known 

that the presence of macronodular cirrhosis can be underestimated.19 There are many risk 

factors associated with the development of HCC, but the presence of cirrhosis is the most 

prominent.20 Although the risk of developing HCC in this study was low, there is still a need 

for ongoing surveillance, especially in those patients with initially bridging fibrosis or 

cirrhosis. 

 

ALT levels are commonly used as an indicator of liver function in patients with CHB,21,22 with 

elevated ALT levels often indicating serious liver disease.23 Previous analyses suggest that 

oral antiviral therapy leads to ALT normalisation in the majority of patients,4,10,11 an outcome 

shown to result in a lower risk of subsequent hepatic events compared with patients with 

continually elevated ALT levels.22 ALT normalisation can be affected by a variety of factors 

including sex, body mass index (BMI), hepatic steatosis and presence of metabolic 

syndrome.23,24 In our analysis, 81% of patients achieved ALT normalisation, with the 

presence of hepatic steatosis assumed to be the cause of continually elevated ALT in some 

patients.   

 

This study adds to the considerable amount of data demonstrating the well-tolerated safety 

profile of TDF,3, 25, 26 however changes in renal function were reported in some patients. 

5.1% of patients experienced renal impairment over the 10-year period, which is within the 

range previously reported for NA therapies (2–7%).16, 26, 27 The renal effects observed during 

TDF treatment have been attributed to the accumulation of tenofovir (TFV) within proximal 

tubular cells following oral administration.28  It is therefore recommended that patients 
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treated with TDF undergo periodical renal monitoring. Patients with decompensated 

cirrhosis, hypertension, proteinuria, diabetes mellitus, active glomerulonephritis and those 

receiving concomitant nephrotoxic drugs or solid organ transplantation have an increased 

risk of renal impairment and therefore close monitoring is required in these patients, 

regardless of the prescribed treatment.3  

 

TAF, a prodrug of TFV, has now been designed to optimise delivery of active TFV to 

hepatocytes and thus reduce systemic exposure to TFV.29,30 Recent publications show that 

renal safety profiles are improved with TAF compared with TDF after 1 year of treatment.31, 

32  

 

With regards to bone mineral density (BMD), patients with CHB have been shown to be at 

greater risk of developing osteoporosis than matched non-HBV-infected controls.33, 34 

Therefore, the previously reported changes in BMD with TDF therapy, although small 

(≤2%), suggest that BMD should be serially assessed.5 The long-term safety assessment of 

TDF in these two studies included measurement of BMD between Years 4 and 8 and showed 

little further decline in this parameter. Unfortunately, lacking baseline assessments of BMD, 

the changes we previously reported are difficult to interpret.16 We observed single or 

multiple bone fractures in 34 patients, however only four reports of osteoporosis as an AE 

were recorded.  

 

Our analysis has some limitations including that only one-third of patients originally 

randomised remained in the study at Year 10 and the population was pre-selected by virtue 

of an amendment to the study protocol. However, despite the substantial attrition of 

patients at Year 8, this remains the largest long-term controlled trial of antiviral therapy, 

including TDF use, in patients with CHB.  

 

In conclusion, in this study, which included the longest follow-up period of CHB patients 

treated with oral antiviral agents to date, we show that long-term TDF treatment for up to 

10 years was well tolerated and effectively suppressed viral replication without development 

of resistance in patients with CHB. 
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FIGURES 

Figure 1: Patient disposition  

 

 

 

TABLES 

 

Table 1: Virological, biochemical, and serological responses to TDF in patients on 

treatment at Year 10† 

 

 HBeAg status All 

HBeAg-negative‡ HBeAg-positive§  

HBV DNA <69 IU/mL, % (n/N) 100 (118/118) 97.5 (78/80) 99.0 (196/198) 

HBV DNA <29 IU/mL, % (n/N) 100 (118/118) 97.5 (78/80) 99.0 (196/198) 

ALT normalisation, % (n/N) 83.0 (88/106) 77.9 (60/77) 80.9 (148/183) 

HBeAg loss, % (n/N) – 52.2 (12/23) 52.2 (12/23) 

HBeAg seroconversion, % (n/N) – 27.3 (6/22) 27.3 (6/22) 

HBsAg loss, % (n/N) 3.4 (4/117) 4.9 (4/81) 4.0 (8/198) 

 

ALT: alanine aminotransferase; HBeAg: hepatitis B e antigen; HBV: hepatitis B virus; HBsAg: hepatitis 

B surface antigen 
† Patients with missing data were excluded and patients with emtricitabine added to their treatment 

regimen were included in the analysis 
‡ HBeAg-negative patients enrolled in Study 102 
§ HBeAg-positive patients enrolled in Study 103 
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Table 2: Cumulative safety profile of TDF in HBeAg-negative and HBeAg-positive 
patients participating in the open-label extension period up to Year 10 

 By initial treatment assignment All 

 

n=585† 

 TDF-TDF 

n=389 

ADV-TDF 

n=196 

Patients who discontinued due to AEs, n (%) 10 (2.6)  1 (0.5)  11 (1.9)  

Study drug-related serious AEs, n (%) 5 (1.3)   2 (1.0)  7 (1.2) 

Study drug-related Grade 3 or Grade 4 AEs, n (%) 3 (0.8)  3 (1.5)  6 (1.0)  

Deaths, n (%) 13 (3.3)  5 (2.6)  18 (3.1)  

Overall patients with HCC,‡,§ n (%) 

 HCC patients with histological cirrhosis at 

 baseline,¶ n (%) 

 HCC during OL Year 1, n 

 HCC during OL Year 2, n 

 HCC during OL Year 3, n 

 HCC during OL Year 4, n 

 HCC during OL Year 5, n 

 HCC during OL Year 6, n 

 HCC during OL Year 7, n 

 HCC during OL Year 8, n 

 HCC during OL Year 9, n 

 HCC during OL Year 10, n 

11 (2.8) 

 

5 (45.5) 

2 

4 

2 

2 

0 

1 

0 

0 

0 

0 

6 (3.1) 

 

4 (66.7) 

0 

0 

0 

2 

1 

1 

0 

0 

2 

0 

17 (2.9) 

 

12/17 (70.6) 

2 

4 

2 

4 

1 

2 

0 

0 

2 

0 

Renal impairment, n (%) 

 Serum creatinine increase of 0.5 mg/dL 

           from baseline 

 Creatinine clearance <50 mL/min 

 Serum phosphate <2 mg/dL 

 

 

9 (2.3) 

4 (1.0) 

6 (1.5) 

 

 

4 (2.0) 

3 (1.5) 

4 (2.0) 

 

 

13 (2.2) 

7 (1.2) 

10 (1.7) 

 

ADV: adefovir dipivoxil; AE: adverse event; HBeAg: hepatitis B e antigen; HCC: hepatocellular 

carcinoma; OL: open-label extension period; TDF: tenofovir disoproxil fumarate 
† Includes all subjects in the open-label safety analysis set (post-Week 48) 

‡ MedDRA Preferred Terms for HCC were: hepatobiliary neoplasm, mixed hepatocellular 

cholangiocarcinoma, liver carcinoma ruptured, hepatic cancer metastatic, hepatic cancer stages I–IV, 

hepatoblastoma, hepatic angiosarcoma, hepatic cancer, hepatocellular carcinoma, hepatobiliary 

cancer, hepatobiliary cancer in situ, hepatic neoplasm, hepatic neoplasm malignant, hepatobiliary 

neoplasm, hepatoblastoma recurrent and hepatic cancer recurrent 
§ There were three patients who had multiple HCC outcomes in the data set. They are only counted 

once in the table (the earliest outcome) since it is not clear if these are HCC recurrences. There was 

also one subject who had an HCC event during treatment-free follow-up analysis who was not 

included in the table above 
¶ Cirrhosis was defined as Ishak score of 6 
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SUPPLEMENTARY APPENDIX 

 

Supplementary Figure 1. Kaplan-Meier analysis for survival probability of 17 HCC 
patients 
[see separate Supplementary Figure File] 

 

Supplementary Table 1. Demographic and baseline characteristics of the patients 

who completed Year 10 of treatment and patients who did not complete Year 10 

[see separate Supplementary File] 

 

 
 

 


