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Abstract
AIM
To evaluate the long-term treatment outcomes of 
tenofovir therapy in patients in a real world Australian 
tertiary care setting.

METHODS
We performed a retrospective analysis of treatment 
outcomes among treatment-naïve and treatment-ex
perienced patients receiving a minimum 3 mo tenofovir 
therapy through St Vincent’s Hospital Melbourne, Australia. 
We included patients receiving tenofovir [tenofovir 
disoproxil fumarate (TDF)] monotherapy, as well as 
patients treated with TDF in combination with a second 
antiviral agent. Patients were excluded if they demon
strated human immune-deficiency virus/hepatitis C 
virus/hepatitis delta virus coinfection or were less than 18 
years of age. We considered virological and biochemical 
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response, as well as safety outcomes. Virological re
sponse was determined by measurement of hepatitis 
B virus (HBV) DNA using sensitive assays; biochemical 
response was determined via serum liver function tests; 
histological response was determined from liver biopsy 
and fibroscan; safety analysis focused on glomerular 
renal function and bone mineral density. The primary 
efficacy endpoint was complete virological suppression 
over time, defined by HBV DNA < 20 IU/mL. Secondary 
efficacy endpoints included rates of biochemical response, 
and HB e antigen (HBeAg)/HB surface antigen loss and 
seroconversion over time.

RESULTS
Ninety-two patients were identified who fulfilled the 
enrolment criteria. Median follow-up was 26 mo (range 
3-114). Mean age was 46 (24-78) years, 64 (70%) 
were male and 77 (84%) were of Asian origin. 55 
(60%) patients were treatment-naïve and 62 patients 
(67%) were HBeAg-negative. Complete virological 
suppression was achieved by 45/65 (71%) patients 
at 12 mo, 37/46 (80%) at 24 mo and 25/28 (89%) at 
36 mo. Partial virological response (HBV DNA 20-2000 
IU/mL) was achieved by 89/92 (96.7%) of patients. 
Multivariate analysis showed a significant relationship 
between virological suppression at end of follow-up 
and baseline HBV DNA level (OR = 0.897, 95%CI: 
0.833-0.967, P  = 0.0046) and HBeAg positive status (OR 
= 0.373, 95%CI: 0.183-0.762, P  = 0.0069). There was 
no difference in response comparing treatment-naïve 
and treatment-experienced patients. Three episodes of 
virological breakthrough occurred in the setting of non-
compliance. Tenofovir therapy was well tolerated.

CONCLUSION
Tenofovir is an efficacious, safe and well-tolerated treat
ment in an Australian real-world tertiary care setting. 
Our data are similar to the reported experience from 
registration trials. 

Key words: Tenofovir; Hepatitis B virus; Australia; Real-
life; Virological suppression; Chronic hepatitis B
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Core tip: Clinical trials have demonstrated that teno
fovir is a safe and efficacious treatment for patients with 
chronic hepatitis B, with high rates of sustained virological 
suppression. There are limited data evaluating the safety 
and efficacy of tenofovir in real-world settings. The aim 
of this study was to evaluate the long-term treatment 
outcomes of tenofovir therapy in patients in an Australian 
tertiary care setting. We performed a retrospective 
analysis of treatment outcomes among treatment-naïve 
and treatment-experienced patients.
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INTRODUCTION
Chronic hepatitis B (CHB) affects 240-400 million people 
around the world[1]. It is estimated that 218000 people 
in Australia live with CHB, a population prevalence of 
approximately 1%[2]. CHB is associated with the long-term 
complications of cirrhosis, liver failure and hepatocellular 
carcinoma (HCC), in 15%-40% of patients. CHB is one of 
the most common causes of HCC, the most rapidly rising 
cause of cancer deaths in Australia[3-5]. 

The goal of treatment for CHB is to improve survival 
by preventing disease progression to cirrhosis, liver 
failure and HCC[6]. This can be achieved by long-term 
suppression of hepatitis B virus (HBV) DNA levels[7-10]. In 
long-term follow-up, sustained virological suppression 
has been associated with histological improvement and 
regression of cirrhosis, as well as reduced risk of hepatic 
decompensation and HCC[6,11-14]. Surrogate endpoints used 
in clinical trials include rates of biochemical [serum alanine 
aminotransferase (ALT) < upper limit of normal (ULN)], 
virological (undetectable HBV DNA level), serological 
[HB e antigen (HBeAg)/HB surface antigen (HBsAg) 
loss ± seroconversion] and histological (improvements 
in necro-inflammatory grade and fibrosis stage) re
sponse[13]. Current therapies approved for CHB include 
peginterferon-alpha, lamivudine (LMV), adefovir (ADV), 
telbivudine, entecavir (ETV) and tenofovir (TDF).

Tenofovir is a nucleotide analogue (NA) recom
mended as first-line treatment for CHB. Tenofovir was 
first developed as an antiviral for the treatment of 
human immune-deficiency virus (HIV). The safety and 
efficacy of TDF for the treatment of chronic HBV infection 
was confirmed in two phase-Ⅲ clinical trials, enrolling 
patients with HBeAg-positive and HBeAg-negative CHB 
respectively. Rates of virological suppression were 76% 
and 93% at week 48 in HBeAg-positive and HBeAg-
negative patients respectively[13], and > 98% overall at 
week 240[15]. Among HBeAg-positive patients, rates of 
HBeAg seroconversion were 21% and 40%, and rates 
of HBsAg seroconversion were 3% and 7%, at weeks 
48 and 240, respectively[15]. Genotypic resistance to 
TDF has not been described. TDF is effective for the 
treatment of both treatment-naïve and treatment-
experienced patients. TDF has a reported good safety 
profile. Reversible renal toxicity has been reported in < 
2% of patients in registration/post-registration studies[16]. 
Decreased bone mineral density has been reported in 
HIV-infected patients treated with TDF, but the effect in 
HBV-mono-infected patients remains unclear[17,18].

There are limited data that describe the safety and 
efficacy of TDF in the “real world”. The few studies that 
have been published describe populations in Europe 
and North America[19-21]. There have been no reports 
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of the experience with TDF in Australia. Such data 
are important. Australia is a multi-cultural country, and 
the CHB population is unique for the diversity of HBV 
genotypes, reflecting immigration patterns from Southern 
Europe, South-East Asia and Sub-Saharan Africa[2]. The 
rates of TDF response and resistance in Australia are 
unknown. 

The aim of this study was to evaluate the efficacy 
and safety of long term TDF therapy in an Australian 
single-centre real-world cohort of CHB patients.

MATERIALS AND METHODS
Data collection 
Data were collected retrospectively from a compre
hensive clinical database of CHB patients receiving TDF 
through liver clinics at St Vincent’s Hospital Melbourne 
(Australia) between 7 March 2006 and 18 February 
2014. 

Selection criteria
All patients receiving TDF 300 mg daily therapy for HBV 
mono-infection through St Vincent’s Hospital Melbourne 
were considered for analysis. Inclusion criteria included 
age > 18 years and treatment duration > 3 mo. Patients 
could be treatment-naïve or treatment-experienced. We 
included patients receiving TDF monotherapy, as well as 
patients treated with TDF in combination with a second 
antiviral agent. Patients were excluded in the setting of 
HIV, hepatitis C or hepatitis D co-infection. 

Prescription of TDF therapy
TDF was prescribed in accordance with the Australian 
Pharmaceutical Benefit Scheme. Patients were required 
to satisfy the following criteria: Non-cirrhotic patients 
must demonstrate documented chronic liver injury con
firmed via liver function tests or liver biopsy and must 
demonstrate appropriate HBV DNA levels according 
to HBeAg status (HBeAg positive patients HBV DNA > 
20000 IU/mL; HBeAg negative patients HBV DNA > 
2000 IU/mL). Patients with cirrhosis are required to 
demonstrate detectable HBV DNA. Patients may be NA 
naïve or experienced (having failed previous therapy).

HBV DNA assay
Prior to 2010, HBV DNA levels were measured using the 
versant HBV DNA 3.0 assay (bDNA) (Siemens Health
care Diagnostics, Tarrytown, NY) with a lower limit of 
detection (LLD) of 351 IU/mL. From 2010, HBV DNA 
levels were measured using the Cobas Taqman assay 
(LLD = 20 IU/mL, Roche Molecular Systems, Pleasanton, 
CA, United States).

Definitions of response
Complete virological suppression was defined as plasma 
HBV DNA level < 20 IU/mL. Partial virological suppression 
was defined as plasma HBV DNA level of ≥ 20 IU/mL 
and < 2000 IU/mL. Virological breakthrough (VBT) was 

defined as an increase in viral load > 1 log10 from nadir, 
or by a detectable HBV DNA level on two serial measures 
in a patient who had previously achieved an undetectable 
HBV DNA level. Biochemical response was defined as 
the normalisation of serum ALT to < 45 IU/L. Serological 
response was defined as the loss of detectable HBeAg 
and/or HBsAg from serum (HBeAg/HBsAg loss) ± 
the development of antibodies against these antigens 
(HBeAg/HBsAg seroconversion). 

Clinical endpoints
The primary efficacy endpoint was complete virological 
suppression over time, defined by HBV DNA < 20 
IU/mL. Secondary efficacy endpoints included rates of 
biochemical response, and HBeAg/HBsAg loss and sero
conversion over time. We also measured rates of VBT 
and the occurrence of clinical events including hepatic 
decompensation and HCC. The assessment of safety 
was specifically focussed on renal function and, where 
available, bone mineral density.

Statistical analysis
All statistical analyses were performed using SAS 9.4. 
For descriptive statistics, continuous variables were 
summarised as median (25th-75th centile). Categorical 
variables were described as frequency and percentage. 
Comparisons between groups for demographic, clinical 
and virological data were performed using the Wilcoxon 
signed pair test for continuous data and Fisher’s exact test 
for categorical data. Significance was defined at P-value 
< 0.05. Kaplan Meier analysis was used to determine 
influences on the time to virological suppression. The 
associations between baseline HBeAg status, baseline 
HBV DNA, treatment experience, age, gender, baseline 
ALT, fibrosis stage and end of follow-up virological sup
pression were tested using Cox proportional hazards 
regression analysis and direct multivariate analysis. Ninty-
two patients were included in the analysis of demographics 
and on-treatment safety and efficacy. Patients who had 
undetectable HBV DNA levels at time of commencement 
of TDF were excluded from the multivariable analysis 
(n = 18). 

This study was approved by the Human Research 
Ethics Committee at St Vincent’s Hospital Melbourne 
(QA: 009/14). 

RESULTS
Study population
A total of 92 patients were identified. Patient chara
cteristics are summarised in Table 1. The majority of 
patients were male (70%), of Asian ethnicity (84%) and 
had HBeAg-negative disease (69%). Fifty-five (60%) 
were treatment-naive at the time TDF was commenced. 
Thirty-seven (40%) patients had been previously treated 
with NA therapy. Compared to treatment-naïve patients, 
treatment-experienced patients were more likely to have 
a lower serum HBV DNA level, and a normal serum ALT 
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at the time TDF therapy was commenced. Seventeen 
treatment-experienced patients had a baseline HBV 
DNA level less than the lower limit of detection, and had 
directly switched to TDF for convenience. Nity-seven 
percent of patients received TDF monotherapy. Median 
duration of follow-up was 24 mo (6-42 mo).

Virological outcomes
Virological response to TDF is detailed in Table 2 and 

Figure 1. Overall, 77 (83.7%) patients achieved complete 
virological suppression by the end-of-follow-up, with a 
median time to suppression of 6 mo (IQR = 3-12 mo). 
The rates of complete virological suppression were 71% 
(45/65) at 12 mo, 80% (37/46) at 24 mo and 89% (25/28) 
at 36 mo. Eighty-nine/ninety-two (96.7%) achieved a 
partial virological response (HBV DNA 20-2000 IU/mL). 

Treatment-naïve individuals: Complete virological 

Baseline demographics Total population (n  = 92) Treatment naïve (n  = 55) Treatment experienced, 
viraemic (n  = 20)

Treatment experienced, 
non-viraemic (n  = 17)

Age (yr) 
   Mean (IQR)      46 (36-54)    42 (32-53)      48 (41-57)    55 (44-60)
Gender n (%)
   Male    64 (69.6)  39 (70.9) 11 (55) 14 (82.4)
   Female    28 (30.4)  16 (29.1)   9 (45)   3 (17.6)
Ethnic origin n (%)
   African    4 (4.3)  3 (5.5) 0 1 (5.9)
   Asian    77 (83.7)  48 (87.3) 16 (80) 13 (76.5)
   Caucasian    5 (5.4)  3 (5.5) 0   2 (11.8)
   Mediterranean    2 (2.2)  1 (1.8) 1 (5) 0
   Middle Eastern    1 (1.1) 0 1 (5) 0
Duration of therapy (mo) 
   Median (IQR)    24 (6-42)    24 (12-36)    24 (6-54)   24 (12-42)
HBe antigen status n (%)
   HBeAg positive    30 (32.6)  19 (34.5) 10 (50) 1 (5.9)
   HBeAg negative    62 (67.4)  36 (65.5) 10 (50) 16 (94.1)
Treatment history n (%)
   Experienced    37 (40.2) 0   20 (100) 17 (100)
   Adefovir 10 (27)   4 (20)   6 (35.3)
   Adefovir/lamivudine    13 (35.1)   6 (30)   7 (41.2)
   Lamivudine      6 (16.2)   4 (20)   2 (11.8)
   Lamivudine/entecavir    1 (2.7) 1 (5) 0
   Entecavir      5 (13.5)   4 (20) 1 (5.9)
   Entecavir/adefovir    2 (5.4) 1 (5) 1 (5.9)
   Naïve    55 (59.8) 55 (100) 0 0
HBV DNA load (IU/mL) n (%)
   < 20 17 - - 17 (100)
   20-2000    29 (31.5)    6 (10.9)   6 (30) 0
   2000-100000 11 (12)    8 (14.5)   3 (15) 0
   > 100000    52 (56.5)  41 (74.5) 11 (55) 0
   Median (IQR)        1.8 × 105 (302-1.6 × 107)                9.4 × 105 (9.7 × 104-3.7 × 107)        1.8 × 105 (790-4.1 × 106) N/A
ALT (U/L) n (%)
   0-20 11 (12)  2 (3.6)   4 (20)   5 (29.4)
   20-40    26 (28.3)  10 (18.2)   8 (40)   8 (47.1)
   40-400    51 (55.4)  39 (70.9)   8 (40)   4 (23.5)
   > 400    4 (4.3)  4 (7.3) 0 0
   Median (IQR)         30 (22-41.8)      73 (41-140)            34 (22.3-62.3)   24 (19-44)
Serum creatinine (IU/mL) 
   Median (IQR)         70 (60-81.5)       66.5 (50.8-71.5)            71 (63.5-84.5)   83 (69-93)
   Pre-treatment biopsy n (%) 69 (75)  40 (72.7) 16 (80) 14 (82.4)
Fibrosis score n (%)
   0    9 (9.8)  5 (9.1)   3 (15)   3 (17.6)
   1    31 (33.7)  21 (38.2)   6 (30)   4 (23.5)
   2    13 (14.1)    8 (14.5)   3 (15)   2 (11.8)
   3    7 (7.6)  1 (1.8)   2 (10)   4 (23.5)
   4    9 (9.8)  5 (9.1)   2 (10)   2 (11.8)
Genotype n (%) 35 (38)    6 (10.9)   9 (45) 12 (70.6)
   A    3 (3.3)  2 (3.6) 0 1 (5.9)
   B    7 (7.6)  2 (3.6) 1 (5)   4 (23.5)
   C    13 (14.1)  2 (3.6)   7 (35)   4 (23.5)
   D    3 (3.3) 0 0   2 (11.8)

Table 1  Baseline demographics

“Treatment experience” refers to previous NA therapy. “Viraemia” refers to HBV DNA > 20 IU/mL. Liver biopsy was scored using the METAVIR scoring 
system. HBe: Hepatitis B “e”; HBV DNA: Hepatitis B viral deoxyribonucleic acid; ALT: Alanine aminotransferase; N/A: Not applicable.
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suppression was achieved in 43/55 (78%) of patients 
with a median time to suppression of 6 mo (IQR = 3-12 
mo). Rates of complete virological suppression were 
70% (29/44) at 12 mo, 87% (26/30) at 24 mo and 
100% at 36 mo (18/18). This was maintained by 50/55 
(91%) of patients throughout follow-up. While a total 
of five patients failed to maintain complete virological 
suppression, only three patients experienced VBT. This 
was associated with reported non-compliance. In the 
first patient, HBV DNA levels rose from undetectable 
viral load at 12 mo to 55 IU/mL at 18 mo and 23 IU/mL 
at 24 mo. In the second patient, HBV DNA levels rose 
from undetectable at 18 mo to 1940 IU/mL at 24 mo 
and 578 IU/mL at 30 mo. In the final patient, HBV DNA 
levels increased from undetectable at 24 mo to 46300 
IU/mL at 42 mo and 29 IU/mL at 48 mo (results for the 
intervening 12 mo were unavailable). A transient low 
level viraemia not meeting the definition for VBT (single 
HBV DNA level of 23 IU/mL and 21 IU/mL, respectively, 
following achievement of complete virological suppre
ssion) was observed in two additional patients before 
returning to undetectable levels.

Treatment-experienced individuals: Viraemia 
was seen in 54% (20/37) of treatment-experienced 
individuals at the time TDF therapy was commenced. 
Complete virological suppression was achieved among 
85% (17/20) of viraemic patients with a median time to 

suppression of 6 mo (IQR = 3-18 mo). Rates of complete 
virological suppression were 64% (9/14) at 12 mo, 58% 
(7/12) at 24 mo and 63% (5/8) at 36 mo. While 3 
patients showed persistent viraemia at 36 mo, all had 
an HBV DNA level < 2000 IU/mL and subsequently 
achieved complete virological suppression by 60 mo. 
This was maintained in 17/20 (85%) patients throughout 
follow-up. No patient met the strict definition for 
virological breakthrough. Two patients demonstrated a 
single instance of HBV DNA > 20 IU/mL (28 IU/mL and 
27 IU/mL) before returning to undetectable levels, but 
did not meet the criteria for VBT. Among patients with 
an undetectable plasma HBV DNA level at baseline, 
16/17 patients (94%) maintained complete virological 
suppression throughout follow-up. One patient ex
perienced a single HBV DNA level of 40 IU/mL. 

Predictors of virological outcome
Survival analysis of the influence of treatment experience 
on complete virological suppression is presented in Figure 
2. Cox proportional hazards analysis was carried out on 
viraemic patients at baseline with the final model including 
baseline HBV DNA, HBeAg status treatment experience, 
age and baseline ALT (Table 3). Multivariate analysis 
showed a significant relationship between virological 
suppression at end of follow-up and baseline HBV DNA 
(OR = 0.897, 95%CI: 0.833-0.967, P = 0.0046) and HBeAg 
status (HR = 0.373, 95%CI: 0.183-0.762, P = 0.0069). 

Serological outcomes
HBeAg loss/seroconversion: Among 30 HBeAg-positive 
patients at baseline, 5 (16.7%) underwent HBeAg loss 
and seroconversion. Median time to seroconversion 
was 30 mo (9-60 mo). Mean age was 38 years (24-48 
mo) and median baseline HBV DNA was 1.7 × 107 
IU/mL. There was no significant difference in HBeAg 
seroconversion rates between treatment-naïve and 
treatment-experienced patients (P = 0.87). Two patients 
showed documented HBeAg seroreversion while on TDF 
treatment. One patient who was HBeAg-negative at 
baseline underwent HBeAg seroreversion at 24 mo of 
TDF therapy. HBeAg seroconversion then reoccurred at 
36 mo and was sustained for the remainder of follow-
up. The second case showed HBeAg loss without sero
conversion at 12 mo, followed by seroreversion at 36 mo 
of treatment. This patient had only been on therapy for 
36 mo at end of follow-up. 

HBsAg: One treatment-naïve male underwent HBsAg 
loss and seroconversion following 12 mo of TDF therapy. 

Follow-up (mo) 0 6 12 18 24 30 36

Patients with viral load n (%) 92 (100) 74 (80.4) 65 (70.7) 58 (63) 46 (50) 30 (32.6) 28 (30.4)
Virological suppression n (%)  18 (19.6) 41 (55.4) 45 (69.2)    46 (79.3)    37 (80.4) 26 (86.7) 25 (89.3)

Table 2  Virological suppression at on-treatment time-points (n  = 92)

“Patients with viral load” refers to the number of patients at each time point who had an available HBV DNA reading. “Virological suppression” refers to 
the number of patients with HBV DNA < 20 IU/mL. HBV: Hepatitis B virus.
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This individual was 28 years of age and HBeAg-negative 
at the time TDF was started.

Biochemical outcomes
Mean ALT at baseline was 134 ± 340 U/mL and 33 ± 13 
U/mL at end of follow-up, with a mean change of -101.3 
± 340.4 U/mL. Treatment experienced patients had a 
lower mean baseline ALT than treatment naïve patients 
(52 ± 70.2 U/mL vs 190 ± 431.1 U/mL, P = 0.02). They 
consequently had a lower mean change in ALT at the 
end of follow-up (-21 ± 68 U/mL vs -155 ± 432 U/mL, 
P = 0.28). Baseline serum ALT levels were within the 

normal range in 42/92 (45.7%) patients. By the end of 
treatment, 76/92 (83%) patients were within the normal 
range. Of the 50 patients who were above the ULN at 
baseline, 38 (76%) achieved ALT normalisation by the 
end of follow-up. 

Clinical outcomes
Hepatocellular cancer was diagnosed in two patients 
within 12 mo of starting TDF treatment. Both patients 
were diagnosed with cirrhosis prior to commencing TDF 
and one patient died as a result of their malignancy. 
A third patient was diagnosed with HCC 12 mo after 
ceasing TDF. No episodes of hepatic decompensation 
were recorded in the study population. 

Treatment discontinuation and safety
Treatment was discontinued at the discretion of in
dividual clinicians in 11 patients (12%). Treatment was 
discontinued as a result of a rise in serum creatinine 
levels in 3 patients (3%). All 3 patients had a peak 
serum creatinine < 1.5 × ULN. Two patients had only 
been taking TDF for 3 mo, and both had previously 
been treated with long-term LMV plus ADV therapy. 
Creatinine returned to the normal range on switch to 
ETV in one patient and LMV plus ADV in the other. The 
clinical decision to return the latter patient to LMV plus 
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Figure 2  Survival analysis of the influence of treatment experience on complete virological suppression. A: Time to virological suppression according to 
duration of treatment, n = 92; B: Amongst treatment naïve patients n = 54; C: Treatment experienced patients, n = 37; D: Treatment experienced viraemic patients, n = 
20. Number at risk describes the number of target group patients captured at each time period.

Covariates Multivariable

Hazard ratio (95%CI) P  value
Baseline HBV DNA (log10 IU/mL) 0.897 (0.833-0.967) 0.0046
HBeAg status (HBeAg pos vs neg) 0.373 (0.183-0.762) 0.0069
Treatment experience (Naïve vs 
experienced)

1.189 (0.598-2.364) 0.6207

Age (yr) 1.018 (0.992-1.044) 0.1760
ALT (log10 IU/mL) 1.093 (0.816-1.465) 0.5505

Table 3  Cox regression model of predictors of end of follow-
up virological suppression (n  = 741) 

1Excludes patients who were not viraemic at baseline. HBV: Hepatitis B 
virus; ALT: Alanine aminotransferase.
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ADV was determined by the treating physician and is 
not a standard treatment recommendation. One treat
ment-naïve patient was noted to have a rising serum 
creatinine at month 42 of treatment (peak creatinine 
= 118 μmol/L, ULN = 104). Serum phosphate levels 
were normal. Treatment was switched to ETV and 
creatinine returned to the normal range. Bone mineral 
density measurements were not routine and were only 
performed in a minority. There were 4 patients who were 
noted to have osteopenia or osteoporosis after treatment 
durations of 18-42 mo. Two of these patients were 
treatment naïve at the time TDF was started, one patient 
had previously been treated with adefovir for 5 years, 
and one patient had previously received LMV for 4 years. 
None of the 4 patients had a baseline bone mineral 
density measure available for comparison. Tenofovir 
was discontinued in another 4 patients after reports of 
non-specific adverse events including nausea, dizziness, 
fatigue, weight loss and myalgia. 

DISCUSSION
Tenofovir is a potent antiviral therapy for CHB. It has 
been associated with high rates of virological suppression 
in clinical trials and virological resistance is yet to be 
described in clinical practice[13]. Post-registration real-
world studies provide confirmation of therapy efficacy 
outside of the selected clinical trial situation, and monitor 
for rare adverse events. This is the first real-life study of 
TDF in an Australian setting. It validates the efficacy and 
safety of TDF in NA-naïve and experienced patients with 
CHB.

Similarly to registration trials and real-life studies, the 
study population was predominantly male and HBeAg 
negative, with 75% over the age of 40. However, while 
registration trials studied predominantly Caucasian 
populations, this population was mostly of Asian origin. 
Other ethnic minorities were also represented, reflecting 
Australian migration patterns. HBV genotype data were 
available for a minority of patients (35/92). Genotypes 
C and B were the most common genotypes, with A and 
D also represented. Studies from Europe and Asia are 
dominated by genotype A/D (Europe) and genotype 
B/C (Asia), limiting cross genotype comparisons. The 
tenofovir registration studies included mainly Western 
genotype A/D individuals, as have most of the real world 
data[13,22,23]. While this study’s patient size may be limited, 
the population studied here are unique for the breadth 
of ethnicity and HBV genotypes and comprise the first 
dataset described in an Australian population. Liver 
fibrosis ranged predominately between stages 1 and 2, 
with 10% of patients diagnosed with cirrhosis at baseline. 
Forty percent of the population were NA treatment-
experienced. 

The efficacy of TDF therapy in our cohort largely 
reflects the clinical trial experience. A daily dose of 
300 mg of TDF was found to achieve at least partial 
virological suppression in 97% of patients and complete 
virological suppression in 84% of patients, demonstrating 

robust efficacy. Complete virological suppression was 
sustained by 94% of patients over time. Patients 
with persistent viraemia had HBV DNA levels < 2080 
IU/mL, except for two patients who had a viral load 
1.2-2.6 × 105 IU/mL after 3 mo on therapy. Virological 
breakthrough was only observed in one patient with 
documented non-compliance. The clinical variables that 
were independently associated with time to suppression 
were high HBV DNA level at baseline, and HBeAg 
seropositivity. Previous NA therapy was not associated 
with reduced response rate. HBeAg seroconversion was 
achieved in 17% of HBeAg positive patients, with median 
duration of follow-up of 24 mo. One patient underwent 
HBsAg loss and seroconversion after 12 mo of treatment. 
The efficacy data are therefore broadly consistent with 
the experience in the registration studies[13,22,24].

Our findings are also in keeping with “real life” 
international studies. Pol et al[23] reviewed safety and 
efficacy data from two real-life cohorts in the United 
Kingdom and Europe. The cohorts had a combined 
sample size of 362 NA-naïve patients with a median 
follow-up of 9-28 mo. Virological suppression was 
achieved in 80%-89% of patients with breakthrough 
identified in 2% of patients, without any corresponding 
resistance mutations. HBeAg seroconversion occurred 
in 7%-18% of patients and HBsAg loss occurred in 
2% of the European cohort. Eighty-seven percent of 
patients achieved ALT normalisation by 30 wk[5]. Pan 
et al[21] analysed the real-life safety and efficacy of TDF 
in 90 Asian-American patients over 48 wk. Ten percent 
of the population had a history of prior treatment with 
lamivudine or adefovir. Virological suppression was 
achieved in 82% of patients, 12% of patients underwent 
HBeAg seroconversion and 66% of patients showed ALT 
normalisation by the end of follow-up. No resistance to 
TDF was detected and the treatment was considered 
well-tolerated with few related adverse events. While our 
results reflect those of other “real life” data, few studies 
have included treatment-experienced patients and if 
so they compose only a small minority. This is an area 
for future focus considering clinical practice of switching 
patients over to TDF from older less effective NAs.

Therapy was ceased in 12% of patients at the dis
cretion of individual clinicians due to concern about 
renal (3%) and bone impairment. Tenofovir was self-
ceased by 4% of patients due to non-specific adverse 
events. It was not possible to establish causality for these 
events; all possible renal events were mild and reversible 
with discontinuation. No confirmed cases of proximal 
tubular dysfunction were observed. Isolated cases 
of osteomalacia and osteopenia concurrent with TDF 
therapy have also been reported in the HBV literature[25]; 
there are more numerous reports in the HIV literature. 
In our cohort, although cases of osteopaenia and oste
oporosis were noted, the absence of baseline bone 
mineral density scans meant that causality could not 
be speculated. Chronic liver disease itself is a risk factor 
for osteoporosis. We now perform routine monitoring of 
renal function and fasting serum phosphate levels every 
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six months, as well as bone mineral densitometry at 
baseline and every 3 years to screen for osteoporosis. 
This approach needs prospective validation.

In conclusion, our Australian experience shows TDF 
to be an effective and safe therapy for patients with 
CHB. Rates of sustained virological suppression were 
very high. Elevated baseline HBV DNA level and HBeAg-
positive disease were associated with slower time to 
suppression, but TDF resistance was not observed, and 
most patients achieved complete virological suppression 
with continued therapy. Tenofovir was generally well 
tolerated. This study supports the findings of other real-
life experience into the efficacy and safety of TDF in the 
treatment of CHB.

COMMENTS
Background
Chronic hepatitis B (CHB) affects 240-400 million people around the world. It is 
estimated that 218000 people in Australia live with CHB, a population prevalence 
of approximately 1%. CHB is associated with the long-term complications of 
cirrhosis, liver failure and hepatocellular carcinoma (HCC), in 15%-40% of 
patients. CHB is one of the most common causes of HCC, the fastest increasing 
cause of cancer death in Australia. 

Research frontiers
Tenofovir is a nucleotide analogue recommended as first-line treatment for CHB. 
The safety and efficacy of tenofovir disoproxil fumarate (TDF) for the treatment 
of chronic HBV infection has been confirmed in two phase-Ⅲ clinical trials. 
There are limited data that describe the safety and efficacy of TDF in the “real 
world”. The few studies that have been published describe populations in Europe 
and North America. There have been no reports of the experience with TDF in 
Australia. 

Innovations and breakthroughs
Out of 92 patients, 89 (96.7%) achieved partial virological response and 77 (83.7%) 
achieved complete virological suppression by the end-of-follow-up. Predictors of 
virological suppression included lower baseline HBV DNA and HBeAg negative 
disease. 

Applications
The authors’ Australian experience shows that TDF is an effective and safe 
therapy for patients with CHB. Rates of sustained virological suppression 
were very high and most patients achieved complete virological suppression 
with continued therapy. TDF resistance was not observed and treatment was 
generally well tolerated. This study supports the findings of other real-life 
experience into the efficacy and safety of TDF in the treatment of CHB.

Terminology
The hepatitis B virus (HBV) is transmitted vertically, parenterally or via mucosal 
exposure to infected blood or bodily fluids. CHB is associated with long-term 
complications of cirrhosis, liver failure and hepatocellular carcinoma. They carry 
high rates of morbidity and mortality and affect 15%-40% of patients at some point 
in their life. Tenofovir disoproxil fumarate is a nucleotide analogue used in the 
treatment of CHB. Prior to its role in CHB, TDF was used in the treatment of HIV 
type 1 infection.

Peer-review
This is a well-designed and well-written real life data study of tenofovir treatment 
for hepatitis B.
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