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Brief Report

Efficacy and safety of emtricitabine/tenofovir
alafenamide (FTC/TAF) vs. emtricitabine/
tenofovir disoproxil fumarate (FTC/TDF) as a
backbone for treatment of HIV-1 infection in
virologically suppressed adults: subgroup
analysis by third agent of a randomized,
double-blind, active-controlled phase 3 trial*

Frank A. Post?, Yazdan Yazdanpanah?, Gabriel Schembri3, Adriano Lazzarin4,
Jacques Reyness5, Franco Maggiolo®, Mingjin Yan?, Michael E. Abram? ©,
Cecilia Tran-Muchowski?, Andrew Cheng?, Martin S. Rhee”

Kings College Hospital NHS Foundation Trust, Weston Education Centre (2.53), London, UK, 2Service des
Maladies Infectieuses et Tropicales, Hospital Bichat-Claude Bernard, Paris, France, 3Manchester Centre for
Sexual Health, Manchester, UK, “Divisione di Malattie Infettive, IRCCS Ospedale San Raffaele, Milano, Italy,
sDepartement Des Maladies Infectieuses et Tropicales, CHU Gui De Chuliac, Montpellier, France, ¢US di Terapia
Antivirale, USC di Malattie Infettive, Azienda Ospedaliera Papa Giovanni XXIll, Bergamo, Italy, ’Departments of
Biometrics, Virology, Clinical Operations, and Clinical Research, Gilead Sciences Inc., Foster City, CA, USA

Background: FTC/TAF was shown to be noninferior to FTC/TDF with advantages in markers of renal and bone
safety.

Objective: To evaluate the efficacy and safety of switching to FTC/TAF from FTC/TDF by third agent (boosted
protease inhibitor [PI] vs. unboosted third agent).

Methods: We conducted a 48-week subgroup analysis based on third agent from a randomized, double
blind study in virologically suppressed adults on a FTC/TDF-containing regimen who switched to FTC/TAF vs.
continued FTC/TDF while remaining on the same third agent.

Results: We randomized (1:1) 663 participants to either switch to FTC/TAF (N = 333) or continue FTC/TDF
(N = 330), each with baseline third agent stratifying by class of third agent in the prior treatment regimen (boosted
Pl 46%, unboosted third agent 54%). At week 48, significant differences in renal biomarkers and bone mineral
density were observed favoring FTC/TAF over FTC/TDF (p < 0.05 for all), with similar improvements in the FTC/
TAF arm in those who received boosted Pl vs. unboosted third agents. At week 48, virologic success rates were
similar between treatment groups for those who received a boosted Pl (FTC/TAF 92%, FTC/TDF 93%) and for
those who received an unboosted third agent (97% vs. 93%).

Conclusions: In virologically suppressed patients switching to FTC/TAF from FTC/TDF, high rates of virologic
suppression were maintained, while renal and bone safety parameters improved, regardless of whether
participants were receiving a boosted Pl or an unboosted third agent. FTC/TAF offers safety advantages over
FTC/TDF and can be an important option as an NRTI backbone given with a variety of third agents.

Keywords: Tenofovir alafenamide, Tenofovir disoproxil fumarate, Randomized controlled trial, HIV, Bone mineral density, Renal safety, Third ARV
agents
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Introduction

While tenofovir disoproxil fumarate (TDF) is a potent
and generally well-tolerated nucleotide analog, it has been
associated with renal and bone toxicity.'® As a prodrug,
TDF is metabolized to tenofovir (TFV), which, in turn, is
metabolized intracellularly to its active metabolite, TFV
diphosphate (TFV-DP). Higher circulating plasma levels
of TFV have been correlated with both renal and bone
adverse effects of TDF.” Tenofovir alafenamide (TAF) is
also an oral prodrug of TFV, but is much more stable in
plasma. These characteristics result in a substantial reduc-
tion (90%) in circulating TFV exposure, while achieving
higher intracellular levels of TEFV-DP.?

To date, the efficacy and safety of TAF have been
mostly evaluated in the context of the coformulation of
elvitegravir (E), cobicistat (C), emtricitabine (FTC, F), and
TAF (E/C/F/TAF). Multiple clinical trials of E/C/F/TAF
have consistently demonstrated the advantages of TAF
over TDF for renal and bone safety.’'> However, the bene-
ficial effect of switching to TAF from TDF may vary by the
third agent. For example, the effect may be greater when
the pre-switch plasma TFV exposures are higher (i.e. upon
coadministration of TDF with boosted protease inhibitor
[PI] vs. unboosted third agent). Similarly, the third agent
also affects plasma TAF exposures, although this has been
taken into account in the TAF dose selection (i.e. 10 mg
with boosted PI and 25 mg with unboosted third agent).

We sought to evaluate the efficacy and safety of FTC/
TAF by the class of coadministered third agent (boosted PI
vs. unboosted third agent) by conducting a subgroup anal-
ysis of the 48-week data from a large, double-blind, multi-
center trial (Clinical Trials.gov number NCT02121795). The
overall primary 48-week results were previously reported 3
and demonstrated that switching to FTC/TAF was noninfe-
rior 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.

Methods

Study design and participants

The design and inclusion criteria of the trial have been
previously described in the primary 48-week report.'
Briefly, HIV-infected adults (aged >18 years) who were
virologically suppressed (HIV-1 RNA <50 copies/mL) for
at least 6 months on FTC/TDF-containing regimens and
had creatinine clearance (CrCl) of >50 mL/min (calculated
by the Cockcroft-Gault [CG] equation) were randomized
(1:1) to either switch to FTC/TAF or to continue FTC/
TDF while remaining on the same third agent with a dou-
ble-blind, double-dummy design. Participants on boosted
PIs (atazanavir [ATV] + ritonavir [RTV], darunavir [DRV]
+ RTV, or lopinavir/RTV [LPV/r]) who were randomized
to the FTC/TAF group received FTC/TAF 200/10 mg;

HIV Clinical Trials 2017

those on unboosted third agents (efavirenz [EFV], rilpivir-
ine [RPV], nevirapine [NVP], raltegravir [RAL], dolute-
gravir [DTG], or maraviroc [MVC]) received FTC/TAF
200/25 mg. Randomization was stratified by third agent
(boosted PI vs. unboosted third agent) at screening.

Randomized participants were seen at screening, base-
line, and at weeks 2, 4, 8, 12, 16, 24, 36, 48. Laboratory
tests included hematological analysis, serum chemistry
tests, fasting lipid parameters, CD4 counts, measures of
renal function (CrCl, urine protein to creatinine ratio,
urine albumin to creatinine ratio, retinol binding protein
to creatinine ratio, and Bf2-microglobulin to creatinine
ratio (Covance Laboratories, Indianapolis, IN, USA),
and measurement of HIV RNA concentration (Roche
TagMan 2.0; Roche Diagnostics, Rotkreuz, Switzerland).
We defined virological failure as either having virological
rebound confirmed within 3-6 weeks or being viremic
at the study endpoint or at the time of study drug dis-
continuation with plasma HIV-1 RNA of 50 copies/mL
or higher. Confirmatory (or last available) samples with
HIV-1 RNA of 400 copies/mL or higher were sent for
HIV-1 genotype and phenotype analysis (PhenoSenseGT
for protease and reverse transcriptase genes, GenSeq
Integrase and Phenosense Integrase for the integrase gene;
Monogram Biosciences, South San Francisco, CA, USA).
Dual energy X-ray absorptiometry (DEXA) of the hip and
lumbar spine was conducted at baseline and weeks 24
and 48 and processed by BioClinica (Newton, PA, USA).

The study was undertaken in accordance with the
Declaration of Helsinki and was approved by central
or site-specific review boards or ethics committees. All
patients gave written informed consent.

Statistical analysis

Non-inferiority of TAF compared with TDF when each was
combined with FTC and given with baseline third agent
was assessed by examining the proportion of participants
in each arm with plasma HIV-1 RNA less than 50 cop-
ies/mL at week 48 as defined by the US Food and Drug
Administration (FDA) snapshot algorithm.'*!* An nonin-
feriority margin of 10% was pre-specified with a one-sided
95% CI (alpha level 0.025). We summarized safety data in
the safety analysis set with descriptive statistics. To com-
pare between the two treatment groups, we used analysis
of variance (ANOVA) for % change in BMD and 2-sided
Wilcoxon rank sum tests for renal biomarkers (SAS; version
9.2). Adverse events (AEs) were coded with the Medical
Dictionary for Regulatory Activities (Version 18.0).

Results

Of the 780 participants screened, 668 were randomized
and 663 received at least one dose of study drug (FTC/TAF,
N =333, FTC/TDF, N=330). Baseline characteristics, as
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previously reported in the primary 48-week report,'* were
similar between treatment groups; the median (Q1, Q3)
age was 49 (22, 79) years, 15% were female, and 21%
identified themselves as Black or of African descent. The
median baseline CD4 count was 646 (491, 835) cells/
uL, with approximately three quarters (74.2%) of subjects
having a baseline CD4 count >500 cells/uL. The percent-
ages of participants taking boosted PIs or unboosted third
agents were similar between the two treatment groups
(boosted PI: FTC/TAF 47%, FTC/TDF 45%; unboosted
third agent: FTC/TAF 53%, FTC/TDF 55%). Overall,
the median time of FTC/TDF use prior to dosing was
5.1 years. Most subjects (91%) had no proteinuria (Grade
0 by dipstick) on urinalysis, and baseline CrCl was similar
between the two treatment groups.

At week 48, switching to an FTC/TAF-containing reg-
imen was noninferior to staying on a baseline FTC/TDF-
containing regimen in maintaining HIV-1 RNA <50 copies/

Table 1

mL for participants received either a boosted PI (91.6%
vs. 92.7%; difference —1.1%, 95% CI —7.1 to 4.9%) or
an unboosted third agent (96.6% vs. 93.3%; difference
3.3%, 95% CI —1.2 to 7.9%). Mean changes in CD4 cell
counts were small and similar between groups, regard-
less of third agent: boosted PI with FTC/TAF + 21 cells/
pL, FTC/TDF + 7 cells/uL; unboosted third agent with
FTC/TAF + 20 cells/uL, FTC/TDF + 19 cells/uL. One
participant in the FTC/TAF group whose third agent was
DRV + RTV experienced virologic failure at week 36
with emergent M184V reverse transcriptase mutation; the
patient subsequently discontinued study drug.

Both regimens, regardless of third agent, were well
tolerated through week 48. AEs leading to study drug dis-
continuation were uncommon (boosted PI: FTC/TAF 4%,
FTC/TDF 1%; unboosted third agent: FTC/TAF 1%, FTC/
TDF 1%). The type and frequency of treatment-emer-
gent AEs were similar. Serious AEs were also uncommon

Quantitative measures of proteinuria and lipid changes by third agent

Boosted PI

Unboosted third agent

FTC/TAF (n = 155)

FTC/TDF (n = 151)

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

Serum creatinine pmol/L

Baseline 91.1(32.5) 89.3(17.9) 92.8 (15.0) 91.1(17.9)
Change at week 48* -7.1(29.5) -2.7 (13.5) -6.2 (9.2) -3.5(8.8)
CrClI by Cockcroft-Gault (mL/min)

Baseline 102.2 (85.1, 120.9) 104.5 (86.8, 122.1) 98.3 (82.1, 118.5) 97.2 (82.6, 119.1)
Change at week 48* 7.7(0.1,15.1) 3.3 (-6.0, 12.9) 9.3 (0.6, 15.8) 2.8 (-3.7,10.1)
Urine protein to creatinine ratio (mg/g)

Baseline, median 57.8(39.4, 111.7) 66.7 (43.8, 104.2) 60.6 (42.6, 94.1) 59.6 (41.0, 95.1)
% change at week 48* -11.1 (-38.4, 20.3) 12.8 (-15.7,57.3) -16.9 (-39.5, 11.6) 2.1 (-27.0, 40.0)
Urine albumin to creatinine ratio (mg/q)

Baseline 6.3 (4.0, 14.8) 6.4 (4.2,12.0) 5.8 (4.1, 11.5) 6.1 (4.3, 11.9)
% change at week 48* -1.8 (-41.6, 43.6) 21.2(-11.2,69.2) -11.6 (-39.7, 25.7) 4.4 (-24.3,41.1)

Urine p2-microglobulin to creatinine ratio (Lg/g)

Baseline 140.3 (76.7, 444.8)
% change at week 48* -39.3 (-63.4, 13.4)

Urine retinol binding protein to creatinine ratio (Lug/g)

Baseline 112.4 (74.0, 256.2)
% change at week 48* -138.5(-58.2, 22.9)

Fasting total cholesterol (mg/dL)

186.5 (85.4, 604.3)
36.4 (-22.7, 150.5)

117.5 (80.8, 253.5)
24.8 (-19.0, 118.9)

131.9 (67.1, 508.3)
-40.2 (-73.8, 5.5)

134.2 (73.2, 349.8)
14.0 (-26.3 124.0)

100.9 (66.7, 183.3)
-17.3(-42.3,17.2)

106.8 (74.8, 182.6)
11.8 (=19.0, 69.7)

Baseline 190 (164, 217) 182 (158, 211) 181 (155, 206) 180 (156, 205)
Change at week 48* 19 (-1, 34) 5(-13, 18) 13 (-5, 33) 1(-16,17)
Fasting HDL cholesterol (mg/dL)

Baseline 50 (40, 61) 50 (41, 58) 49 (40, 62) 50 (43, 60)
Change at week 48* 3(-4,8) -1 (-4, 5) 2(-4,9) -1 (-6, 5)
Fasting direct LDL cholesterol (mg/dL)

Baseline 116 (97, 138) 111 (87, 135) 107 (91, 130) 109 (88, 131)
Change at week 48* 15 (-2, 31) 5 (-6, 18) 11 (-1, 26) 3(-10, 15)
Fasting total cholesterol to HDL ratio

Baseline 3.8(3.2,4.6) 3.6 (2.9, 4.5) 3.5(2.9, 4.3) 3.5(2.8, 4.3)
Change at week 48 0.1(-0.2,0.7) 0.1 (-0.3,0.4) 0.1 (-0.3,0.5) 0.0 (-0.4,0.4)
Fasting triglycerides (mg/dL)

Baseline 129 (94, 182) 113 (91, 177) 111 (79, 161) 108 (74, 160)
Change at week 48* 12 (=19, 47) 2 (-24, 34) 10 (=23, 44) -4 (-85, 27)

Notes: Values are presented as median (IQR), except for serum creatinine, which is presented as mean (SD).

*P values for all between-group differences (FTC/TAF vs. FTC/TDF) at week 48 were <0.05, except for total cholesterol to HDL ratio.

FTC = emtricitabine; eGFR = estimated glomerular filtration rate; HDL = high density lipoprotein; IQR = interquartile range; LDL = low
density lipoprotein; Pl = protease inhibitor; TAF = tenofovir alafenamide; TDF = tenofovir disoproxil fumarate.
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(boosted PI: FTC/TAF 5%, FTC/TDF 6%; unboosted third
agent: FTC/TAF 3%, FTC/TDF 6%). No treatment-related
deaths occurred; one participant in the FTC/TAF group
died due to lymphoma and elevated lipase.

We noted decreases from baseline in serum creatinine
at week 48 and corresponding increases in CrCl for partic-
ipants who switched to FTC/TAF as compared with min-
imal changes from baseline among those who remained
on an FTC/TDF regimen, with differences favoring FTC/
TAF vs. FTC/TDF regardless of third agent; p values
for all between-group differences were <0.05 (Table 1).
Generally, measures of proteinuria (urine protein and
urine albumin to creatinine ratio) and tubular proteinuria
(urine retinol binding protein and urine f2-microglobulin
to creatinine ratio) decreased in the FTC/TAF group but
increased in the FTC/TDF group, with differences favor-
ing FTC/TAF vs. FTC/TDF regardless of third agent; p
values for all between-group differences were <0.05. No

Subjects on Boosted PI
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4 —- TVD + Boosted Pl
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ey 2
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Mean % Change (95% Cl)
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¥
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Figure 1 Change in spine and hip BMD by third agent.
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Mean % Change (95% CI)
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participants in the FTC/TAF group discontinued study
drug due to renal AEs. One participant in the FTC/TDF
group, who had underlying hypertension, had an increase
in serum creatinine and discontinued study drug due
to this renal AE. No cases of proximal tubulopathy or
Fanconi syndrome were reported in either group.

We also noted small increases from baseline in fasting
lipids at week 48 in the FTC/TAF group as compared with
minimal changes among those who remained on an FTC/
TDF regimen regardless of third agent; however, the total
cholesterol to HDL ratio did not differ between treatment
groups (Table 1).

Regardless of third agent, BMD increased in the FTC/
TAF group while remaining stable or decreasing in the
FTC/TDF group (Figure 1). One participant (0.3%) in
the FTC/TAF group and 2 (0.6%) in the FTC/TDF group
had traumatic fractures, considered unrelated to study
drugs.

Subjects on Unboosted 37 Agent

~@— F/TAF + Unboosted 3 agent
4 - TVD + Unboosted 3" agent
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-2
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Subjects on Unboosted 3 Agent
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171 165 163



Postetal. Efficacy and safety of emtricitabine/tenofovir alafenamide (FTC/TAF) vs. emtricitabine/tenofovir disoproxil fumarate (FTC/TDF)

The incidence of laboratory abnormalities was similar
in each third agent subgroups for both treatment groups.

Discussion

Regardless of third agent (boosted PI or unboosted third
agent), FTC/TAF was noninferior to FTC/TDF in main-
taining virologic suppression at week 48. Overall safety
was similar for FTC/TAF administered with a boosted PI
or an unboosted third agent, and renal and bone parame-
ters consistently improved in those who switched.

Multiple clinical trials in treatment-naive and viro-
logically suppressed patients demonstrated the renal and
bone safety advantages of FTC/TAF over FTC/TDF,
mostly in combination with elvitegravir/cobicistat (i.e.
E/C/F/TAF).*'2 E/C/F/TAF, which contains TAF 10 mg,
achieves TAF exposures that are comparable to TAF
25 mg, as cobicistat increases TAF exposure via Pgp/
BCRP inhibition.'

In the current study, we examined the two doses of
FTC/TAF (200/25 and 200/10 mg), each to be prescribed
depending on the third agent, or specifically, on whether
the third agent requires boosting. By performing efficacy
and safety analyses by third agent, we explored if there
were any differences in the safety advantages of TAF over
TDF by the use of boosted vs. unboosted third agents.

Across assessments of multiple markers of renal safety,
the direction of change and magnitude of difference between
treatment groups demonstrated an improved renal safety
profile with TAF compared with TDF when given with a
boosted PI or an unboosted third agent. Both urine pro-
tein and urine albumin to creatinine ratios decreased from
baseline in those who received FTC/TAF. Evaluation of
tubular proteinuria (urine retinol binding protein and urine
B2-microglobulin to creatinine ratios), as recommended
for monitoring TFV nephrotoxicity,'” also demonstrated
a reduced effect of FTC/TAF on tubular function. These
data suggest that the 90% lower plasma TFV exposure
observed with FTC/TAF may reduce TFV-mediated renal
side effects in clinical practice. Although the study popu-
lation may not have been at high risk of TDF-associated
renal events as they were tolerating treatment prior to study
entry, the renal findings from our study are consistent with
those from other trials, including those in naive patients,
and provide evidence of an improved renal safety profile
of TAF over TDF regardless of third agent.

Across assessments of BMD, the direction of change
and magnitude of difference between treatment groups
demonstrated an improved bone safety profile with TAF
compared with TDF when either was given with a boosted
PI or an unboosted third agent. Our study confirmed the
previous finding of an increase in BMD after switching
to FTC/TAF-containing regimen (E/C/F/TAF) from FTC/
TDF-containing regimen.!! An increase in bone density

is desirable in the aging, HIV-infected population where
bone health may be a concern.

In conclusion, FTC/TAF demonstrated high efficacy in
HIV-infected virologically suppressed patients along with
renal and bone safety advantages regardless of the class of
coadministered third agent. FTC/TAF offers an important
option as an NRTT backbone for use with a spectrum of
third agents in the treatment of HIV-infected patients, with
safety advantages over FTC/TDF.
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