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Introduction
Despite vaccination programmes and effective 
antiviral drugs, chronic hepatitis B virus (HBV) 
continues to be a significant global health problem.1 
The World Health Organization (WHO) estimates 
worldwide, over 250 million people are positive 
for hepatitis B surface antigen (HBsAg) and are 
living with chronic HBV.2 These individuals are 
at significant risk of liver disease, including cir-
rhosis, hepatic decompensation and hepatocellu-
lar carcinoma (HCC), with a lifetime risk of such 
complications being 15–40%.3–6 With nearly 
700,000 HBV related deaths in 2013, it is one of 
the leading causes of mortality globally.7

The natural history of chronic HBV is a dynamic 
process, dependent on host immune and viral fac-
tors. Additional variables including age, sex, level 
of fibrosis at presentation, viral co-infection and 
the presence of metabolic cofactors impact the 

progression of chronic HBV to cirrhosis and its 
complications.8–12 The pathogenesis involves sev-
eral phases, which may not occur sequentially but 
are defined by specific clinical parameters: hepa-
titis B e antigen (HBeAg) status, serum HBV 
DNA levels, serum alanine aminotransferase (ALT) 
and the presence or absence of inflammation.13 
This characterization aims to distinguish those 
patients with inactive disease, that is, chronic 
infection, from those who have active disease, 
that is, chronic hepatitis, and therefore to identify 
those most at risk of cirrhosis and HCC, an 
important goal in the management of chronic 
HBV.

There are two classes of antiviral therapies cur-
rently approved for the treatment of chronic 
HBV infection: pegylated interferons (IFNs) and 
nucleos(t)ide analogues (NAs). These therapies 
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can achieve suppression of HBV DNA replica-
tion, decreases in hepatic necroinflammation and 
improvement in fibrosis, thus preventing the 
development of cirrhosis, hepatic decompensa-
tion, HCC and ultimately HBV-related mortal-
ity.14–19 However, there are significant limitations 
to these treatment options. Treatment with IFN 
is usually restricted to those most likely to 
respond: HBV genotypes A and B, low HBV 
DNA and high ALT.20 HBsAg quantification 
may be a helpful tool for the monitoring of 
patients treated with IFN with a role in predicting 
response. Several studies have shown that the 
change of serum HBsAg levels during IFN ther-
apy mimics the change of both intrahepatic cova-
lently closed circular DNA (cccDNA) and 
intrahepatic HBsAg, suggesting that a decline in 
serum HBsAg levels is associated with the induc-
tion of an effective anti-HBV immune 
response.21–23 IFN requires parenteral adminis-
tration and is associated with frequent, significant 
adverse effects such as mood disturbance, cytope-
nias and flu-like symptoms.15,24,25 IFN is con-
traindicated in patients with decompensated 
cirrhosis and those with autoimmune diseases or 
uncontrolled psychiatric illness. NAs, by contrast, 
are administered orally and are generally well tol-
erated.26 Most prior HBV management guide-
lines recommend entecavir or tenofovir disoproxil 
fumarate (TDF) as first-line oral agents.13,27,28 
Both drugs have high antiviral potency with mini-
mal risk of drug resistance and can be used at all 
stages of liver disease including in those with 
hepatic decompensation and those who have 
received a liver transplant. Regression of fibrosis, 
reduction in rates of hepatic decompensation and 
HCC are associated with sustained viral suppres-
sion in those on long-term NA therapy.29–32. 
Although the recommended NAs have satisfac-
tory safety profiles, TDF has been associated with 
nephrotoxicity and reduction in bone mineral 
density (BMD) in some patients.33,34 In addition 
NA therapy does not usually result in HBsAg 
clearance, and virological relapse is common after 
cessation of treatment, thus the need for indefi-
nite therapy.35 With all current HBV therapies 
there is persistence of cccDNA, which serves as 
the template for transcription for all viral RNAs in 
hepatocytes, and the presence of which is a major 
barrier to HBV cure. However, recent advances 
in understanding the HBV life cycle have enabled 
multiple, novel therapeutic targets to be identi-
fied and new therapies of direct-acting antiviral 
(DAAs) and host-targeting agents (HTAs) are in 

development. Tenofovir alafenamide (TAF, for-
merly GS-7340) is a new nucleoside analogue 
recently approved for the treatment of chronic 
HBV. Previous review articles have examined the 
clinical trial data for TAF and evaluated its place 
in the management of chronic HBV.36,37 This 
review provides a comprehensive overview of the 
phase III efficacy data for TAF, as well as the 
safety and tolerability outcomes and importantly 
includes the recently published week 96 data. We 
review the latest updates from the open-label 
phases of the ongoing phase III trials, including 
the bone and renal safety data after switching 
from TDF to TAF. The interesting ALT normal-
ization observation is examined and we include 
new data on the potential clinical significance of 
this phenomenon.

Introduction to tenofovir alafenamide
TAF, like TDF, is a phosphonate prodrug of ten-
ofovir (TFV), specifically developed to have 
enhanced antiviral potency with an improved 
safety profile to address the renal and bone toxici-
ties associated with TDF. Both TAF and TDF 
are initially metabolized to TFV in the plasma, 
which in turn is metabolized, in target viral-
infected cells, to the active metabolite tenofovir 
diphosphate (TFV-DP). Levels of circulating 
plasma TFV are associated with renal and bone 
toxicity. TAF has greater plasma stability than 
TDF, enabling more efficient delivery of the 
active metabolite TFV-DP intracellularly at much 
lower doses.38,39 When TAF is given at a dose of 
25 mg to patients with HBV or human immuno-
deficiency virus (HIV) infection, circulating con-
centrations of plasma TFV are about 90% lower 
than with the approved daily dose of 300 mg 
TDF.40,41 This difference underpins the better 
safety profile of TAF compared with TDF.

Mechanism of action and pharmacokinetics of 
tenofovir alafenamide
TAF leaves the plasma and enters hepatocytes 
primarily by passive diffusion, with some uptake 
by the hepatic uptake transporters organic anion-
transporting polypeptides 1B1 and 1B3 (OATP1B1 
and OATP1B3). TAF is then primarily hydro-
lysed by carboxylesterase 1 (CES1) to form TFV, 
which undergoes phosphorylation to form the 
pharmacologically active metabolite TFV-DP.39 
Potent inhibition of HBV replication occurs when 
HBV reverse transcriptase incorporates TFV-DP 
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into HBV DNA resulting in HBV DNA chain 
termination.

TAF exhibits linear and dose-dependent pharma-
cokinetics, in patients with chronic HBV, charac-
terized by efficient absorption (t1/2 < 1 h) and 
rapid plasma elimination (t1/2 < 45 min).40 
Extensive (>80%) metabolism of TAF occurs in 
humans with primary metabolism in the liver by 
CES1 and by cathepsin A in peripheral blood 
mononuclear cells.39 In vitro, TAF is not metabo-
lized by CYP1A2, CYP2C8, CYP2C9, CYP2C19 
or CYP2D6 and undergoes minimal metabolism 
by CYP3A4.41 However, TAF is a substrate for 
P-glycoprotein (P-gp) and so potential drug–drug 
interactions can be expected with P-gp inducers 
such as carbamazepine, phenobarbital, rifabutin, 
rifampicin, rifapentine and St John’s Wort. 
Coadministration of these drugs with TAF is 
expected to decrease TAF plasma concentra-
tions, which may result in loss of therapeutic 
effect, and is therefore not recommended. 
Likewise, drugs that inhibit P-gp may increase 
plasma concentrations of TAF.41 Excretion is 
largely in the faeces, with very little intact TAF 
(<1%) excreted through the kidneys. The 
European Medicines Agency (EMA) has there-
fore been able to approve TAF for use in chronic 
HBV patients with end-stage renal failure on dial-
ysis in advance of a phase II, open-label study, 
currently evaluating the safety and efficacy of 
switching to TAF from TDF in this cohort.42 
TFV is renally eliminated by both glomerular fil-
tration and active tubular secretion.41

There are no clinically relevant differences in the 
pharmacokinetics of TAF based on age, sex or 
ethnicity. TAF pharmacokinetics have not been 
studied in patients with a creatinine clearance 
(CLCR) < 15ml/min but there are no clinically 
relevant differences in those with severe renal 
impairment (CLCR > 15 but <30 ml/min) com-
pared with healthy subjects with normal renal 
function.41 TAF and TDF systemic exposures are 
7.5% and 11% lower, respectively, in patients 
with mild hepatic impairment compared with 
patients with normal hepatic function, and no 
dose adjustment is needed with hepatic impair-
ment in patients classified as Child–Pugh class A.42 
According to the TFV pharmacokinetics of patients 
with severe hepatic impairment (Child–Pugh C) 
treated with TAF 25 mg, TFV exposure was only 
modestly lower compared with healthy controls 
with normal hepatic function.43

Tenofovir alafenamide in chronic hepatitis B

Phase I data
A phase 1b trial in noncirrhotic patients with 
chronic hepatitis B was performed assessing 
safety, antiviral efficacy and pharmacokinetics.40 
A total of 51 patients naïve to nucleoside ana-
logues were randomized (1:1:1:1:1) to different 
doses of TAF (8, 25, 40 or 120 mg) or to TDF 
300 mg. Over the 28-day treatment period, mean 
changes in serum HBV DNA were similar across 
the TAF groups. At week 4, mean changes in 
HBV DNA of −2.81, −2.55, −2.19, and −2.76 
log10 IU/ml were observed in the 8, 25, 40, and 
120 mg TAF groups, respectively, and were com-
parable with the TDF 300 mg control group, 
where a −2.68 log10 IU/ml change was seen. TAF 
was safe and well tolerated over 28 days with no 
participants experiencing grade 3 or 4 adverse 
events. TAF doses of 25 mg or lower were associ-
ated with ⩾92% reduction in circulating TFV 
levels compared with TDF 300 mg.40 There is an 
absence of phase II data for TAF in chronic HBV 
and the efficacy and safety data from this phase I 
was used to select a 25 mg TAF dose for two sub-
sequent phase III trials. It is worth noting there 
are no dose-ranging studies for TDF in chronic 
HBV; these data came from TDF in HIV 
studies.

Phase III studies
Two ongoing phase III clinical trials have evalu-
ated TAF in HBeAg-positive and HBeAg-
negative chronic HBV patients. The trials have 
similar designs and are randomized, double blind, 
multinational, non-inferiority studies.44,45 For 
both HBeAg-positive and HBeAg-negative stud-
ies, eligible patients were at least 18-years old 
with plasma HBV DNA concentrations > 20,000 
IU/ml, serum ALT concentrations > 60 U/l in 
men or >38 U/l in women and no more than 10 
times the upper limit of normal (ULN), and an 
estimated creatinine clearance of ⩾50 ml/min (by 
Cockcroft-Gault method). Both treatment-naïve 
and treatment-experienced patients were included 
provided they met eligibility criteria. Major exclu-
sion criteria included evidence of hepatic decom-
pensation, HCC and coinfection with hepatitis C, 
hepatitis D or HIV infection. Patients with plate-
let counts ⩽ 50,000 cells per μl, haemoglobin  
< 10 g/dl, albumin < 3 g/dl, direct bilirubin  
> 2.5 times the ULN and aspartate aminotrans-
ferase (AST) or ALT > 10 times the ULN were 
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excluded.44,45 In both trials, patients received 
TAF 25 mg orally once daily or TDF 300 mg 
orally once daily (randomization 2:1, respec-
tively) for up to 144 weeks. The double-blind 
phase was initially 96 weeks but later amended to 
144 weeks. After week 144, all patients were able 
to receive open-label treatment with TAF 25 mg 
orally once daily until week 384, making a total 
trial duration of 8 years.

The primary efficacy endpoint was the proportion 
of patients with HBV DNA < 29 IU/ml at week 
48. Other prespecified efficacy endpoints were 
the proportion of patients with HBsAg seroncov-
ersion to anti-hBS at week 48, change from base-
line in fibrosis as assessed by FibroTest at week 
48 and the proportion of patients with ALT nor-
malization at week 48. Key secondary safety end-
points at week 48 included the percentage change 
in hip bone mineral density (BMD), percentage 
change in spine BMD and change from baseline 
serum creatinine.44,45

Efficacy in hepatitis B e antigen-positive 
patients
A total of 873 patients were randomized and 
received treatment with either TAF 25 mg (n = 
581) or TDF 30 mg (n = 292). There were no 
significant differences in baseline characteristics 
between the two treatment groups. Most patients 
were Asian [482 (83%) in the TAF group and 
232 (79%) in the TDF group]. The commonest 
HBV genotype was C (52% in each group). Over 
a quarter of patients had been previously treated 
with nucleos(t)ide analogue antiviral drugs [151 
(26%) in the TAF group and 77 (26%) in the 
TDF group]. Mean baseline HBV DNA level was 
7.6 log10 IU/ml in both the TAF and TDF 
groups.44

The primary efficacy endpoint, an HBV DNA 
level < 29 IU/ml at week 48, was achieved by 371 
(64%) of 581 patients receiving TAF, which 
was non-inferior to the 195 (67%) of 292 
patients receiving TDF who had an HBV DNA 
< 29 IU/ml {adjusted between group difference 
−3.6% [95% confidence interval (CI) −9.8–2.6]; 
p = 0.25}.44 There were no significant differences 
in the percentage of patients receiving TAF or 
TDF with an HBV DNA level < 29 IU/ml in all 
the major subgroup analyses that included age 
(<50 years or ⩾50 years), sex, race (Asian or 
non-Asian), baseline HBV DNA level (<8 log10 

IU/ml or ⩾8 log10 IU/ml), antiviral history (naïve 
or experienced), treatment adherence (<95% or 
⩾95%), region (East Asia, Europe, North 
America, other), HBV genotype, baseline ALT 
by central laboratory range (⩽ULN or >ULN) 
or baseline FibroTest score (<0.75 or ⩾0.75). 
Rates of viral suppression were sustained through 
to week 96; the proportion of patients with an 
HBV DNA < 29 IU/ml receiving TAF was 73% 
(423 of 581 patients), compared with 75% (218 
of 292 patients) of those receiving TDF (the 
adjusted difference was 2.2% (95% CI 8.3–3.9%; 
p = 0.47).46

A significantly higher proportion of patients 
receiving TAF, with an ALT above the ULN at 
baseline, had a normal ALT at week 48 of treat-
ment compared with patients receiving TDF 
(45% versus 36%, respectively, p = 0.014). This 
was based on AASLD criteria (male: ALT ⩽ 30; 
female: ALT ⩽ 19), results were not significant 
if based on central laboratory criteria.44 At week 
96, significant higher rates of ALT normaliza-
tion were seen in the TAF group where both 
AASLD criteria (52% in the TAF group and 
42% in the TDF group, p = 0.0003) and central 
laboratory criteria (75% in the TAF group ver-
sus 68% in the TDF group, p = 0.017) were 
used.46 Small reductions in FibroTest scores at 
week 48 were observed in both treatment 
groups, but the TAF group had a significantly 
greater reduction from baseline score than the 
TDF group (mean change 0.07 versus 0.04, 
respectively, p = 0.007).44

There were no other significant between-group 
differences in secondary or other efficacy out-
comes. A key prespecified secondary efficacy out-
come was the proportion of patients with HBeAg 
loss or HBeAg seroconversion by week 48. More 
patients in the TAF group experienced HBeAg 
loss than in the TDF group [78/565 (14%) versus 
34/285 (12%)] but this was not statistically sig-
nificant. Similarly, the rate of HBeAg seroconver-
sion was also numerically higher among patients 
receiving TAF than among those receiving TDF, 
but the difference did not achieve statistical sig-
nificance [10% (58/565) versus 8% (23/285), 
respectively, p = 0.05].44 Rates of HBsAg loss by 
week 48 were very low and only 4 (0.7%) patients 
in the TAF group and 1 (0.3%) in the TDF group 
achieved this. There were no statistically signifi-
cant differences by week 96 for HBeAg loss (22% 
in TAF group versus 18% in TDF group), or for 
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HBeAg seroconversion (1% in TAF group versus 
0% in TDF group).46 Primary and secondary 
endpoints are summarised in Table 1.

Efficacy in hepatitis B e antigen-negative 
patients
A total of 426 patients were randomized and 
received treatment with either TAF 25 mg (n = 285) 
or TDF 300 mg (n = 140). Baseline characteris-
tics of both groups were generally well balanced 
with no significant differences in between the 
TAF and TDF treatment groups. Most patients 
were male [173 (61%) in the TAF group and 86 
(61%) in the TDF group] and Asian [205 (72%) 
in the TAF group and 101 (72%) in the TDF 
group]. The commonest HBV genotype was C 
(40% in the TAF group and 34% in the TDF 
group). About 20% of patients had been previ-
ously treated with nucleos(t)ide analogue anti-
viral drugs [60 (21%) in the TAF group and 31 
(22%) in the TDF group]. Mean baseline HBV 
DNA level was 5.7 log10 IU/ml in the TAF 
group and 5.8 log10 IU/ml in the TDF group.45

A total of 268 (94%) of 285 patients receiving 
TAF achieved the primary efficacy endpoint of 
HBV DNA < 29 IU/ml at week 48 versus 130 
(93%) of 140 patients receiving TDF (adjusted 
between-group difference 1.8% (95% CI 3.6–7.2; 
p = 0.47), which demonstrates non-inferiority.45 
As observed in the HBeAg-positive patients, there 
were no significant between-group differences in 
antiviral efficacy in terms of primary outcome 
based on age (age < 50 or ⩾50 years), sex, race 
(Asian or non-Asian, baseline HBV DNA level 
(<7 or ⩾7 log10 IU/ml) or previous antiviral ther-
apy (naïve or experienced).45 The beneficial 
effects of TAF and TDF treatment on viral sup-
pression were sustained at 96 weeks when the 
proportion of HBeAg-negative patients receiving 
TAF who had HBV DNA < 29 IU/ml was 90% 
(257 of 285 patients), compared with 91% (127 
of 140 patients) of those receiving TDF [adjusted 
between group difference 0.6% (95% CI 7.0–
5.8); p = 0.84] confirming non-inferiority at this 
time point.46

With the exception of rates of normalization of 
ALT levels, based on the AASLD normal range, 
there were no significant between-group differ-
ences in secondary and other efficacy outcomes at 
week 48.45 At week 96, the proportion of HBeAg-
negative patients receiving TAF, with normal 

ALT by central laboratory criteria, having had an 
ALT above the ULN at baseline, was significantly 
higher than among those receiving TDF (81% 
versus 71%, respectively, p = 0.038) and remained 
significant when using the more stringent AASLD 
criteria (50% versus 40%, respectively, p = 0.035). 
Furthermore, patients receiving TAF had higher 
rates of ALT normalization than patients receiv-
ing TDF at every study visit after week 4.46

No patients in either treatment group had HBsAg 
loss at week 48, and the mean decline in quantita-
tive HBsAg from baseline to week 48 was minimal 
in both groups (TAF 0.09 versus TDF 0.06 log10 
IU/ml).45 Similar, small mean declines in HBsAg 
levels were observed at week 96 (TAF 0.14 versus 
TDF 0.10 log10 IU/ml).46 Primary and secondary 
endpoints are summarised in Table 1.

Resistance
In vitro, TAF has shown potent anti-HBV action 
against lamivudine-resistant and entecavir-resist-
ant recombinants with mean changes in EC50 val-
ues < twofold compared with wild-type virus.47 
Pooled analysis of both phase III trials showed the 
majority (89.2%) of patients had wild-type virus 
at baseline.46 The number of patients in both 
studies with resistance mutations associated with 
other approved nucleos(t)ide analogues was very 
small. In the HBeAg-negative group there were 
lamivudine-associated resistance mutations in 
five patients and mutations indicating resistance 
to entecavir and adefovir in one patient each.45 In 
HBeAg-positive patients there were mutations 
indicating resistance to lamivudine in 18 patients, 
to adefovir in 9 patients, and to entecavir in 4 
patients.44 Pooled data from both phase III trials 
showed 1242 patients entered year 2 of the study. 
Of these, 132 (11%) met the criteria for resist-
ance testing at week 96 [patients who experienced 
virological breakthrough (defined as HBV DNA 
⩾69 IU/ml on two consecutive visits after achiev-
ing HBV DNA < 69 IU/ml, or a ⩾1.0 log10 
increase in HBV DNA from nadir) or those who 
discontinued treatment after at least 24 weeks 
because of viraemia (HBV DNA ⩾69 IU/ml)]. Of 
those who qualified for resistance sequence analy-
ses, 87 were in the TAF group and 45 in the TDF 
group. 36 patients qualified as virological break-
through and in 11 (31%), this was associated with 
nonadherence to the study medication. Overall, 
at week 96, no resistant isolates were detected in 
the TAF or TDF groups in either study.46
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Safety and tolerability
Both phase III studies showed TAF to be well tol-
erated in patients with chronic hepatitis B with 
most adverse events being mild to moderate in 
severity. At week 48, discontinuation of treat-
ment due to adverse events was uncommon (1%) 
in both treatment groups.44,45 The most common 
adverse events overall were upper respiratory 
tract infection [51 (9%) of 581 patients receiving 
TAF versus 22 (8%) of 292 patients receiving 
TDF], nasopharyngitis [56 (10%) patients 

receiving TAF versus 16 (5%) patients receiving 
TDF], and headache [42 (7%) patients receiving 
TAF versus 22 (8%) patients receiving TDF]. 
The proportion of patients experiencing serious 
adverse events was the same in both treatment 
groups (4%), none of which were deemed by the 
investigator to be related to study treatment.44,45 
There were no significant differences in the fre-
quency of grade 3 or 4 laboratory abnormalities 
[18/581 (32%) patients in the TAF group versus 
96/292 (33%) in the TDF group].44,45

Table 1.  Primary and secondary efficacy endpoints at 48 and 96 weeks of treatment with tenofovir alafenamide or tenofovir 
disoproxil fumarate for chronic hepatitis B virus patients.44–46

HBeAg positive (n = 873) HBeAg negative (n = 425)

  TAF 25 mg  
(n = 581)

TDF 300 mg  
(n = 292)

p-value TAF 25 mg  
(n = 285)

TDF 300 mg  
(n = 140)

p value

Week 48  

HBV DNA < 29 IU/ml 371/581 (64%) 195/292 (67%) 0.25 268/285 (94%) 130/140 (93%) 0.47

ALT normalization*

central laboratory
AASLD criteria

384/537 (72%)
257/572 (45%)

179/268 (67%)
105/290 (36%)

0.18
0.014

196/236 (83%)
137/276 (50%)

91/121 (75%)
44/138 (32%)

0.076
0.0005

HBeAg loss 78/565 (14%) 34/285 (12%) 0.47 NA NA  

HBeAg 
seroconversion

58/565 (10%) 23/285 (8%) 0.32 NA NA  

HBsAg loss 4/576 (0.7%) 1/288 (0%) 0.52 0/281 (0%) 0/138 (0%) –

HBsAg 
seroconversion

3/576 (0.5%) 0/288 (9%) 0.22 0/281 (0%) 0/138 (0%) –

Week 96  

HBV DNA < 29 IU/ml 423/581 (73%) 218/292 (75%) 0.47 258/285 (90%) 127/140 (91%) 0.84

ALT normalization
central laboratory
AASLD criteria

405/537 (75%)
299/572 (52%)

181/268 (68%)
121/290 (42%)

0.017
0.003

191/236 (81%)
86/121 (71%)

139/276 (50%)
55/138 (40%)

0.038
0.035

HBeAg loss 123/565 (22%) 51/285 (18%) 0.2 NA NA  

HBeAg 
seroconversion

99/565 (18%) 35/285 (12%) 0.5 NA NA  

HBsAg loss 7/576 (1%) 4/288 (1%) 0.88 1/281 (0.4%) 0/138 (0%) 0.72

HBsAg 
seroconversion

6/576 (1%) 0/288 (0%) 0.078 1/281 (0.4%) 0/138 (0%) 0.72

*Central laboratory: ALT ⩽ 43 U/l for males aged 18–69 years and ⩽35 U/l for males aged ⩾69 years; ALT ⩽ 34 U/l for females aged 18–69 years 
and ⩽32 U/l for female aged ⩾69 years. AASLD criteria: ALT ⩽ 30 U/l for males and ⩽19 U/l for females.
AASLD, American Association for the Study of Liver Diseases; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B 
surface antigen; HBV, hepatitis B virus; NA, not applicable.
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At week 96, the type and frequencies of adverse 
events did not differ from those reported at week 
48 and the most common adverse events were 
headache, nasopharyngitis and upper respiratory 
tract infection. Discontinuation rates due to 
adverse events remained low in both groups; 13 
(2%) patients receiving TAF and 4 (1%) receiving 
TDF. Again, the proportion of patients experienc-
ing serious adverse events was the same in both 
treatment groups (7%; 60 patients receiving TAF 
and 29 receiving TDF) and none were deemed by 
the investigator to be related to study treatment. 
There were no deaths during treatment.46

Bone safety
After 48 weeks of treatment, patients receiving 
TAF had significantly smaller reductions in bone 
mineral density (BMD) compared with patients 
receiving TDF. No treatment-related fractures 
were reported in either grojup.44,45 In HBeAg-
positive patients the mean reduction from base-
line BMD was significantly less at both the hip 
(mean change −0.10% versus −1.72%, p < 0.0001) 
and the spine (mean change −0.42% versus 
−2.29%, p < 0.0001) in the TAF group com-
pared with the TDF group.44 Similarly, in 
HBeAg-negative patients the mean reduction 
from baseline BMD was significantly less at both 
the hip (mean change −0.29% versus −2.16%,  
p < 0.0001) and the spine (mean change −0.88% 
versus −2.51%, p < 0.0001) in the TAF group 
compared with the TDF group.45

A separate analysis compared the percentage of 
patients in each treatment group who experienced 
a greater than 3% reduction in BMD after 48 
weeks of treatment. In the HBeAg-positive 
patients, a greater than 3% reduction in BMD 
occurred in significantly fewer TAF recipients 
than TDF recipients (hip: 8% versus 24%, respec-
tively; spine: 18% versus 38%, respectively).44 
The HBeAg-negative group showed similar 
results with significantly fewer TAF recipients 
experiencing a greater than 3% reduction in 
BMD than TDF patients (hip: 10% versus 33%, 
respectively; spine: 22% versus 39%, respectively).45 
The presence of baseline risk factors for osteopo-
rosis (female sex, age ⩾ 50 years, Asian race  
and estimated glomerular filtration rate (eGFR) 
< 90 ml/min) did not impact on the percentage of 
patients on TAF with a greater than 3% reduc-
tion in BMD which remained 8–10% at week 48, 
irrespective of number of risk factors.48 By 

contrast, the percentage of patients on TDF with 
a greater than 3% reduction in BMD at week 48 
increased according to the number of baseline 
risk factors for osteoporosis by up to 58% for 
patients with all four risk factors.48

At 96 weeks, the reduced effects on BMD decline 
with TAF versus TDF, continued with a pooled 
analysis of the treatment populations showing 
patients receiving TAF had significantly smaller 
decreases compared with TDF-treated patients, 
at the hip (−0.33% versus −2.52%) and the spine 
(−0.75% versus −2.59%). Furthermore, the mag-
nitude of the difference in BMD decreases 
between the TAF and TDF groups was signifi-
cantly greater at week 96 compared with the dif-
ference in decline observed at week 48 (p < 0.001) 
when assessed at hip but not at spine.46 
Furthermore, significant improvements in BMD 
at the hip (−2.7% to −2.1%, p < 0.001) and at the 
spine (−3.1% to −1.6, p < 0.001) were observed 
early (at week 120) in the patients who had 
switched to TAF from TDF at week 96, during 
the open-label extension phase.49 The recently 
reported 1-year safety and efficacy data from the 
open-label phase included a specific analysis  
of a subset of patients with baseline risk factors  
for TDF use [age > 60 years, osteoporosis of  
hip/spine, ⩾stage 2 chronic kidney disease (CKD), 
albuminurina (UACR > 30mg/g), hypophospha-
taemia (PO4 < 2.5mg/dl), or comorbidities associ-
ated with CKD (e.g. hypertension, diabetes, 
obesity)]. In patients with ⩾1 TDF risk factor 
who switched from TDF to TAF, hip BMD 
remained significantly below that seen in patients 
who had received continuous TAF at week 144  
(p = 0.016). Antiviral efficacy was maintained in 
both groups and TDF patients switching to TAF 
at week 96 had increased rates of ALT normaliza-
tion at week 144.50 The 96-week analysis reviewed 
the T scores at week 96 of those with a normal  
T score (⩾1.0), that is, no evidence of osteopenia 
or osteoporosis, at baseline. At baseline, 570 
patients in the TAF group and 285 patients in the 
TDF group had a normal T score. With regard to 
hip BMD, by week 96, 6% patients in the TAF 
group, with available data, had developed osteopo-
rosis compared with 16% in the TDF group. No 
patients with a normal T score at baseline in either 
group developed osteoporosis and there were no 
treatment-related fractures in either group.46

Various surrogate biomarkers for bone metabo-
lism were evaluated in the phase III trials and 
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support a reduced impact of TAF on bone safety 
compared with TDF. These included markers of 
bone resorption [C-type collage sequence (CTX)] 
and formation [procollagen type 1 N-terminal 
propeptide (P1NP), bone-specific alkaline phos-
phatase (bsAP), osteocalcin]. TAF recipients 
showed significantly smaller changes in these bio-
markers at week 48, from baseline, than those 
receiving TDF (p < 0.001) and these trends con-
tinued through to week 96.44–46

Renal safety
At 48 weeks, there were no renal-related serious 
adverse events or renal-related drug discontinua-
tions in either treatment groups in both phase III 
trials. No patients experienced proximal renal 
tubulopathy including Fanconi Syndrome.44,45 At 
week 48, median changes in eGFR were signifi-
cantly smaller in the TAF recipients compared 
with the TDF recipients (HBeAg-positive: −0.6 
versus −5.4 ml/min; p < 0.0001, HBeAg-negative: 
−1.8 versus −4.8 ml/min; p = 0.004).44,45

The lower impact of TAF, compared with TDF, 
on renal parameters continued to week 96. A 
pooled analysis of both study populations showed 
the mean increase in creatinine from baseline of 
0.003 mg/dl in patients receiving TAF was sig-
nificantly smaller than the increase of 0.019 mg/dl 
in patients receiving TDF (p = 0.001). Patients 
receiving TAF had a significantly smaller median 
decrease in eGFR, by Cockcroft-Gault equa-
tion, than patients receiving TDF (1.2 ml/min 
versus 4.8 ml/min respectively, p < 0.001).46 
Significantly fewer TAF recipients than TDF 
recipients experienced a ⩾25% reduction in 
eGFR (10 versus 18%; p < 0.001) at week 96, 
and analysis of factors associated with this level 
of decline identified diabetes mellitus, treatment 
with TDF, vitamin D level below the lower limit 
of the normal range, and baseline ALT value 
more than five times ULN by AASLD criteria to 
be independent predictors.46 Furthermore, in the 
open-label phase of each trial, in those patients 
who switched from TDF to TAF at week 96, 
there was a significant improvement in creatinine 
clearance at week 120 and the patients on long-
term TAF maintained stable creatinine clear-
ance.49 Some 1-year data, postswitch to TAF in 
the open-label phase, in a subset of patients with 
risk factors for TDF have recently been reported. 
At week 144, eGFR was significantly improved 
following switch to TAF (p ⩽ 0.023 for patients 

with no TDF risk factors; p = 0.008 for patients 
with ⩾1 TDF risk factor).50

TFV nephrotoxicity primarily occurs in the proxi-
mal tubule cells, so specific markers of tubular 
dysfunction were assessed. There were no signifi-
cant between-group differences in urine-protein-
to-creatinine or albumin-to-creatinine ratio 
(UACR) but significant differences were observed 
when more sensitive markers of proximal tubular 
dysfunction were assessed.46 Median percentage 
changes from baseline in both urine retinol-bind-
ing-protein-to-creatinine (RBP:CR) ratio and 
urine-β-2-microglobulin-to-creatinine (β2M:CR) 
ratio favoured TAF over TDF at week 48 (p < 0.001). 
Week 96 data continued to favour TAF over 
TDF in median change from baseline in both 
RBP:CR (HBeAg positive: 22.2 versus 55.6%, 
HBeAg negative: 18.5 versus 53.2%; both p < 
0.001) and β2M:CR (HBeAg positive: 9.5 versus 
55.7%, HBeAg negative: 10.8 versus 59.2%; both 
p < 0.001) ratios.46

Discussion
The use of IFNs and nucleos(t)ide analogues for 
the management of chronic hepatitis B has greatly 
improved patient outcomes. These therapies can 
achieve sustained HBV DNA suppression and 
reduce the progression of liver disease, ultimately 
preventing HCC and liver-related mortality.14–19 
NAs rarely result in HBsAg clearance, however, 
and have a marginal effect on cccDNA produc-
tion, the persistence of which remains a barrier to 
the complete eradication of the virus. Whilst cur-
rent treatments may decrease liver related mor-
bidity and mortality, long term therapy is usually 
required and can be associated with renal and 
bone toxicity.

Better understanding of the HBV life cycle, 
including information on the key nuclear enzymes 
involved in cccDNA formation, has enabled the 
identification of multiple new therapeutic targets 
currently under investigation. It is likely combina-
tion therapy, targeting multiple steps in the HBV 
life cycle with immune modulatory therapy will 
be needed to achieve the goal of HBV ‘cure’ and 
this will include a continued role for suppression 
of viral replication with nucleos(t)ide analogues. 
The development of TAF, specifically designed 
to deliver potent antiviral activity but with an 
improved safety profile compared with TDF, is 
therefore timely.
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Two large, multinational, phase III trials have 
demonstrated sustained antiviral efficacy of TAF 
that is non-inferior to TDF in patients with both 
HBeAg-positive and HBeAg-negative chronic 
HBV infection. The initial 48-week analysis 
reported no significant differences between the 
TAF and TDF groups in terms of other second-
ary efficacy endpoints: the proportion of patients 
with HBsAg seroconversion to anti-HBs, the pro-
portion of patients with HBeAg loss and the pro-
portion of patients with ALT normalization 
(assessed by central laboratory criteria). However, 
the proportion of patients with ALT normaliza-
tion was significantly lower in the TAF group 
when more stringent AASLD criteria were used 
for assessment. The recently published 96-week 
data confirm the efficacy outcomes seen at week 
48 and at this time point, significantly higher rates 
of ALT normalization were observed in the TAF 
treatment groups by both central laboratory crite-
ria and AASLD criteria. This finding was observed 
in both studies at most study time points so 
appears to be a real phenomenon.46 The exact 
mechanism behind this is yet to be established 
but the clinical significance was recently demon-
strated in a large cohort study from Hong Kong 
that followed 21,182 patients (10,437 with and 
10,745 without a normal ALT (<30U/l in males, 
<19U/l in females) at 12 months after antiviral 
treatment with TFV or entecavir) for 4.0 ± 1.7 
years. Patients with normal on-treatment ALT 
after antiviral treatment had lower risk of hepatic 
events with the cumulative incidence (95% CI) of 
composite hepatic events at 6 years being 3.51% 
(3.06–4.02%) in those with a normal ALT and 
5.70% (5.15–6.32%) in those without a normal 
ALT (p < 0.001).51

TAF and TDF were well tolerated in both phase 
III studies with low rates of early discontinuation 
(<1%) and adverse effects in both treatment 
groups at week 48. The changes in bone safety 
parameters were small but favoured TAF over 
TDF. Safety outcomes at week 96 were consist-
ent with week 48 results with significant smaller 
declines in hip and spine BMD in patients receiv-
ing TAF than those receiving TDF.

Effects on renal safety markers were similar to 
BMD findings. After 2 years of treatment, signifi-
cant differences in decreases in eGFR and sensi-
tive markers of proximal tubular dysfunction 
support that TAF has less of an impact on renal 
function than TDF. It is certainly encouraging 

that the decrease in adverse bone and renal effects 
in patients receiving TAF over TDF were observed 
after only 48 weeks of therapy and in those  
patients who switched from TAF to TDF, at the 
end of the double-blind phase (week 96), signifi-
cant improvements in bone and renal parameters 
occurred only 24 weeks after the switch.

Given concerns about renal and bone adverse 
effects with long term TDF, these safety out-
comes may be relevant for all patients with 
chronic hepatitis B who require therapy.25,26 They 
are especially relevant in light of results from a 
recent longitudinal cohort study in Taiwan of 
180,730 patients that showed patients with HBV 
to be at greater risk of developing osteoporosis 
than matched non-HBV controls, even after cor-
rection for multiple confounding factors.52 This 
improved safety profile allows for a broader popu-
lation of HBV-infected patients to potentially 
benefit from TFV antiviral therapy. Those who 
may benefit the most, however, are likely to be 
older patients, those with comorbidities or risk 
factors for the development of renal or bone 
disease.

Data relating to the use of TAF in certain specific 
populations are currently limited. To date, there 
are no specific human data on the use and safety 
of TAF during pregnancy but animal studies did 
not report any adverse foetal developmental 
effects.32 TAF, like TDF, is classified as US Food 
and Drug Administration pregnancy category B 
drug.

Although the phase III renal safety data are 
encouraging, these studies did not enrol patients 
with clinically significant renal impairment 
(eGFR < 50ml/min) and the majority of patients 
were under 65-years old without comorbidities. 
Similarly, there are no efficacy or safety data for 
patients with decompensated or advanced liver 
disease (Child-Pugh class B and C). Further 
studies are underway to evaluate the use of TAF 
in these key populations. The postliver transplant 
population are an important group with risk fac-
tors for renal and bone disease. A recent study 
evaluated short-term renal and bone safety in 
postliver transplant patients with chronic kidney 
disease receiving TAF for HBV prophylaxis. 
Patients maintained on TDF antiviral prophy-
laxis were randomized 1:1 to either switch to 
TAF 25 mg once daily or remain on TDF. In this 
trial, 47 patients reached week 12 (25 in TAF 
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group and 22 in TDF group). Mean baseline 
eGFR Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) was 52 ml/min/1.73m2 
with 53% of patients <50 ml/min/1.73 m2. The 
median time since liver transplant was 9 years. 
There were no treatment discontinuations. 
Switching to TAF treatment resulted in a trend 
toward improved serum creatinine levels (median 
change in mg/dl: −0.07 for TAF versus −0.02 for 
TDF; p = 0.09) as early as week 12.53

The efficacy of TAF in patients with resistance 
mutations associated with older nucleos(t)ide 
analogues is unclear. Although no evidence of 
TAF or TDF resistance was detected in the phase 
III studies through 96 weeks of treatment, very 
small numbers of patients had baseline mutations 
indicating resistance to lamivudine, adefovir or 
entecavir and efficacy data specifically for this 
group is not available.

As most chronic HBV patients require lifelong 
therapy, the cost of drugs is an important consid-
eration. In the United States, TAF has been 
approved with a similar price as TDF. Elsewhere, 
TAF may be much more expensive than TDF, 
limiting its use. With generic options for TDF 
and entecavir now available, it remains to be seen 
whether TAF will be a competitive, cost-effective 
alternative to the older NAs.

In conclusion, TAF is more efficient than TDF at 
delivering TFV into target hepatocytes with 
reduced impact on renal function and bone miner-
alization. TAF was included in the 2017 European 
Association for the Study of the Liver guidelines as 
a first-line agent for the treatment of chronic HBV 
infection in adults, and the recently updated 2018 
AASLD guidance also recommends TAF amongst 
preferred antiviral therapies in adults.13,54 Similarly, 
the 2018 expert consensus for the management of 
chronic hepatitis B in Asian Americans includes 
TAF as a preferred therapy.55 These guidelines 
support a role for TAF in the management of 
chronic hepatitis B and as encouraging as the phase 
III data for TAF is, substantially longer follow up 
will be required to determine if and how the differ-
ences in renal and bone safety parameters translate 
into clinical benefit over TDF.
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