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Abstract

HIV is a serious chronic medical condition. Significant improvements in antiretroviral therapy have led to a transformation in its
management. No curative treatment is available for HIV, and lifelong therapy is required with a combination of agents to control
viral replication and prevent complications. Some of the older agents are notorious for many side effects, making patient
compliance difficult, which is critical to preventing HIV resistance. Tenofovir is one of the newer, more tolerable, nucleotide
reverse transcriptase inhibitors on the market; is a mainstay of many antiretroviral therapy combinations; and is now available in 2
different formulations, tenofovir disoproxil fumarate (TDF) and, the more recent, tenofovir alafenamide (TAF). These 2
formulations have very different pharmacokinetics, which seem to affect their efficacy and safety. This manuscript provides
insight into the history of TDF and TAF development, their unique pharmacokinetics and pharmacology, clinically important
adverse effects, monitoring, interactions, resistance, review of clinical studies, and guideline recommendations and clinical
applications for tenofovir’s various indications.
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the Food and Drug Administration (FDA) approval for HIV in
2001, further revolutionizing disease management, serving as a
critical component of backbone therapy in many HIV-positive
patients.’

The management of hepatitis B virus (HBV) has also
evolved with the progression of antiviral therapy. Significant
improvements in controlling HBV and reduction of the inci-
dence of cirrhosis and hepatocellular carcinoma due to HBV
occurred over the past 2 decades. Currently, 8 medications are
approved for HBV treatment.* Tenofovir disoproxil fumarate

Introduction

Management of HIV and AIDS has evolved substantially over
the past 3 decades. As understanding of the retrovirus by the
scientific community increased, advancements in its manage-
ment and prevention soon followed. These advances shifted the
diagnosis of HIV/AIDS from a terminal illness to a serious, but
manageable, chronic medical condition.

The early part of HIV/AIDS epidemic in the United States
began in 1981, after numerous cases of individuals with severe
immune deficiency were reported. Six years later, zidovudine,
a nucleoside reverse transcriptase inhibitor (NRTI), was the
first medication approved for AIDS.! Following approval of
zidovudine, several other antiretroviral (ARV) agents were
developed, including new classes of medications and various
combinations of medications. By the mid- to late 1990s, it was
realized that one active agent against HIV was insufficient to

' Department of Pharmacy, NYU Langone Hospital, Brooklyn, NY, USA
2 College of Pharmacy and Health Sciences, St. John's University, Queens,
NY, USA

Corresponding Author:

suppress viral replication and improve immune function, driv-
ing a change in management to utilization of combination ther-
apy.? Tenofovir disoproxil fumarate (TDF), an NRTI, received
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What Do We Already Know about This Topic?

TDF and TAF are both recommended treatment options
for HIV and hepatitis B.

How Does Your Research Contribute to the
Field?

To our knowledge, this is the first review that summarizes
and provides insight on the clinically relevant differences
between TDF and TAF for all approved indications.

What Are Your Research’s Implications toward
Theory, Practice, or Policy?

The implications of our review focus on affecting practice
and highlighting relevant clinical and research information
regarding TDF and TAF to provide understanding when
caring for the HIV and hepatitis B population.

received FDA approval for HBV in 2008 and is currently con-
sidered a preferred treatment option by the HBV guidelines.’~
In 2015, a new formulation of tenofovir, tenofovir alafena-
mide (TAF), received FDA approval.® Approval of TAF further
transformed management of HIV and HBV, allowing for more
potent nucleotide transcriptase inhibitor with a different
adverse effect profile to be utilized as a mainstay of therapy.’
This review provides insight into the clinical pharmacology,
pharmacokinetics (PK), and therapeutics of tenofovir, review-
ing differences between the available formulations and consid-
erations for selecting between TDF and TAF. A complete list of
TDF- or TAF-containing regimens is provided in Table 1.

Ethical Approval and Informed Consent

Ethics approval and informed consent was not required for this
review of the literature.

Pharmacology/Pharmacokinetics

Tenofovir is a nucleotide analog (NA) of adenosine 5’-mono-
phosphate. In its parent form, tenofovir is a dianion at physio-
logic pH and is associated with poor membrane permeability
and low oral bioavailability. To improve oral bioavailability
and membrane permeability, tenofovir is commercially avail-
able as prodrugs, TDF and TAF.?!

After oral administration, TDF is hydrolyzed by gut and
plasma esterases to tenofovir, and TAF is metabolized mostly
intracellularly by cathepsin A to tenofovir.*** Tenofovir is
then activated to tenofovir—diphosphate intracellularly.”' This
conversion of TDF and TAF into their active form, tenofovir—
diphosphate, is similar for HIV and HBV management. Teno-
fovir—diphosphate works to inhibit HIV replication by

Table I. FDA Approved Combination ARV Agents Containing TAF
or TDF#"?

Cost
Brand Name Components Per Unit?®
NRTI combinations
Truvada TDF/emtricitabine $73.69
Descovy TAF/emtricitabine $73.69
Cimduo TDF/lamivudine $40.22
Combinations with integrase strand transfer inhibitors
Stribild Elvitegravir/cobicistat/TDF/ $135.87
emtricitabine
Genvoya Elvitegravir/cobicistat/ TAF/ $129.53
emtricitabine
Biktarvy Bictegravir/TAF/emtricitabine $129.53
Combinations with non-NRTIs
Complera Rilpivirine/TDF/emtricitabine $117.88
Atripla Efavirenz/TDF/emtricitabine $119.79
Delstrigo Doravirine/TDF/lamivudine $84.00
Symfi/Symfi Lo Efavirenz/TDF/lamivudine $65.38
Combinations with protease inhibitors
Symtuza Darunavir/cobicistat/ TAF/ $148.89

emtricitabine

Abbreviations: ARV agents, antiretroviral agents; FDA, Food and Drug
Administration; NRTI, nucleoside reverse transcriptase inhibitor;

TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

?Cost is represented as the average wholesale pricing in US dollars as per RED
BOOK_ 208-18

competing with the natural substrate deoxyadenosine 5'-tripho-
sphate for incorporation into DNA during HIV transcription.?'
Tenofovir—diphosphate inhibits replication of HBV by inhibit-
ing HBV polymerase.?

The prodrug TDF has demonstrated an improved PK profile
and improved antiviral activity compared to the parent tenofo-
vir in vitro and in vivo.?*?” In vitro, Robbins and colleagues
demonstrated a greater than 100-fold increase in anti-HIV
activity with TDF compared to tenofovir. They attribute this
improvement to a rapid intracellular uptake of TDF, resulting
in an increased intracellular accumulation of active tenofovir—
diphosphate.*® In vivo, Gasselin and colleagues showed that
single-dose oral TDF resulted in a nearly 8 times higher per-
ipheral blood mononuclear cell exposures to tenofovir—dipho-
sphate compared to subcutaneous tenofovir.?’

Tenofovir disoproxil fumarate, administered as a 300-mg
daily dose, has been used as a preferred backbone agent in the
management of HIV for years; however, issues with bone and
kidney toxicity have come to the forefront with widespread,
chronic use of this medication. In phase 3 clinical trials,
patients treated with TAF-containing regimens had signifi-
cantly smaller mean serum creatinine increases, significantly
less proteinuria, and significantly smaller decreases in bone
mineral density (BMD) at the spine and hip compared to those
given TDF-containing regimens.” These toxicities, coupled
with the need for long-term therapy with tenofovir, subse-
quently led to the FDA approval of TAF in 2015.

Compared to TDF, TAF has been identified as an alternative
tenofovir prodrug that more efficiently loads HIV target cells,
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allowing for a 10-fold increased activity against HIV in vitro.?
In vitro, TAF is more stable in plasma and is selectively
cleaved into its active metabolite intracellularly. In whole
blood, TAF concentrates mainly in mononuclear cells, such
as the T lymphocytes that serve as the primary site of HIV
replication.?>%2°

After oral absorption, the majority of TDF is rapidly con-
verted to tenofovir while in the plasma, and then intracellularly
to the active tenofovir diphosphate.®* Tenofovir alafenamide,
in contrast, remains stable within the plasma and is only con-
verted intracellularly to tenofovir and then the active tenofovir
diphosphate. Because of this, administration of TAF results in
lower circulating plasma tenofovir levels than with TDF. These
lower plasma levels of tenofovir are what lead to the differ-
ences in safety profile between TDF and TAF.?*~°

Adverse Effects and Monitoring

Both TDF and TAF are essential components of preferred ini-
tial HIV regimens because of their efficacy as well as improved
tolerability in comparison to older agents.*’ Common adverse
effects are similar, although TDF appears to be associated with
more bone and renal toxicities and TAF with increases in low-
density lipoprotein (LDL) and total cholesterol.

General adverse effects for TDF may include rash, diarrhea,
headache, pain, depression, asthenia, and nausea.>”> Nucleoside
reverse transcriptase inhibitors, including TDF, have been
associated with severe lactic acidosis and severe hepatomegaly
with steatosis.>* Risk factors include female sex, obesity, liver
disease, and long-term therapy with an NRTI. Extra caution
should be used when administering to patients with risk of liver
disease, but cases have occurred in patients with no known risk
factors. Patients should be monitored for any signs of an ele-
vated lactate and hepatic function test elevations.

Tenofovir disoproxil fumarate can potentially be nephro-
toxic and has been associated with new or worsening renal
impairment. The suspected mechanism for renal impairment
with the use of TDF is damage to the proximal tubule by
circulating plasma tenofovir.>* Tenofovir is renally eliminated
via active tubular secretion as well as passive glomerular fil-
tration. Tenofovir accumulates and causes renal damage at the
proximal tubule when there is an imbalance in the process of
plasma uptake and renal clearance.?” This manifests as a high
uptake of tenofovir into the plasma, with a less rapid efflux into
the urine. More severe manifestations can include renal failure
or Fanconi syndrome.** Risk factors for new or worsening
renal impairment may include advanced HIV disease, longer
treatment duration, low body weight (especially for female
sex), and preexisting renal impairment.>!

Renal function should be monitored prior to initiation and
throughout therapy as clinically appropriate, and caution
should be taken with administering TDF in combination with
other potentially nephrotoxic agents.’* Per US Prescribing
Information (USPI), it is recommended calculated creatinine
clearance (CrCl) be determined upon initiation as well as
throughout therapy as appropriate. Other measurements of

renal function to monitor in situations of suspected renal
impairment include serum phosphate, urine glucose, urine pro-
tein, urine phosphate, and urine calcium.** Concurrent use with
high-dose nonsteroidal anti-inflammatory drugs (NSAIDs) is
not recommended because of specific reports of renal failure
and hospitalizations in patients previously stable on TDF.
Overall, concurrent use with other potentially nephrotoxic
agents should be avoided if possible.

Because of its potential nephrotoxicity, TDF is to be used
with caution in patients with renal impairment.”’ Dosage
adjustments to every 48 to 96 hours intervals are required if
TDF is utilized with a CrCl < 50 mL/min. Tenofovir diso-
proxil fumarate has not been studied in patients with a CrCl <
10 mL/min.

Clinical studies of patients receiving TDF-containing regi-
mens suggest a potential decrease in BMD from baseline.>* The
clinical importance of these changes is unclear, but BMD assess-
ment is recommended for both adult and pediatric patients with
risk factors.”? Supplementation with calcium and vitamin D is
likely prudent in patients receiving TDF. Patients who develop
proximal tubule renal damage may be at risk of secondary osteo-
malacia and hypophosphatemia. These conditions should be
evaluated if a patient presents with renal dysfunction and new
or worsening bone symptoms. Generally, the initial decrease in
BMD with ART initiation is followed by a stabilization.*" In
comparison to TAF, BMD loss is greater with TDF.

Both adverse renal and bone effects appear to be more
apparent when TDF is administered as part of a PK-boosted
regimen.>' Frequently utilized PK boosters include cobicistat
and ritonavir. The US Department of Health and Human Ser-
vices (DHHS) Panel on ARV therapy recommends avoiding
concomitant use of TDF with PK boosters if feasible.

As noted earlier, unique PK of TAF results in lower plasma
and higher intracellular tenofovir concentrations, which allow
for less bone- and kidney-related adverse effects.”® The most
commonly reported adverse effects with TAF include abdom-
inal and back pain, headache, fatigue, cough, and nausea.®
Newer data suggest that TAF may be associated with elevated
lipids, fasting glucose, and increased risk of myocardial infarc-
tion, diabetes, and metabolic syndrome, compared with TDF >

Unlike TDF, TAF does not require renal dose adjustment for
CrCl greater than or equal to 15 mL/min, allowing for use in
some renal impairment populations more so than TDF.?*3?
Tenofovir alafenamide carries a warning for hepatic effects
as well as lactic acidosis and severe hepatomegaly similar to
TDF.?® The same risk factors and monitoring recommendations
apply, and treatment should be suspected if lactic acidosis or
severe hepatotoxicity develops.?

Despite lower risk of bone and renal toxicities, TAF has
been associated with elevated LDL, high-density lipoprotein
(HDL), and triglycerides in comparison to TDF.*® In one ran-
domized study of TAF versus TDF, cardiovascular safety end
points were monitored for 96 weeks, including fasting lipids,
proportion eligible for statin therapy, cardiovascular adverse
events, and estimated 10-year atherosclerotic cardiovascular
disease (ASCVD) risk.>’ No significant differences between
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groups were noted, except for the mean estimated 10-year
ASCVD risk comparing TAF versus TDF (6.1% versus
6.2%; P = .04).

Drug and Food Interactions

Unlike many other components of ARV therapy, both TDF and
TAF have minimal clinically significant drug—drug interactions
because of lack of CYP 450 enzymatic metabolism.>' Both
agents are substrates of BCRP/ABCG2, and P-glycoprotein/
ABCBI, and inhibitors of MRP2. Drugs that strongly affect
P-glycoprotein and BCRP activity may affect TAF
absorption.?

P-glycoprotein is an efflux pump found in intestinal tissue
and functions as a biological mechanism to transport toxins out
of cells.>® P-glycoprotein transport is infrequently a major con-
tributor to overall drug absorption, unless the dissolution rate of
the drug is very slow, or a small oral dose is given. The unique
pharmacology of TAF involves a much smaller dose than is
required with TDF, and it relies on metabolism intracellularly
rather than primarily in the plasma, making it much more
susceptible to clinically important drug interactions with
P-glycoprotein manipulation. P-glycoprotein inducers will
likely decrease the absorption of TAF, leading to potential
treatment failure.>> P-glycoprotein inhibitors will lead to an
increase in absorption of TAF and a higher than normal plasma
concentration of the drug. Strong P-glycoprotein inducers
include anticonvulsants (carbamazepine, oxcarbazepine, phe-
nobarbital, phenytoin), antimycobacterials (rifabutin, rifampin,
rifapentine), and the herbal product St. John’s wort, often used
for depression. The USPI recommends against the use of these
agents together with TAF because of risk of treatment failure.
The exception is carbamazepine, which has undergone a drug
interaction study. When utilizing carbamazepine together with
TAF, the recommendation is to increase TAF to twice-daily
administration instead of the standard once daily.

Because tenofovir is eliminated by the kidney, coadminis-
tration with other drugs competing for active tubular secretion
may increase the plasma concentration of tenofovir and/or the
coadministered drug.>>*® This drug interaction warning applies
to both TDF and TAF. Common examples of medications that
may compete for active tubular secretion in the kidney include
acyclovir, cidofovir, ganciclovir, valacyclovir, valganciclovir,
aminoglycosides, and NSAIDs.

The bioavailability of TDF is increased approximately 40%
by a fatty meal, but this does not affect administration recom-
mendations.** Tenofovir disoproxil fumarate may be taken
with or without food. Tenofovir alafenamide bioavailability
is increased approximately 65% by a high-fat meal.> Tt is
recommended that TAF be administered with food.**

Resistance

HIV drug resistance is caused by mutations that develop during
viral replication in the setting of inadequate ARV drug expo-
sure. When a single mutation causes resistance to other drugs in

the same ARV class, this is referred to as cross-resistance.
Mutations are represented by a codon number, preceded by a
letter indicating the amino acid in the wild-type virus, followed
by another letter indicating the amino acid substitution in the
mutant virus. For example, K65R indicates that there is a lysine
(K) to arginine (R) substitution at amino acid codon 65 in the
reverse transcriptase enzyme.

Resistance profiles are the same for both formulations of
tenofovir. However, it has been suggested that TAF may pro-
vide a higher level of protection against TDF-resistant mutant
viruses due its ability to achieve higher intracellular concentra-
tions.>® The primary mutation that compromises the activity of
TDF and TAF is K65R. The K65R mutation is associated with
cross-resistance to all other NRTIs, except zidovudine.>**?
The Q151M mutation alone can cause low-level resistance to
tenofovir, but intermediate resistance when found in combina-
tion with other mutations.** The presence of multiple thymi-
dine analog mutations (TAMs), such as M41L, D67N, K70R,
L210W, T215Y/F, and K219Q/E, can mediate tenofovir resis-
tance.’”***> Moreover, the presence of the T69 double serine
insertion mutation can further reduce the susceptibility of teno-
fovir in the presence of TAMs.>*® Resistance to tenofovir has
also been described with less common mutations such as K70E
and Y115F.*7*

Review of Clinical Studies

Numerous clinical studies have evaluated efficacy and safety of
transitioning patients from TDF-based regimens to TAF-based
regimens for both HIV and HBV.

Tenofovir Disoproxil Fumarate Versus TAF
for Management of HIV

Delesus and colleagues designed an actively controlled, open-
label, noninferiority study of virologically suppressed adult
patients on 1 of 4 TDF-containing regimens. Patients were
followed for at least 96 weeks and randomized to switch to a
TAF-containing regimen or continue their TDF-containing
regimen. The TAF regimen contained elvitegravir boosted with
cobicistat and emtricitabine. Patients were randomized in a 2:1
ratio, and a total of 959 TAF patients and 477 TDF-treated
patients were included for analysis.*’

At 96 weeks, TAF demonstrated superiority over TDF, with
93% versus 89% of patients having virologic suppression of
HIV RNA to < 50 copies/mL (P = .017). Regardless of previ-
ous treatment, the mean BMD of the hip and spine increased in
the TAF group but remained stable or decreased in the TDF
group (P < .001). Patients with spine or hip osteopenia or
osteoporosis had a higher rate of recovery in the TAF group
versus the TDF group. The TAF group had improved renal
effects with significant improvements in proteinuria or albumin
to creatinine ratios (P < .001). Fasting values of total choles-
terol, HDL, LDL, and triglycerides were higher in the TAF
group versus the TDF group, which was statistically signifi-
cant, but of unknown clinical significance.*’
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The EMERALD trial investigated the efficacy and safety of
switching from boosted protease inhibitors plus emtricitabine
and TDF regimens to single tablet darunavir, cobicistat, emtri-
citabine, and TAF at 48 weeks in virologically suppressed
HIV-1-infected adults. Although the study found the single-
tablet regimen containing TAF to be non-inferior to boosted
protease inhibitors plus emtricitabine and TDF regimens in
terms of efficacy, it did find statistically significant differences
in change in total fasting cholesterol, LDL-cholesterol, and
total cholesterol to HDL-cholesterol ratio between the 2 study
arms. Patients receiving the TAF containing regimen had sig-
nificant increases in total fasting cholesterol (19.7 mg/dL ver-
sus 1.3 mg/dL, P < .0001), LDL-cholesterol (15.7 mg/dL
versus 1.9 mg/dL, P < .0001), and total cholesterol to HDL-
cholesterol ratio (0.2 versus 0.1, P = .01). Despite these
increases, the clinically relevance of TAFs impact on lipids
was not established. Effects on renal and bone outcomes were
nonsignificant; however, patients treated with TAF had preser-
vation of estimated glomerular filtration rate (¢GFR), less tub-
ular proteinuria, and improvements in BMD scores compared
to TDF-treated patients.>

Sax and colleagues evaluated the safety and efficacy of
TAF as part of elvitegravir/cobicistat/emtricitabine versus
TDF as part of elvitegravir/cobicistat/emtricitabine in a ran-
domized, multicenter trial. Results at week 48 demonstrated
high rates of viral suppression among both groups (88.4%
versus 87.9%) with similar improvements in CD4 count.
Similar to previous studies, patients receiving TAF had
smaller reductions in estimated CrCl (—5.5 mL/min versus
—10.1 mL/min, P = .041), significantly less proteinuria, and
smaller changes in BMD for hip (—0.62% versus —2.39%,
P < .001) and spine (—1.00% versus —3.37%, P < .001).>°
At 96 weeks, 86.6% in the TAF arm and 85.2% in the TDF
arm were virally suppressed (difference 1.5%; 95% confi-
dence interval [CI]: —1.8% to 4.8%)]. Smaller declines in
BMD and more favorable changes in proteinuria and albumi-
nuria continued to be observed in TAF-treated patients.”’ At
144 weeks, TAF was superior to TDF in virologic efficacy
(84.2% versus 80.0%; 95% CI: 0.6%-7.8%). Tenofovir alafe-
namide also continued to have less impact on BMD and renal
biomarkers compared to TDF.*¢

The ADVANCE trial is an ongoing, phase III, open-label,
randomized trial conducted in South Africa in which dolute-
gravir plus emtricitabine plus TDF or TAF were compared to
standard of care for the treatment of HIV. Over 1000 partici-
pants were enrolled and followed for 96 weeks. Results at week
48 showed viral suppression to an HIV-1 RNA level of <50
copies/mL in 84% in the TAF group and 85% in the TDF group
compared to 79% in the standard-of-care group, demonstrating
non-inferiority of both tenofovir-based regimens. The TAF-
based regimen had less effect on bone density and renal func-
tion than the other regimens. Notably, weight increase was
greatest in the TAF-based group and among female patients.>?

In a recent abstract by Surial and colleagues, 3430 patients
from the Swiss HIV cohort study receiving TDF- or TAF-
containing ARV therapy were followed for changes in renal

function. If baseline eGFR was >90 mL/min, after 18 months
eGFR trajectories were similar between the TDF and TAF
groups (predicted difference in eGFR: 0.3 mL/min, 95% CI:
1.5-2.0 mL/min). If baseline eGFR was <60 mL/min, differ-
ence in eGFR at 18 months was 9.6 mL/min (95% CI: 5.1-14.0
mL/min) between patients receiving TAF compared to those
receiving TDF. The authors concluded that there was an
increase in eGFR over time in TAF compared to TDF in
patients with moderate-to-severe renal impairment.>

In a recently published meta-analysis of 11 randomized
clinical trials, Hill and colleagues sought to investigate if the
higher risk of renal and bone adverse effects seen with TDF in
comparison to TAF was associated with the concurrent use of
the PK boosters ritonavir or cobicistat, rather than TDF’s
higher plasma concentration. They also sought to investigate
any differences in efficacy of viral suppression between TAF
and TDF with and without PK boosting. Nine of the reviewed
clinical trials included in the aforementioned meta-analysis
were studied in an HIV-1 population and 2 in HBV. The 11
trials consisted of over 4500 patients receiving boosted regi-
mens and over 3500 patients receiving unboosted regimens.
Participants across these trials were predominantly male
(83%), white (59%), and had a mean age of 41 years.”* Of
note, no direct studies of unboosted TAF versus unboosted
TDF have been conducted to date.

Results from the meta-analysis demonstrated that patients
taking boosted TAF had 2% higher rates of HIV RNA suppres-
sion <50 copies/mL in comparison to boosted TDF (95% CIL:
0%-4%, P = .05). No significant differences in HIV RNA
suppression were observed in those taking unboosted regimens.
Discontinuation secondary to renal adverse events was 1%
lower in patients receiving boosted TAF versus boosted TDF
(95% CI: —1% to 0%, P = .002).>*

The risk of bone fractures with boosted TAF compared to
boosted TDF was 1% lower (P = .04). Patients taking boosted
TAF were significantly less likely to stop treatment secondary
to bone adverse effects than those taking boosted TDF
(P = .03). No differences in risk of fractures or bone-
related adverse events between unboosted TDF and TAF were
detected.>

Patients with boosted TDF showed a statistically significant
lower rate of HIV RNA suppression of <50 copies/mL
(P = .05), as well as larger decreases in BMD (P = <.001),
more bone fractures (P = .04), and more discontinuations for
bone (P = .03) or renal (P = .002) adverse events. There were
no significant differences in HIV RNA suppression rates when
comparing unboosted TDF and unboosted TAF.>*

This meta-analysis highlights that the differences in TDF
and TAF safety profile may have less to do with the formula-
tions themselves, and more so when combined with PK boos-
ters that further increase the drug’s area under the curve. When
looking at initial recommended regimens for ART, PK boosters
are generally not recommended together with TDF or TAF.
These data provide some indication of the safety of utilizing
TDF, especially if no PK booster is combined.>*
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Tenofovir Disoproxil Fumarate Versus TAF
for Management of HIV Pre-Exposure Prophylaxis

Tenofovir disoproxil fumarate in combination with emtricita-
bine was the initial formulation of tenofovir FDA approved
for HIV pre-exposure prophylaxis (PrEP). Recently released
data from the DISCOVER trial support the use of TAF in
combination with emtricitabine as an effective and safe means
of PrEP, leading to its FDA approval for HIV PrEP in certain
patient populations. The DISCOVER trial is a phase III, ran-
domized, parallel, double-blind study evaluating the safety
and efficacy of fixed-dose emtricitabine (F) and TAF for PrEP
in men and transgender women who have sex with men and
are at risk of HIV-1 infection. The primary outcome of the
study is the incidence of HIV-1 infection per 100 person-years
in patients who receive F/TAF versus F/TDF. Secondary out-
comes include changes in BMD, renal function, and develop-
ment of ARV resistance.’” The study enrolled over 5000
participants at risk of HIV acquisition, half received daily
F/TAF and the other half received daily F/TDF. Participants
were followed up for up to 96 weeks. In total, 22 new HIV
infections occurred over the course of the study, 7 in the F/
TAF group, and 15 in the F/TDF group, demonstrating the
non-inferiority of F/TAF compared to F/TDF for HIV PrEP.
Both regimens were well tolerated; however, F/TAF had sig-
nificantly better bone and renal safety outcomes compared to
F/TDF.>®

Tenofovir Disoproxil Fumarate Versus TAF
for Management of HBV

Recently, 96-week data from 2 ongoing international, phase
III, randomized, double-blind trials evaluating the safety
and efficacy of TAF versus TDF for the treatment of
chronic HBV infection were released. The trials enrolled
both treatment-naive and treatment-experienced patients,
with and without positive hepatitis B envelope antigen
(HBeAg), randomizing patients in a 2:1 ratio to receive
TAF 25-mg orally once daily or TDF 300 mg orally once
daily. In total, 866 patients received TAF and 432 received
TDF. At week 96, rates of viral suppression were similar in
HBeAg-positive patient receiving TAF and TDF (73%
versus 75%, 95% CI: —8.3% to 3.9%; P = .47) and in
HBeAg-negative patients receiving TAF and TDF (90% ver-
sus 91%, 95% CI: —7.0% to 5.8%; P = .84). The study
concluded that TAF remained as effective as TDF in sup-
pressing HBV replication over the 2-year treatment period,
without development of virologic resistance.”’

Additionally, TAF was associated with significantly higher
resolution of elevated ALT at week 96 of treatment, significantly
smaller decreases in BMD in the hip (mean % change —0.33%
versus —2.51%) and lumbar spine (mean % change —0.75%
versus —2.57%), and a significantly smaller changes in eGFR
(—1.2 mg/dL versus —4.8 mg/dL).%” These findings demonstrate
the continued safety of TAF compared to TDF.

Guidelines, Recommendations, and Clinical
Application for the Use of TDF and TAF
(H1V, PrEP, PEP, and HBYV)

Guidelines, Recommendations, and Clinical Application
for the Use of TDF and TAF in HIV

Nucleoside reverse transcriptase inhibitors are essential constitu-
ents that make up the backbone of a complete ARV regimen. As
per the Guidelines for the Use of Antiretroviral Agents in Adults
and Adolescents Living with HIV, an ARV regimen for treatment-
naive patients should consist of 2 NRTIs in combination with a
third active drug from one of the following classes: integrase
strand transfer inhibitor, non-NRT]I, or protease inhibitor with a
PK enhancer. Of the 7 US FDA-approved NRTIs for HIV treat-
ment, tenofovir is a primary agent recommended by the DHHS.>'

Tenofovir alafenamide or TDF in combination with emtrici-
tabine or abacavir plus lamivudine are the preferred NRTI com-
binations in initial ARV regimens.3 ! Safety, cost, and access are
some factors to consider when choosing between the 2 formula-
tions of tenofovir. As discussed previously, TAF has fewer bone
and renal toxicities when compared to TDF, while TDF is asso-
ciated with lower lipid levels.*>' Both formulations of tenofovir
are available in different combination tablets for ease of admin-
istration. Table 1 includes a comprehensive list of available
FDA-approved combination ARV agents containing TAF or
TDF and their costs in the United States.

Of note, the World Health Organization currently does not
recommend TAF-based regimens for use in HIV treatment due
to gaps in data. These gaps include safety of use in pregnant
women and lack of experience in patients receiving concurrent
treatment for tuberculosis.’® Additionally, as seen in the
ADVANCE trial, there is an increased risk of developing clinical
obesity when TAF is used in combination with dolutegravir.>?

Guidelines, Recommendations, and Clinical Application
for the Use of TDF and TAF in PrEP

Pre-exposure prophylaxis encompasses the use of ARV agents
in reducing the risk of acquiring HIV infection in high-risk
individuals. The Centers for Disease Control and Prevention
(CDC) endorses the use of once-daily oral TDF or TAF and
emtricitabine, in conjunction with patient counseling and mon-
itoring, to prevent new HIV infections in adults who are at
substantial risk.>® The 2017 CDC guidelines recommend PrEP
for adults who meet the following criteria: sexually active adult
men who have sex with men (MSM), adult heterosexually
active men and women who do not regularly use condoms with
partners of unknown HIV status who may be at high risk of
contracting HIV, and adult persons who inject drugs (PWID).>’

Truvada, a co-formulated tablet of TDF 300 mg and emtrici-
tabine 200 mg, is FDA approved for the indication for PrEP in
adults and adolescents weighing at least 35 kg.®® Tenofovir dis-
oproxil fumarate alone may be considered an alternative regimen
in heterosexually active adults and PWID, but not for MSM, since
efficacy has not been studied in this population.®®-¢'6>
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Results from a phase 1 PK study showed TAF exhibited
lower mucosal tenofovir concentrations compared with TDF,
which led to concerns that TAF may be less effective for
PrEP.%> However, more recent data from the phase 3 DIS-
COVER study showed non-inferiority of TAF to TDF when
used in combination with emtricitabine for PrEP in cisgender
MSM and transgender women.’® Data from this trial led to the
FDA approval of TAF in combination with emtricitabine for
PrEP.*

Guidelines, Recommendations, and Clinical Application
for the Use of TDF and TAF in PEP

Postexposure prophylaxis (PEP) with ARV agents is warranted
in individuals after a potential exposure to HIV in order to
prevent becoming HIV-infected. A 28-day course of PEP
should be initiated within 72 hours to HIV-negative persons
after an exposure to blood, genital secretions, or other poten-
tially infected body fluids of persons known to be HIV-infected
or of unknown HIV status.®* Unlike PrEP, there are insufficient
data to recommend a specific combination of ARV agents as
the most effective regimen in PEP.

Based on evidence demonstrating maximal viral suppression
in the treatment of HIV when at least 3 ARV drugs are used, the
CDC recommends a 3-drug PEP regimen in order to prevent
becoming HIV-infected after a potential exposure. In adults and
adolescents at least 13 years old with normal renal function
(CrCl >60 mL/min), a 3-drug regimen consisting of TDF
300 mg co-formulated with emtricitabine 200 mg (Truvada)
once daily with raltegravir 400 mg twice daily or dolutegravir
50 mg once daily is preferred.®* A 3-drug regimen consisting of
TDF, emtricitabine, and raltegravir dosed based on body weight
is preferred for PEP in children 2 to 12 years old.

Guidelines, Recommendations, and Clinical Application
for the Use of TDF and TAF in HBV

Both TDF and TAF are FDA-approved and preferred therapies
in treatment of chronic HBV in both treatment-naive and
treatment-experienced patients.” Compared to other available
HBYV therapies, TDF and TAF demonstrate increased HBV-
DNA suppression, regardless of the HBeAg status of the patient
and maintain a higher barrier to resistance.’ In the management
of antiviral resistance, TDF has been shown to remain effective
in HBV resistant to other NAs such as lamivudine, adefovir,
and entecavir.®>7 Tenofovir disoproxil fumarate is the pre-
ferred salvage therapy, particularly in patients in whom the
history of past NAs is unclear.’ In patients with HBV coin-
fected with HIV, tenofovir (TDF or TAF) plus lamivudine or
emtricitabine is recommended.®’ Although there is more expe-
rience with TDF compared with TAF in HBV, TAF appears to
be equally effective and is associated with less renal and bone
toxicity.*¢®

Conclusion

Both TDF and TAF serve as vital components in preferred
treatment regimens for HIV and HBV. The agents have similar
efficacy and unique adverse effect profiles. The main pharma-
cologic differences between the 2 formulations of tenofovir are
decreases in renal and bone adverse effects, and increases in
total cholesterol and LDL observed with TAF. The increased
rate of bone and kidney adverse effects associated with TDF
was attributed to its use in combination with a PK booster.
When utilized without a PK booster, TDF’s renal and bone
effects may be similar to TAF, although no clinical studies
comparing TAF and TDF in this setting have been conducted.
Due to the nature of HIV and HBV management requiring
chronic lifelong treatment, the choice between TAF or TDF
should be based on patient specific factors, concomitant use
of other ARV agents, and cost.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Chanie Wassner, PharmD, BCCCP, BCIDP
0003-3790-169X

https://orcid.org/0000-

References

1. Overview: History: A timeline of HIV and AIDS HIV.gov. 2020.
https://www.hiv.gov/hiv-basics/overview/history/hiv-and-aids-
timeline. Accessed April 2020.

2. Maenza J, Flexner N. Combination antiretroviral therapy for HIV
infection. Am Fam Physician. 1998;57(11):2789-2798.

3. Production approval timeline. Gilead. February 2018. https://
www.gilead.com/medicines/product-approval-timeline.
Accessed December 2018.

4. Halegoua-De Marzio D, Hann H. Then and now: the progress in
hepatitis B treatment over the past 20 years. World J Gastroen-
terol. 2014;20(2):401-413.

5. Terrault N, Lok A, McMahnon B, et al. Practice guidance: update
on prevention, diagnosis, and treatment of chronic hepatitis B:
AASLD 2018 Hepatitis B guidance. Hepatology. 2018;67(4):
1560-1599.

6. Genvoya® (elvitegravir, cobicistat, emtricitabine, and tenofovir-
alafenamide) [package insert]. Foster City, CA. Gilead Sciences
Inc; Revised February 2019. https://www.gilead.com/-/media/
files/pdfs/medicines/hiv/genvoya/genvoya_pi.pdf.

7. Sax PE, Wohl D, Yin MT, et al. Tenofovir alafenamide versus
tenofovir disoproxil fumarate coformulated with elvitegravir,
cobicistat and emtricitabine for initial treatment of HIV-1 infec-
tion: two randomized, double blind, phase 3, non-inferiority trials.
Lancet. 2015;385(9987):2606-2615.


https://orcid.org/0000-0003-3790-169X
https://orcid.org/0000-0003-3790-169X
https://orcid.org/0000-0003-3790-169X
https://orcid.org/0000-0003-3790-169X
https://www.hiv.gov/hiv-basics/overview/history/hiv-and-aids-timeline
https://www.hiv.gov/hiv-basics/overview/history/hiv-and-aids-timeline
https://www.gilead.com/medicines/product-approval-timeline
https://www.gilead.com/medicines/product-approval-timeline
https://www.gilead.com/-/media/files/pdfs/medicines/hiv/genvoya/genvoya_pi.pdf
https://www.gilead.com/-/media/files/pdfs/medicines/hiv/genvoya/genvoya_pi.pdf

Journal of the International Association of Providers of AIDS Care

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Truvada. RED BOOK Online. IBM Micromedex [database

online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

. Descovy. RED BOOK Online. IBM Micromedex [database

online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Cimduo. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Stribild. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/
ssl/true. Accessed January 2, 2020.

Genvoya. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Biktarvy. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Complera. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Atripla. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/
ssl/true. Accessed January 2, 2020.

Delstrigo. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Symfi. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/
ssl/true. Accessed January 2, 2020.

Symfi Lo. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Symtuza. RED BOOK Online. IBM Micromedex [database
online]. Greenwood Village, CO: Truven Health Analytics;
2019. https://www.micromedexsolutions.com/home/dispatch/ssl/
true. Accessed January 2, 2020.

Buti M, Gane E, Seto WK, et al. Tenofovir alafenamide versus
tenofovir disoproxil fumarate for the treatment of patients with
HBeAg-negative chronic hepatitis B virus infection: a rando-
mised, double-blind, phase 3, non-inferiority trial. Lancet Gastro-
enterol Hepatol. 2016;1(3):196-206.

Kearney B, Flaherty J, Shah J. Tenofovir disoproxil fumarate
clinical pharmacology and pharmacokinetics. Clin Pharmacoki-
net. 2004;43(9):595-612.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ray A, Fordyce M, Hitchcock M. Tenofovir alafenamide: a novel
prodrug of tenofovir for the treatment of HIV. Antiviral Res.
2016;125: 3-70.

Birkus G, Kutty N, He GX, et al. Activation of 9-[(R)-2-
[L(S)-[[(S)-1-(Isopropoxycarbonyl)ethyl]amino] phenoxypho-
sphinyl]-methoxy]propyl]adenine (GS-7340) and other tenofovir
phosphonoamidate prodrugs by human proteases. Mol Pharma-
col. 2008;74(1):92—-100.

Birkus G, Wang R, Liu X, et al. Cathepsin A is the major hydro-
lase catalyzing the intracellular hydrolysis of the antiretroviral
phophonoamidate prodrugs GS-7340 and GC-9131. Antimicrob
Agents Chemother. 2007;51(2):543-550.

Vemlidy (tenofovir alafenamide) [product monograph]. Foster
City, CA: Gilead Sciences, In; February 2019. https://www.
gilead.com/ ~ /media/files/pdfs/medicines/liver-disease/vemlidy/
vemlidy_pi.pdf?la=en. February 2020.

Robbins BL, Srinivas RV, Kim C, Bischotberger N, Fridland A.
Anti-human immunodeficiency virus activity and cellular meta-
bolism of a potential prodrug of the acyclic nucleoside phospho-
nate 9-R-(2-phosphonomethoxypropyl) adenine (PMPA),
Bis(isopropyloxymethylcarbonyl)PMPA. Antimicrob. Agents
Chemother. 1998;42(3):612—617.

Gasselin LD, Van Rompay KK, Vela JE, et al. Nucleotide analo-
gue prodrug tenofovir disoproxil enhances lymphoid cell loading
following oral administration in monkeys. Mol. Pharm. 2009;
6(4):1145-1151.

Lee W, He G, Einsenberg E, et al. Selective intracellular activa-
tion of a novel prodrug of the HIV reverse transcriptase inhibitor
tenofovir leads to preferential distribution and accumulation in
lymphatic tissue. Antimicrob Agents Chemother. 2005;49(5):
1898-1906.

Callebaut C, Stepan G, Tian Y, Miller MD. In vitro virology
profile of tenofovir alafenamide, a novel oral prodrug of tenofovir
with improved antiviral activity compared to that of tenofovir
disoproxil fumarate. Antimicrob Agents Chemother. 2015;
59(10):5909-5916.

Babusis D, Phan TK, Lee WA, Watkins WJ, Ray AS. Mechanism
for effective lymphoid cell and tissue loading following oral
administration of nucleotide prodrug GS-7340. Mol Pharm
2013;10(2):459-466.

Panel on Antiretroviral Guidelines for Adults and Adolescents.
Guidelines for the Use of Anti-retroviral Agents in HIV-1-
Infected Adults and Adolescents. Department of Health and
Human Services. December 2019. http://aidsinfo.nih.gov/content
files/lvguidelines/AdultandAdolescentGL.pdf. Accessed January
31, 2019.

Tenofovir disoproxil fumarate. AHFS® Drug Information.
Bethesda, MD: American Society of Health-System Pharma-
cists, Inc; Updated June 20, 2018. Accessed January 31, 2019.
Viread® (tenofovir disoproxil fumarate) [package insert]. Foster
City, CA: Gilead Sciences, Inc; Revised April 2019. https:/www.
gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/
viread_pi.pdf. Accessed 31 January 2019.

Fernandez BF, Ferrer AM, Sanz AB, et al. Tenofovir nephrotoxi-
city: 2011 update. AIDS Res Treat. 2011;2011:354908.


https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.gilead.com/~/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy_pi.pdf?la=en
https://www.gilead.com/~/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy_pi.pdf?la=en
https://www.gilead.com/~/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy_pi.pdf?la=en
https://www.gilead.com/~/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy_pi.pdf?la=en
https://www.gilead.com/~/media/files/pdfs/medicines/liver-disease/vemlidy/vemlidy_pi.pdf?la=en
http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/viread_pi.pdf
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/viread_pi.pdf
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/viread/viread_pi.pdf

Wassner et al

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Orkin C, Molina JM, Negredo E, et al. Efficacy and safety of
switching from boosted protease inhibitors plus emtricitabine
and tenofovir disoproxil fumarate regimens to single-tablet dar-
unavir, cobicistat, emtricitabine, and tenofovir alafenamide at 48
weeks in adults with virologically suppressed HIV-1 (EMER-
ALD): a phase 3, randomised, non-inferiority trial. Lancet HIV.
2018;5(1):e23—e34.

Arribas JR, Thompson M, Sax PE, et al. Randomized, double-
blind comparison of tenofovir alafenamide (TAF) vs tenofovir
disoproxil fumarate (TDF), each coformulated with elvitegravir,
cobicistat, and emtricitabine (E/C/F) for initial HIV-1 Treat-
ment: Week 144 Results. J Acquir Immune Defic Syndr. 2017,
75(2):211-218.

Huhn G, Shamblaw D, Baril JG, et al. Atherosclerotic CVD risk
profile of tenofovir alafenamide (TAF) vs tenofovir disoproxil
fumarate. Presented at the 18th International Workshop on
Co-morbidities and Adverse Drug Reactions in HIV; September
12-13, 2016, New York, NY. http://www.natap.org/2016/AGE/
AGE_17.htm. Accessed September 20, 2019.

Lin JH, Yamazaki M. Role of P-glycoprotein in pharmacoki-
netics. Clin Pharmacokinet. 2003;42(1):59—-89.

Margot NA, Johnson A, Miller MD, et al. Characterization of
HIV-1 resistance to tenofovir alafenamide in vitro. Antimicrob
Agents Chemother. 2015;59(10):5917-5924.

Wainberg MA, Miller MD, Quan Y, et al. In vitro selection and
characterization of HIV-1 with reduced susceptibility to PMPA.
Antivir Ther. 1999;4(2):87-94.

Miller MD.K65R, TAMs, and tenofovir. AIDS Rev. 2004;6(1):
22-33.

Johnson V, Vezient FB, Clotet B, et al. Update of the drug resis-
tance mutations in HIV-1: 2007. Top HIV Med. 2007;15(4):
119-125.

White KL, Chen JM, Feng Y, et al. The K65R reverse tran-
scriptase mutation in HIV-1 reverses the excision phenotype of
zidovudine resistance mutations. Antivir Ther. 2006;11(2):
155-163.

Melikian GL, Rhee SY, Taylor J, et al. Standardized comparison
of the relative impacts of HIV-1 reverse transcriptase (RT) muta-
tions on nucleoside RT inhibitor susceptibility. Antimicrob Agents
Chemother. 2012;56(5):2305-2313.

Miller M, Margot N, Lu B, et al. Genotypic and phenotypic pre-
dictors of the magnitude of response to tenofovir disoproxil fuma-
rate treatment in antiretroviral-experienced patients. J Infect Dis.
2004;189(5):837-846.

White KL, Chen JM, Margot NA, et al. Molecular mechan-
isms of tenofovir resistance conferred by human immunode-
ficiency virus type 1 reverse transcriptase containing a
diserine insertion after residue 69 and multiple thymidine
analog-associated mutations. Antimicrob Agents Chemother.
2004;48(3):992-1003.

Cremer NS, Sheen CW, Zelina S, et al. Molecular mechanism by
which the K70E mutation in human immunodeficiency virus type
1 reverse transcriptase confers resistance to nucleoside reverse
transcriptase inhibitors. Antimicrob Agents Chemother. 2007;
51(1):48-53.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Rhee SY, Varghese V, Holmes SP, et al. Mutational correlates of
virological failure in individuals receiving a WHO-recommended
tenofovir-containing first-line regimen: an international colla-
boration. EBio Med. 2017;18:225-235.

Delesus E, Haas B, Maurer SS, et al. Superior efficacy and
improved renal and bone safety after switching from a tenofovir
disoproxil fumarate- to a tenofovir alafenamide-based regimen
through 96 weeks of treatment. AIDS Res Hum Retroviruses.
2018;34(4):337-342.

Sax PE, Zolopa A, Brar I, et al. Tenofovir alafenamide vs
tenofovir disoproxil fumarate in single tablet regimens for
initial HIV-1 therapy. J Acquir Immune Defic Syndr. 2014;
67(1):52-58.

Wohl D, Oka S, Clumeck N, et al. Brief report: a randomized,
double-blind comparison of tenofovir alafenamide versus
tenofovir disoproxil fumarate, each coformulated with elvite-
gravir, cobicistat, and emtricitabine for initial HIV-1 treat-
ment: week 96 results. J Acquir Immune Defic Syndr. 2016;
72(1):58-64.

Venter WDF, Moorhouse M, Sokhela S, et al. Dolutegravir plus
two different prodrugs of tenofovir to treat HIV. N Engl J Med.
2019; 381(9):803-815.

Surial B, Ledergerber B, Cavassini M, et al. Renal function tra-
jectories after switching from TDF to TAF: a nationwide cohort
study. 10th IAS conference on HIV science abstract Supplement.
J Int AIDS Soc. 2019;22(suppl 5):€25327.

Hill A, Hughes SL, Gothan D, Pozniak AL. Tenofovir alafena-
mide versus tenofovir disoproxil fumarate: is there a true differ-
ence in efficacy and safety? J Virus Erad. 2018;4(2):72-79.
ClinicalTrials.gov. Safety and Efficacy of Emtricitabine and Teno-
fovir Alafenamide (F/TAF) Fixed-Dose Combination Once Daily
for Pre-Exposure Prophylaxis in Men and Transgender Women
Who Have Sex With Men and Are at Risk of HIV-1 Infection (DIS-
COVER). https://clinicaltrials.gov/ct2/show/NCT02842086.
Accessed February 24, 2019.

Hare CB, Coll J, Ruane P, et al. The Phase 3 Discover Study:
Daily F/TAF or F/TDF for HIV Pre-Exposure Prophylaxis. Pre-
sented at the Conference on Retroviruses and Opportunistic Infec-
tions, March 4-7, Boston, MA. 2019.

Agarwal K, Brunetto M, Seto WK, et al. 96 weeks treatment of
tenofovir alafenamide vs. tenofovir disoproxil fumarate for hepa-
titis B virus infection. J Hepatol. 2018;68(4):672—681.

World Health Organization. Updated Recommendations on First-
Line and Second-Line Antiretroviral Regimens and Post-
Exposure Prophylaxis and Recommendations on Early Infant
Diagnosis of HIV. Geneva, Switzerland: Supplement to the
2016 Consolidated Guidelines. December 2018.

Centers for Disease Control and Prevention. Prexposure Prophy-
laxis for the Prevention of HIV Infection in the United States.
2017. https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guide
lines-2017.pdf. Accessed February 16, 2019.

Truvada® (emtricitabine and tenofovir disoproxil fumarate)
[package insert]. Foster City, CA. Gilead Sciences, Inc: Revised
May 2018. https://www.gilead.com/ ~/media/Files/pdfs/medi
cines/hiv/truvada/truvada_pi.pdf. Accessed 31 January 2019.


http://www.natap.org/2016/AGE/AGE_17.htm
http://www.natap.org/2016/AGE/AGE_17.htm
https://clinicaltrials.gov/ct2/show/NCT02842086
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017.pdf
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017.pdf
https://www.gilead.com/~/media/Files/pdfs/medicines/hiv/truvada/truvada_pi.pdf
https://www.gilead.com/~/media/Files/pdfs/medicines/hiv/truvada/truvada_pi.pdf
https://www.gilead.com/~/media/Files/pdfs/medicines/hiv/truvada/truvada_pi.pdf

Journal of the International Association of Providers of AIDS Care

61.

62.

63.

64.

Choopanya K, Martin M, Suntharasamai P, et al. Antiretroviral
prophylaxis for HIV infection in injecting drug users in Bangkok,
Thailand (the Bangkok Tenofovir Study): a randomized, double-
blind, placebo-controlled phase 3 trial. Lancet. 2013;381(9883):
2083-2090.

Baeten JM, Donnell D, Ndase P, et al. Antiretroviral prophylaxis
for HIV prevention in heterosexual men and women. N Engl J
Med. 2012;367(5):399-410.

Garrett K, Cottrell ML, Prince HM. Concentrations of TFV and
TFVdp in female mucosal tissues after a single dose of TAF.
Presented at the Conference on Retroviruses and Opportunistic
Infections, February 22-25, 2016, Boston, MA. Abstract# 102LB.
Centers for Disease Control and Prevention. Updated Guidelines
for Antiretroviral Postexposure Prophylaxis After Sexual,
Injection Drug Use, or Other Nonoccupational Exposure to
HIV—United States. 2016. https://www.cdc.gov/hiv/pdf/program
resources/cdc-hiv-npep-guidelines.pdf.

65.

66.

67.

68.

Fung S, Kwan P, Fabri M, et al. Tenofovir disoproxil fumarate
(TDF) vs. emtricitabine (FTC)/TDF in lamivudine resistant
hepatitis B: A S-year randomized study. J Hepatol 2017;
66(1):11-18.

Berg T, Zoulim F, Moeller B, et al. Long-term efficacy and safety
of emtricitabine plus tenofovir DF vs. tenofovir DF monotherapy
in adefovir-experienced chronic hepatitis B patients. J Hepatol.
2014;60(4):715-722.

van Bommel F, de Man R, Wedemeyer H, et al. Long-term effi-
cacy of tenofovir monotherapy for hepatitis B virus-monoinfected
patients after failure of nucleoside/nucleotide analogues. Hepa-
tology. 2010;51(1):73-80.

Chan HL, Fung S, Seto WK, et al. Tenofovir alafenamide versus
tenofovir disoproxil fumarate for the treatment of HBeAg-
positive chronic hepatitis B virus infection: a randomised,
double-blind, phase 3, non-inferiority trial. Lancet Gastroenterol
Hepatol. 2016;1(3):185-195.


https://www.cdc.gov/hiv/pdf/programresources/cdc-hiv-npep-guidelines.pdf.
https://www.cdc.gov/hiv/pdf/programresources/cdc-hiv-npep-guidelines.pdf.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


