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Abstract: In a double-blind, phase 3 trial, 663 HIV-infected,
virologically suppressed adults were randomized to switch to
tenofovir alafenamide (TAF; n = 333) vs. remain on tenofovir

disoproxil fumarate (TDF; n = 330), each coformulated with
emtricitabine (FTC), while continuing their third agent (boosted
protease inhibitor or unboosted third agent). At week 96, 88.6% on
FTC/TAF and 89.1% on FTC/TDF had HIV-1 RNA ,50 copies per
milliliter [adjusted difference 20.5% (95% confidence interval:
25.3 to 4.4%)]. Proteinuria, albuminuria, proximal renal tubular
function, and bone mineral density improved after switching to TAF-
from TDF-containing regimens. These longer-term data support
FTC/TAF as a safe, well-tolerated, and durable nucleotide reverse
transcriptase inhibitor backbone.
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INTRODUCTION
Although tenofovir disoproxil fumarate (TDF), a pro-

drug of tenofovir (TFV), is a potent and generally well-
tolerated nucleotide analog, it has been associated with an
increased risk of nephrotoxicity and greater reductions in
bone mineral density (BMD) compared with other nucleo-
tide reverse transcriptase inhibitors.1–6 Tenofovir alafena-
mide (TAF) is a novel TFV prodrug that is associated with
91% lower plasma TFV levels compared with TDF,7 which
leads to less adverse impact on bone and kidneys.8,9 Recent
HIV treatment guidelines have either replaced TDF with
TAF or include both as part of recommended initial
regimens.10,11

In this large, double-blind, multicenter trial, we com-
pared the switch to fixed-dose emtricitabine (FTC) with TAF
versus continued use of fixed-dose FTC with TDF in
virologically suppressed HIV-infected patients (ClinicalTrials.
gov number NCT02121795). Results from week 48 were
previously reported and demonstrated that switching to FTC/
TAF was noninferior to continued use of FTC/TDF while
remaining on the same third agent in maintaining viral
suppression and led to improvements in markers of bone
and renal safety.12 We present safety and efficacy data
through 96 weeks, with a focus on outcomes depending on
third agent.
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METHODS

Study Design and Participants
The design and inclusion criteria of this randomized,

double-blind, multicenter, active-controlled phase 3 trial have
been previously described.12 Briefly, we enrolled HIV-
infected adults (aged $18 years) who were virologically
suppressed (HIV-1 RNA ,50 copies/mL) for $6 months on
regimens containing fixed-dose FTC with TDF and had
estimated glomerular filtration rate (eGFR) .50 mL/min
(calculated by the Cockcroft–Gault equation). Eligible par-
ticipants were randomized (1:1) to either switch to coformu-
lated FTC/TAF or to continue FTC/TDF without changing
their third agents. Participants on boosted protease inhibitors
(PIs) (atazanavir, darunavir, and lopinavir all boosted with
ritonavir) who were randomly assigned to switch treatment
received coformulated 200 mg FTC with 10 mg TAF; those
on other third agents received coformulated 200 mg FTC with
25 mg TAF. Participants also received placebo tablets
matching the alternative treatment. The study remained
blinded until the last participant receiving study drug com-
pleted week 96.

Postbaseline study visits occurred at weeks 2, 4, 8, 12,
16, 24, 36, and 48, after which participants continued
treatment with visits every 12 weeks until week 96.
Laboratory tests included hematological analysis, serum
chemistry tests, fasting lipid parameters, CD4+ cell counts,
measures of renal function, including eGFR, urine protein-to-
creatinine ratio, urine albumin-to-creatinine ratio, tubular
proteinuria (retinol-binding protein-to-creatinine ratio, b2-
microglobulin-to-creatinine ratio, fractional excretion of uric
acid, and fractional excretion of phosphate) (Covance Labo-
ratories, Indianapolis, IN), and measurement of HIV RNA
concentration (Roche TaqMan 2.0; Roche Diagnostics,
Rotkreuz, Switzerland). Participants with confirmed virologic
failure (2 consecutive HIV RNA.50 copies/mL) and an HIV
RNA .400 copies per milliliter at week 8 or later had the
second, confirmatory sample sent for resistance analysis by
GeneSeq Integrase, PhenoSense GT, and PhenoSense Inte-
grase (Monogram Biosciences, South San Francisco, CA).
Dual-energy x-ray absorptiometry of the hip and lumbar spine
was conducted at baseline and weeks 24, 48, 72, and 96
[analyzed centrally by BioClinica (Newton, PA)].

The study was conducted in accordance with the
Declaration of Helsinki and approved by central or site-
specific review boards or ethics committees. Each participant
provided written informed consent.

Statistical Analyses
The primary endpoint was the proportion of participants

who had plasma HIV-1 RNA ,50 copies per milliliter at
week 48 as defined by the US Food and Drug Administration
(FDA) snapshot algorithm.13,14 Secondary endpoints included
the proportion of participants with virologic success (main-
tenance of HIV-1 RNA ,50 copies/mL) at week 96. The
percentage differences and the associated 95% confidence
intervals (CIs) were constructed with Mantel–Haenszel
proportion stratified by previous treatment regimens.

Noninferiority between treatment groups was assessed using
a conventional 95% CI approach and a margin of 10% (1-
sided 0.025 level). Safety outcomes included renal, bone, and
metabolic endpoints. Changes from baseline were summa-
rized by visit using descriptive statistics, and median change
from baseline was analyzed by a 2-sided Wilcoxon signed-
rank test. Subgroup analyses were performed for select
endpoints by third agent (boosted PI or unboosted third
agent). Adverse events (AEs) were coded with the Medical
Dictionary for Regulatory Activities (version 19).

RESULTS
We randomized 668 participants; 663 received at least 1

dose of study drug (333 switched to FTC/TAF and 330
remained on FTC/TDF). Baseline characteristics were pre-
viously reported, with a median age of 49 years.12 The
distributions of third agents were similar between the 2
treatment groups (boosted PI: FTC/TAF 47%, FTC/TDF
45%; unboosted third agent: FTC/TAF 53%, FTC/TDF 55%).
Median (interquartile range) time of FTC/TDF use before
dosing was 5.1 years (3.0–7.2 years) overall.

Switching to an FTC/TAF-containing regimen contin-
ued to be noninferior to continuing the FTC-/TDF-containing
regimen at week 96 for the secondary efficacy outcome of
proportion of participants with HIV-1 RNA ,50 copies per
milliliter [295/333 (88.6%) vs. 294/330 (89.1%), adjusted
difference 20.5%, 95% CI: 25.3 to 4.4%] (Supplemental
Digital Content, Table 1, http://links.lww.com/QAI/A980).
Of the 38 (of 333) participants remaining in the FTC/TAF
group who did not have HIV-1 RNA,50 copies per milliliter
at week 96, 33 discontinued study drug because of reasons
other than lack of efficacy (16 after week 48); 5 with HIV-1
RNA $50 copies per milliliter at week 96 (all were , 200
copies/mL) were later suppressed while continuing study
drug. Of the 36 (of 330) participants remaining in the FTC/
TDF group who did not have HIV-1 RNA ,50 copies per
milliliter at week 96, 33 discontinued study drug because of
reasons other than lack of efficacy (15 after week 48); 1 who
was suppressed before missing the week 96 visit, and 2 with
HIV-1 RNA $50 copies per milliliter at week 96 (both were
,200 copies/mL) were later suppressed while continuing
study drug. Noninferiority was also demonstrated regardless
of third agent [boosted PI: 85.8% vs. 88.1%; difference
22.3% (95% CI: 29.8 to 5.3%) or unboosted third agent:
91.0% vs. 89.9%; difference 1.1% (95% CI: 25.0 to 7.2%)].
The median (interquartile range) increase from baseline in
CD4 cell count at week 96 was 44 (254 to 144) cells per
microliter for the FTC/TAF group and 33 (244 to 134) cells
per microliter for the FTC/TDF group. Other than the
previously reported participant receiving FTC/TAF plus
darunavir boosted by ritonavir who had emergent resistance
M184V mutation, no other participants have developed HIV
resistance since week 48.

Both regimens were well tolerated through a median
exposure of 96 weeks. AEs leading to study drug discon-
tinuation occurred in 8 (2%) participants in the FTC/TAF
group vs. 4 (1%) in FTC/TDF group (1 in each group after
week 48). For the FTC/TAF group, these AEs included
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affective disorder/acquired lipodystrophy (after week 48),
atrial fibrillation, diarrhea, dysphagia, insomnia/altered
mood, lymphoma, overdose, and peripheral edema. For the
FTC/TDF group, these AEs included headache, increased
blood creatinine, rectal tenesmus, and renal tubular disorder
(after week 48). The type and frequency of treatment-
emergent AEs were similar between groups. The incidence
of serious AEs was similar in both groups, FTC/TAF 8% vs.
FTC/TDF 9%. Two participants in the FTC/TAF group died
[1 due to lymphoma and elevated lipase and 1 due to
respiratory failure (after week 48)]; 1 participant in the FTC/
TDF group died because of drowning (as reported by the
investigator) (after week 48). None of the deaths were
deemed related to study drugs.

We noted increases from baseline in eGFR for
participants who switched to FTC/TAF, mostly occurring
in the first 24 weeks, as compared with minimal changes
among those who remained on an FTC/TDF regimen (10.0
vs. 4.0 mL/min). We observed significant differences
between groups favoring FTC/TAF in changes of total
proteinuria, albuminuria, and tubular proteinuria (urine
retinol-binding protein/creatinine ratio and urine b2-
microglobulin/creatinine ratio) (Fig. 1). Of note, in the
FTC/TDF group, albuminuria and tubular proteinuria con-
tinued to worsen in the second year. Improvement of these
markers of renal safety in the FTC/TAF group was similar
regardless of third agent (Table 1). No participants in the
FTC/TAF group and 2 in the FTC/TDF group discontinued

TABLE 1. Changes in Quantitative Measures of Proteinuria and Lipid Parameters at Week 96*

Change at Week 96, Median (IQR)†

Boosted PI Unboosted Third Agent

FTC/TAF (n = 155) FTC/TDF (n = 151) FTC/TAF (n = 178) FTC/TDF (n = 179)

Urine protein/Cr, n (%) 227.2 (256.5 to 18.2) 12.8 (215.7 to 57.3) 225.6 (251.9 to 22.5) 2.1 (227.0 to 39.3)

Urine albumin/Cr, n (%) 21.3 (237.6 to 48.7) 21.7 (223.1 to 100.0) 5.0 (235.1 to 50.0) 29.2 (217.2 to 90.3)

Urine b2M/Cr, n (%) 228.2 (271.9 to 17.4) 41.8 (26.3 to 161.8) 231.9 (270.6 to 17.6) 51.5 (230.9 to 190.4)

Urine RBP/Cr, n (%) 25.5 (245.1 to 24.7) 36.5 (210.3 to 125.2) 22.0 (238.0 to 46.8) 49.9 (0.2 to 135.6)

Hip BMD (%), mean (SD) 1.82 (3.18) 20.28 (3.14) 1.88 (3.31) 20.38 (2.90)

Spine BMD (%), mean (SD) 2.03 (4.13) 20.49 (3.79) 2.26 (3.55) 0.10 (3.48)

*P values (FTC/TAF vs. FTC/TDF) were, 0.001 for all parameters.
†Unless otherwise specified.
b2M, beta-2-microglobulin; Cr, creatinine; IQR, interquartile range; RBP, retinol-binding protein.

FIGURE 1. Changes in BMD and renal
markers, through week 96. RBP, retinol-
binding protein.
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study drug because of renal AEs. One participant with
underlying hypertension on FTC/TDF plus ritonavir-boosted
darunavir had an increase in serum creatinine that led to
discontinuation of study drug. The second participant on
FTC/TDF plus ritonavir-boosted atazanavir had laboratory
findings consistent with proximal tubulopathy (proteinuria,
normoglycemic glycosuria, hypophosphatemia, and an
increase in serum creatinine). No cases of proximal tubul-
opathy or Fanconi syndrome were reported in the FTC/
TAF group.

From baseline to week 96, BMD increased in the FTC/
TAF group but not in the FTC/TDF group [median change:
hip 1.78% vs. 20.17% (P , 0.001) and spine 1.85% vs.
20.33% (P , 0.001)] (Fig. 1). Of note, in the FTC/TAF
group, BMD continued to increase in the second year.
Results were similar regardless of third agent (Table 1).
More participants in the FTC/TAF group had increase in
BMD of at least 3% [spine 40% vs. 18% (P , 0.001) and
hip 29% vs. 11% (P , 0.001)]. There were 4 fractures (1 on
FTC/TAF and 3 on FTC/TDF), all related to mechanical
trauma and considered by the investigator to be unrelated to
study drug.

The incidence of laboratory abnormalities through
week 96 was similar for both treatment groups. Fasting lipid
values increased from baseline in the FTC/TAF group while
remaining stable in the FTC/TDF group at week 96 [total
cholesterol, FTC/TAF 14 vs. FTC/TDF 1 mg/dL, P ,
0.001; low-density lipoprotein 14 vs. 4 mg/dL, P , 0.001;
high-density lipoprotein (HDL) 1 vs. 21 mg/dL, P =
0.023]; however, median changes were minimal from
a clinical standpoint and the median changes in total
cholesterol to HDL ratio were similar (0.1 vs. 0.1; P =
0.26). The rate of initiating lipid-modifying medications
was similar between the groups at week 96 (FTC/TAF
7.2%, FTC/TDF 6.4%, P = 0.76).

DISCUSSION
Our findings demonstrated that switching to FTC/

TAF was noninferior to continuing FTC/TDF in maintain-
ing virological suppression at 96 weeks in individuals with
HIV receiving a large variety of third agents. Although
overall safety was similar, renal parameters improved in
patients who switched to FTC/TAF, with an increase in
eGFR and a reduction in proteinuria, especially in the
excretion of b2-microglobulin and retinol-binding protein,
which are considered specific markers of proximal tubul-
opathy.15 BMD also improved in patients who switched,
and changes were significantly greater in the FTC/TAF
group at 96 weeks, with a greater likelihood of improve-
ment in clinical bone density status (osteoporosis, osteo-
penia, or normal). The efficacy and safety results, including
those of bone and renal, did not differ by third agent;
particularly, improvement was also seen in patients receiv-
ing a ritonavir-boosted PI.

The results for the markers of renal safety were
consistent with recent data from studies comparing TAF vs.
TDF as part of 2 single-tablet regimens also containing
elvitegravir, cobicistat, and FTC (E/C/F/TAF vs. E/C/F/TDF).

Importantly, these data corroborate the clinical data, as there
were no renal discontinuations or proximal renal tubulopathy
in patients receiving FTC/TAF in this study (n = 333) nor in
treatment-naive patients receiving E/C/F/TAF (n = 866)
through week 96.16 By contrast, 2 patients receiving FTC/
TDF in this study and 6 receiving E/C/F/TDF in the
treatment-naive study16 had renal discontinuations; 1 in each
group had proximal renal tubulopathy. The BMD results are
also reassuring in their consistency with those from E/C/F/
TAF studies. One interesting aspect is the fact that there is
continuous improvement over the 96-week period, with no
plateau effect, and the BMD increase by week 96 (around +
2% for both hip and spine) is clinically important in this
population of patients with a median previous exposure to
TDF of over 5 years.

Lipids increased in the FTC/TAF group while remain-
ing stable in the FTC/TDF group. Because TDF is associated
with lower lipids, it is likely that lower TFV exposures
through switching TDF to TAF is leading to increase in
lipids.17–20 However, no differences in total cholesterol to
HDL ratio or initiation of lipid-modifying medications were
noted between groups, suggesting that the increases in lipids
on switching to FTC/TDF from FTC/TDF are probably
of minimal clinical relevance.

FTC/TAF is now part of recommended initial regimens
in treatment guidelines; E/C/F/TAF is also one of the
recommended initial regimens.10,11 In addition, FTC/TAF is
available as part of rilpivirine/FTC/TAF and is being
developed as part of darunavir/COBI/FTC/TAF and bicte-
gravir/FTC/TAF. In addition, FTC/TAF uniquely provides
clinicians with the flexibility to combine with other agents
that are not part of currently available single-tablet regimens.
Lastly, FTC/TAF is also being developed for preexposure
prophylaxis of HIV infection.

The longer-term data in this study confirm the
potential of FTC/TAF to be an important nucleotide
reverse transcriptase inhibitor backbone in the treatment
of patients with HIV, with the flexibility to be combined
with a variety of third agents and safety advantages over
FTC/TDF. In patients exposed to FTC/TDF for many
years, who represent a large majority of patients with
HIV currently in care, and in those who are aging with
potential for renal and or bone comorbidities from various
causes, proactive switching from FTC/TDF to FTC/TAF
can improve renal and bone parameters, while maintaining
antiviral efficacy.
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