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Antiviral Activity, Safety, and Pharmacokinetics/
Pharmacodynamics of Tenofovir Alafenamide as 10-Day

Monotherapy in HIV-1–Positive Adults
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Objective: To evaluate the antiviral activity, safety, pharmacokinet-
ics, and pharmacokinetics/pharmacodynamics of short-term mono-
therapy with tenofovir alafenamide (TAF), a next-generation tenofovir
(TFV) prodrug.

Design: A phase 1b, randomized, partially blinded, active- and
placebo-controlled, dose-ranging study.

Methods: Treatment-naive and experienced HIV-1–positive adults
currently off antiretroviral therapy were randomized to receive 8, 25,
or 40 mg TAF, 300 mg tenofovir disoproxil fumarate (TDF), or
placebo, each once daily for 10 days.

Results: Thirty-eight subjects were enrolled. Baseline character-
istics were similar across dose groups. Significant reductions in
plasma HIV-1 RNA from baseline to day 11 were observed for all
TAF dose groups compared with placebo (P , 0.01), with a median
decrease of 1.08–1.73 log10 copies per milliliter, including a dose–
response relationship for viral load decrease up to 25 mg. At steady
state, 8, 25, and 40 mg TAF yielded mean TFV plasma exposures
[area under the plasma concentration–time curve (AUCtau)] of 97%,
86%, and 79% lower, respectively, as compared with the TFV
exposures observed with 300 mg TDF. For 25 and 40 mg TAF,
the mean intracellular peripheral blood mononuclear cell tenofovir
diphosphate AUCtau was ;7-fold and ;25-fold higher, relative to
300 mg TDF.

Conclusions: Compared with 300 mg TDF, TAF demonstrated
more potent antiviral activity, higher peripheral blood mononuclear
cell intracellular tenofovir diphosphate levels, and lower plasma
TFV exposures, at approximately 1/10th of the dose. This may
translate into greater antiviral efficacy, a higher barrier to resistance,
and an improved safety profile relative to TDF, supporting further
investigation of TAF dosed once daily in HIV-infected patients.

Key Words: antiretroviral therapy, reverse transcriptase inhibitors,
dose–response, pharmacodynamics, pharmacokinetics
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INTRODUCTION
The success of antiretroviral therapy (ART) has shifted

clinical attention toward antiretroviral drug regimens that
optimize tolerability, long-term safety, and durable efficacy.
Where patients have access to treatment, morbidity and
mortality are increasingly driven by non–AIDS-associated
comorbidities, which are observed earlier than in age-matched
controls, despite the best available ART.1,2 Likewise, patients
are often diagnosed earlier, initiate therapy earlier, and look
toward lifelong therapy, often greater than 50 years.3 The
contribution of specific antiretroviral agents to long-term mor-
bidity and mortality is increasingly important in this context.
In regimens of comparable efficacy, the total pill burden,
dosing frequency, and concerns about safety and side effects
are significant obstacles to achieving high adherence.4,5 Cur-
rent Department of Health and Human Services guidelines
suggest tenofovir disoproxil fumarate (TDF) as a preferred
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component of the nucleoside/nucleotide reverse transcriptase
inhibitor [N(t)RTIs] backbone for treatment-naive HIV-positive
patients but that it is associated with nephrotoxicity and reduced
bone mineral density.6,7

Tenofovir alafenamide (TAF, formerly GS-7340) is an
investigational, next-generation tenofovir (TFV) prodrug,
which has a distinct metabolism designed to maximize antiviral
potency and clinical safety. Unlike TDF, TAF is more stable in
plasma and is predominantly hydrolyzed to TFV intracellularly
by cathepsin A.8 This results in higher intracellular levels
of the active phosphorylated moiety tenofovir diphosphate
(TFV-DP) and lower circulating levels of TFV, relative to
TDF.9 A radiolabeled distribution study in dogs demonstrated
that, on a dose-per-dose basis, TAF administration leads to an
increased distribution of TFV to tissues of lymphatic origin
compared with TDF.10 Because TFV is actively transported
from the blood into renal proximal tubule cells by the organic
anion transporters OAT1 and OAT3, a reduction in plasma
exposures of TFV may result in lower concentrations in prox-
imal tubule cells and less nephrotoxicity.11 Thus, an optimized
dose of TAF could result in improved clinical efficacy and
long-term safety relative to TDF.

Previously reported results from a 14-day monotherapy
study (GS-120-1101) of TAF at 40 and 120 mg demonstrated
significantly greater decreases in HIV-1 RNA, lower plasma
TFV concentrations, and higher intracellular TFV-DP levels
in peripheral blood mononuclear cells (PBMCs), compared
with 300 mg TDF.9 The objective of this study, GS-US-120-
0104, was to evaluate the antiretroviral activity, safety, phar-
macokinetics (PK), and pharmacokinetic/pharmacodynamics
of a lower range of TAF doses (8, 25, and 40 mg) as short-
term monotherapy in HIV-1–infected patients.

MATERIALS AND METHODS

Subjects
ART-naive and experienced HIV-1–positive adults at

least 18 and less than 66 years of age, with no genotypic
resistance to TFV [defined by the presence of K65R, Q151M,
or T69 insertions or 2 or more of the following thymidine
analog–associated mutations (TAMs): M41L, D67N, K70R,
L210W, T215Y/F, or K219Q/E/N/R], with a CD4 cell count
of 200 cells per microliter or more, and 2000 copies per milli-
liter plasma HIV-1 RNA or more, were eligible for enrollment.
Patients were excluded if they had received any approved or
investigational antiretroviral agent within 90 days before the
first study dose, coinfection with hepatitis B or hepatitis C, or
evidence of chronic liver disease. This study was conducted in
accordance with Good Clinical Practice procedures, all applica-
ble regulatory requirements, and the guiding principles of the
Declaration of Helsinki. The study protocol was reviewed and
approved by an institutional review board. All patients provided
written informed consent before study entry.

Study Design
This was a phase 1b, multicenter, randomized, partially

blinded, placebo- and active-controlled, dose-ranging study of
TAF monotherapy for 10 days. Subjects were randomized

(2:2:2:1:2) to receive 1 of 3 doses of TAF (8, 25, or 40 mg),
300 mg TDF, or placebo every 24 hours for 10 days. All
treatments were blinded except 300 mg TDF. Subjects were
followed for 11 days after the end of dosing (to day 21). All
study medications were administered orally in the morning in
the fasted state with 240 mL of water. Observed study drug
dosing was required at days 1–4 and days 7 and 10. Study
drugs were dispensed to subjects after the day 4 clinic visit.
For non-observed doses, subjects were instructed to take
study drug daily in the morning at the same time each day
in a fasted state. Dosing diaries were completed for all non-
observed doses.

Antiviral Activity Assessments
The primary efficacy end point was the time-weighted

average change from baseline to study day 11 (DAVG up to
day 11) for plasma HIV-1 RNA. DAVG was computed using
the same method as previously reported,12 except that time
was expressed in days rather than weeks. Samples for HIV-1
RNA were collected at screening, day 0 (baseline), and days
1, 2, 4, 7, 10, 11, 14, and 21. Plasma HIV-1 RNA was
determined with the COBAS Amplicor HIV-1 Monitor Test
version 1.5, ultrasensitive preparation (Roche Diagnostics,
Branchburg, NJ) with a lower limit of detection of 50 HIV-1
RNA copies per milliliter. Whole venous blood samples were
obtained on days 1 and 10 to analyze viral genotype using the
GenoSureMG assay (Monogram Biosciences Inc, South San
Francisco, CA). An allele-specific polymerase chain reaction
(AS-PCR) assay was used to detect low-level mutations
K65R and K70E in reverse transcriptase in plasma HIV-1
samples with .1000 copies per milliliter of HIV-1 RNA as
previously described.13

Safety Assessments
After screening and day 0 (baseline), subjects were

required to visit the clinic on days 1–4 and days 7, 10, 11, 14,
and 21. Safety evaluations were completed as follows:
adverse events (AEs) and concomitant medications on days
1–4, 7–11, 14, and 21; physical examinations at screening and
days 0, 2, 7, 10, 14, and 21; fasting laboratory parameters on
days 0, 7, 10, 14, and 21; and electrocardiograms at screening
and days 0, 1, 4, 10, and 14.

Pharmacokinetic Assessments
Serial blood samples were collected for plasma and

PBMC PK on days 1 and 10 at the following time points relative
to study drug dosing: PK plasma: 0 (predose), 0.25, 0.5, 1, 1.5, 2,
3, 4, 6, 8, and 12 hours; PBMC: 0 (predose), 1, 2, 6, and 12
hours. Additional trough plasma samples were collected on days
2, 4, 7, 11, 14, and 21. Additional trough PBMC samples were
collected on days 2, 4, 7, 11, 14, and 21 and at 0 (predose), 1, 2,
6, and 12 hours. Plasma samples were analyzed using a validated,
high-performance liquid chromatography–tandem mass spec-
trometry method to determine TAF and TFV concentrations at
QPS laboratories (Newark, DE). Pharmacokinetic parameters
[including peak observed plasma concentration (Cmax), time of
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occurrence of Cmax (tmax), area under the plasma concentration–
time curve during 1 dosing interval (AUCtau), terminal elimina-
tion phase half-life (t1/2), and concentration at the end of the
dosing interval (Ctrough)] were estimated based on the observed
concentration–time data by the noncompartmental pharmacoki-
netic approach using WinNonlin version 6.2 (Pharsight
Corporation, Mountain View, CA). Pharmacokinetic and phar-
macodynamic relationships were explored using an Emax model,
where Effect = (Emax · log10 PK parameter)/(log10 PK parameter
50 + log PK parameter). Day 10 Cmax and AUC and changes in
HIV-1 RNA were fit to Emax models that investigated both fixed
(hill = 1) and variable hill slopes. Models were compared using
goodness of fit to select the most appropriate model.

Statistical Analyses
A planned sample size of approximately 8 subjects per

group in the 3 TAF treatment groups and 8 in the placebo-to
match TAF group was to provide 90% power to detect a
treatment difference of 0.75 log10 copies per milliliter of
DAVG11 in HIV-1 RNA between at least 1 of the 3 TAF
treatment groups and the placebo group. In this power analysis,
it was assumed that a common SD for DAVG11 in HIV-1
RNA was 0.27 log10 copies per milliliter (based on study
GS-120-1101), and a 2-sided Wilcoxon rank sum test was
conducted at an alpha level of 0.05. The time-weighted average
change from baseline to study day 11 (DAVG up to day 11) for
plasma HIV-1 RNA was summarized by treatment, and pair-
wise comparisons among treatment groups were performed
using Wilcoxon rank sum test. The viral decay slope was
fitted using log-linear regression model, where HIV-1 RNA
collected on day 1 (the last available value before the first dose)
and day 7 (the last available value up to day 7) were used as the
dependent variable and day as the independent variable. The
ratio of the mean slope between treatment pairs of interest was
calculated. Comparison of the slopes from 2 different treatment

groups of interest was performed using Wilcoxon rank sum
test. For computations, HIV-1 RNA values of less than 50
copies per milliliter were the assigned values of 49 copies.
No adjustments for multiple comparisons were made. The
relationships between pharmacokinetic parameters (AUCtau

and Ctau) and DAVG11 were assessed using Pearson correla-
tion analysis. All statistical analyses were performed using
SAS version 9.1 (SAS Institute Inc, Cary, NC).

RESULTS

Subjects
Of the 38 subjects (9 in 8 mg TAF, 8 in 25 mg TAF, 8 in

40 mg TAF, 6 in 300 mg TDF, and 7 in placebo) randomized
and treated, demographics and baseline characteristics were
similar (Table 1). Thirty-seven (97.4%) were men, 20 (52.6%)
were White, and 14 (36.8%) were black. The mean age was
38 years (range: 20–57 years), the mean body mass index was
26.8 kg/m2 (range: 19.9–37.3 kg/m2), and the mean estimated
glomerular filtration rate by Cockroft-Gault was 118.2 mL/min
(range: 64.2–173.9 mL/min). The mean CD4 count was 478 cells
per microliter, and the mean baseline plasma HIV-1 RNA was
4.5 log10 copies per milliliter. At baseline, no subjects had resis-
tance mutations to NRTIs or primary resistance mutations to
protease inhibitors (PIs); 2 subjects had resistance mutations to
nonnucleoside reverse transcriptase inhibitors (NNRTIs; 1
K103N and 1 V179D).

Antiviral Activity
The HIV-1 RNA responses for the 8-mg TAF

treatment group were similar to that of the 300-mg TDF
group. However, median DAVG11 for plasma HIV-1 RNA
(log10 copies/mL) in the 25- and 40-mg TAF treatment
groups showed significantly greater decreases compared

TABLE 1. Demographics and Baseline Characteristics

Characteristic

TAF Once Daily

300 mg TDF (n = 6) Placebo (n = 7) All (n = 38)8 mg (n = 9) 25 mg (n = 8) 40 mg (n = 8)

Men, N (%) 9 (100) 8 (100) 7 (88) 6 (100) 7 (100) 37 (97)

Race, N (%)

Black 4 (44) 4 (50) 2 (25) 0 4 (57) 14 (37)

White 4 (44) 4 (50) 4 (50) 5 (83) 3 (43) 20 (53)

Mean age, years
(minimum,
maximum)

37 (20, 48) 41 (22, 57) 32 (28, 42) 41 (29, 52) 40 (27, 49) 38 (20, 57)

Plasma HIV-1
RNA, log10
copies per
milliliter, mean
6 SD
(minimum,
maximum)

4.5 6 0.37 (3.8, 5.0) 4.5 6 0.38 (3.7, 4.9) 4.3 6 0.48 (3.4, 4.8) 5.0 6 0.31 (4.6, 5.5) 4.2 6 0.78 (2.8, 5.3) 4.5 6 0.51 (2.8, 5.5)

Mean CD4+ cell
count, cells per
microliter
(minimum,
maximum)

535 (255, 904) 400 (278, 511) 502 (324, 784) 457 (148, 1131) 483 (275, 702) 478 (148, 1131)
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with the 300-mg TDF treatment group (20.94 and 21.08 vs
20.48, P = 0.017 and P = 0.006, respectively). The median
decrease in the plasma HIV-1 RNA levels from baseline to day
11 was also significantly greater for groups that received 25 mg
TAF (21.46 log10 copies/mL, P = 0.024) and 40 mg TAF
(21.73 log10 copies/mL, P = 0.003) compared with the group
that received 300 mg TDF (20.97 log10 copies/mL) (Fig. 1).
Notably, TAF reaches near-maximal activity at a dose of 25 mg,
whereas higher doses of TAF—including a comparison with
doses of 40 and 120 mg from the previous study,9 GS-US-
120-1101—do not show significant increases in HIV-1 RNA
responses (Fig. 2). In patients receiving 25 and 40 mg TAF once
daily, antiviral response was sustained between days 11 and 14
despite dosing discontinuation on day 10. The first-phase decay
slopes for plasma HIV-1 RNA for the 25- and 40-mg TAF
treatment groups were significantly steeper than for the 300-mg
TDF treatment group (P = 0.012 and P = 0.006, respectively).
Median first-phase decay slopes were20.305,20.455, 20.511,
and 20.183/d for the 8-, 25-, and 40-mg TAF and 300-mg TDF
treatment groups, respectively (Table 2).

Pharmacokinetics
All 25 subjects receiving TAF had detectable con-

centrations of TAF on day 1 after dosing commenced.
After administration of 8, 25, or 40 mg TAF, TAF was
rapidly absorbed (median Tmax ;0.50 hours), displayed
a short plasma half-life (t½ ;0.40 hours), and was below
the limit of quantitation in plasma by ;5 hours postdose.
Accordingly, AUClast was used as an exposure metric (vs
AUCinf). Given its short half-life, exposures were compa-
rable between single- and multiple-dose administration (ie,
no accumulation).

After administration of 8, 25, or 40 mg TAF or 300 mg
TDF, the highest TFV plasma concentrations were observed
with TDF. Multiple dosing resulted in higher TFV plasma
concentrations vs single dose consistent with drug accumu-
lation. Overall, TFV displayed linear PK consistent with its
established profile. TFV exposures on day 10 after daily
administration of 300 mg TDF yielded a mean (percentage of
coefficient of variation) AUCtau of 1918.0 (39.4) ng h/mL,
consistent with historical data. Upon multiple dosing of 8, 25,

or 40 mg TAF, the mean TFV AUCtau was 97%, 86%, and
79% lower, respectively, whereas mean TFV Cmax was 98%,
94%, and 89% lower, respectively, as compared with 300 mg
TDF (Table 3). TFV-DP concentrations in PBMCs (AUC)
were comparable with 8 mg TAF and 300 mg TDF and mark-
edly higher with 25 (;7-fold) and 40 mg TAF (;25-fold). On
the last sampling day (day 21; 11 days after last dose), TFV-DP
was quantifiable in 50% of subjects after 8 mg TAF, 100% of
subjects after 25 and 40 mg TAF, and 15% of subjects dosed
with 300 mg TDF.

Pharmacodynamics
Data from this proof-of-concept study demonstrate

potent antiviral activity in HIV-1–infected patients. A
median (minimum, maximum) change from baseline to day
11 in HIV-1 RNA of 21.08 (21.57, 20.18), 21.46 (22.00,
20.77), and21.73 (22.06,21.51) log10 copies per milliliter
was observed after 8, 25, or 40 mg TAF treatment, respec-
tively, as compared with a change of 20.97 (21.30, 0.24)
log10 copies per milliliter with 300 mg TDF. Median viral
load declines for both the 25- and 40-mg TAF doses were
statistically greater than the 8-mg dose, but not significantly
different from one another. TAF AUC fits well with an Emax

model, with an Emax of ;1.7 to 1.8 log10 decline from base-
line and EC50 for AUC of ;32 ng h/mL. A similar fit/Emax

estimate was also obtained using TAF Cmax, which was
somewhat expected given its relatively brief plasma circula-
tion time frame driven by a short half-life and the resulting
contribution of the Cmax to the overall AUC. When compared
with 40-mg and historical 120-mg data, 25 mg TAF ap-
proaches near-maximal activity. The correlation between
TAF dose/plasma exposures and antiviral activity was con-
sistent with its enhanced permeability (vs TFV) into PBMCs
and in turn higher dose-dependent intracellular TFV-DP com-
pared with TDF. As expected, plasma TFV exposures, which
were substantially lower with TAF vs TDF, did not correlate
with antiviral activity.FIGURE 1. Median change from baseline in HIV-1 RNA.

FIGURE 2. Median decrease from baseline HIV-1 RNA at day
10, by TAF dose. *, Data from GS-US-120-1101.
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Antiviral Resistance
All 38 randomized and treated subjects were analyzed

for preexisting resistance in the PR and RT portions of the pol
gene. As required by the enrollment criteria, all subjects had
genotypic sensitivity to TFV at screening. No NRTI resistance
mutations were observed at study entry. NNRTI resistance
mutations were observed in 2 of 38 subjects (5.3%), specifi-
cally K103N and V179D in 1 subject each. Primary PI
resistance mutations were not observed in any of the subjects.
Postbaseline genotypic PR and RT data were available for the
37 of the 38 subjects (97.4%) at day 10. No subject developed
any resistance mutations known to reduce susceptibility to
TFV (K65R, Q151M, T69 insertions, or TAMs) nor any other
NRTI, NNRTI, or PI resistance mutations by standard
genotypic analyses. More sensitive genotypic analysis was

also performed on plasma samples to monitor for minor
variants using an AS-PCR. This quantitative assay can detect
low-level TFV mutations K65R and K70E down to 0.5%
within an HIV-1 population (compared with ;25% using the
standard sequencing). AS-PCR data were available at both
baseline and day 10 time points for 87% (33/38) of the sub-
jects. No subject from any treatment group (8, 25, and 40 mg
TAF, 300 mg TDF, or placebo) had detectable K65R or K70E
mutations down to the assay cut-off of 0.5% at either baseline
or the end of 10 days of monotherapy treatment.

Safety
Through 10 days of monotherapy, TAF was generally

well tolerated. The most frequently occurring treatment-emergent

TABLE 2. Antiviral Activity

Characteristic

TAF Once Daily 300 mg TDF
(n = 6) Placebo (n = 7)8 mg (n = 9) 25 mg (n = 8) 40 mg (n = 8)

Median DAVG11*, log10 copies per milliliter
(minimum, maximum)

20.76 (20.97,
20.24)

20.94 (21.31,
20.54)

21.08 (21.46,
20.84)

20.48 (20.94,
20.11)

20.01 (20.08,
1.01)

P vs 300 mg TDF 0.216 0.017 0.010 — 0.038

Median D in HIV-1 RNA at day 11, log10 copies
per milliliter (minimum, maximum)

21.08 (21.57,
20.18)

21.46 (22.00,
20.77)

21.73 (22.06,
21.51)

20.97 (21.30,
0.24)

20.07 (20.22,
0.08)

P vs 300 mg TDF 0.768 0.024 0.003 — 0.038

Median first-phase decay slope†, log10 copies per
milliliter (minimum, maximum)

20.305 (20.525,
20.074)

20.455 (20.707,
20.201)

20.511 (20.708,
20.374)

20.183 (20.415,
20.001)

0.036 (20.205,
0.412)

P vs 300 mg TDF 0.18 0.012 0.006 — 0.027

*Time-weighted average change from baseline up to day 11 (DAVG11) in plasma HIV-1 RNA (log10 copies/mL).
†The viral decay slope was based on the HIV-1 RNA measurements on days 1 and 7 and between days 1 and 7.

TABLE 3. Steady State Pharmacokinetics on day 10

Parameter

TAF Once Daily

300 mg TDF (n = 6)8 mg (n = 9) 25 mg (n = 8) 40 mg (n = 8)

TAF multiple dose PK day 10

AUClast (ng h/mL), mean (% CV) 54.7 (92.6) 115.2 (33.4) 308.9 (33.6) —

Cmax (ng/mL), mean (% CV) 85.8 (116.3) 223.6 (58.8) 629.5 (57.0) —

Tmax (h), median (Q1, Q3) 0.50 (0.50, 0.50) 0.50 (0.50, 0.75) 0.50 (0.38, 0.50) —

t½ (h), median (Q1, Q3) 0.38 (0.26, 0.50)* 0.39 (0.34, 0.54) 0.42 (0.32, 0.49) —

TFV multiple dose PK day 10

AUCtau (ng h/mL), mean (% CV) 65.5 (23.5) 267.7 (26.7) 405.8 (12.7) 1918.0 (39.4)

Cmax (ng/mL), mean (% CV) 4.2 (24.7) 15.7 (22.1) 28.3 (8.7) 252.1 (36.6)

Ctau (ng/mL), mean (% CV) 2.1 (33.8) 9.2 (26.1) 13.3 (16.0)† 38.7 (44.7)

Tmax (h), median (Q1, Q3) 1.50 (1.00, 1.98) 1.50 (1.25, 1.75) 1.29 (1.04, 1.50) 1.25 (0.58, 2.00)

t½ (h), median (Q1, Q3) 30.77 (26.90, 55.61)‡ 40.19 (28.98, 44.84) 35.95 (26.38, 42.90)† 14.86 (12.18, 16.81)

PBMC TFV-DP multiple dose PK

AUCtau (mM h), mean (% CV) 3.5 (77.1)§ 21.4 (76.9)k 74.5 (92.7)¶ 3.0 (119.6)#

AUClast is presented for multiple dose PK because TAF concentrations are below the level of quantification by approximately 5 hours postdose and using AUClast instead of
AUCinf or AUCtau, respectively, provides a more appropriate measure of exposure assessment.

*n = 8.
†n = 7.
‡n = 8.
§n = 6.
kn = 4.
¶n = 7.
#n = 4.
% CV, percentage of coefficient of variation.
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AEs in any treatment group in 2 or more subjects were nausea
and fatigue: 2 of 8 subjects who received 40 mg TAF
experienced nausea and 2 of 9 subjects who received 8 mg
TAF experienced fatigue. The remaining AEs occurred in
only 1 subject receiving study treatment. No drug-related AE
occurred in more than 1 subject. No subject experienced
a treatment-emergent AE that led to premature study drug
discontinuation. Most treatment-emergent AEs experienced
by subjects during the study were grade 1 (mild) or grade 2
(moderate) in severity. A grade 3 (severe) treatment-emergent
AE was reported in 1 subject receiving placebo. No subjects
experienced a grade 4 (life threatening) treatment-emergent
AE during this study. One treatment-emergent serious AE
was reported in a subject receiving 25 mg TAF (chest pain)
but was not considered by the investigator to be related to
study drug. No deaths or pregnancies occurred during this
study. The majority of treatment-emergent laboratory abnor-
malities were grade 1 or grade 2. No treatment-emergent
graded serum creatinine, serum phosphate, or urine glucose
laboratory abnormalities were reported, and graded urine
protein laboratory abnormalities were reported with similar
frequency in each treatment group.

DISCUSSION
This proof-of-concept study demonstrated that a TAF

dose as low as 25 mg had substantially reduced TFV
exposures with improved pharmacodynamics compared with
300 mg TDF and substantially informs the clinical develop-
ment of this compound. The antiviral dose–response relation-
ship for TAF is now well characterized down to 8 mg (Fig. 2).
At the 8-mg dose, the antiviral effect of TAF was similar to
300 mg TDF and predictably increased with higher doses of
TAF. Notably, a TAF dose of 25 mg demonstrated a signifi-
cantly greater antiviral effect than 8 mg TAF, whereas higher
doses of TAF did not show a significant difference in this
study of subjects without NRTI resistance mutations. Accom-
panying pharmacokinetic data demonstrate a dose-dependent
increase in intracellular PBMC TFV-DP exposures, with
mean TFV-DP AUCtau values similar between 8 mg TAF
and 300 mg TDF and ;7- and ;25-fold higher with 25
and 40 mg TAF, respectively.

Achieving higher intracellular TFV-DP exposures
may have clinical use beyond the effect on plasma viral
load, potentially including a higher barrier to the develop-
ment of TFV resistance, activity against HIV-1 variants
with mutations associated with TFV resistance, superior
durability of combination regimens, and potential impact
on low-level virus replication. Whereas viral resistance to
TAF or TDF did not develop in this trial, further study
would be required to determine if higher intracellular
exposures of TFV-DP present a higher barrier to the
development of resistance that is observed with 300 mg
TDF. The increase in TFV-DP, the active antiretroviral
moiety of TFV, would be expected to result in a similar
increase in the intracellular inhibitory quotient, potentially
leading to improved antiviral activity against viruses with
mutations that confer moderate increases in TFV EC50,
such as K65R or multiple TAMs.

The precise characteristics of antiretroviral drugs that
lead to long-term durability in the clinic are unknown but may
be related to durable antiviral activity after drug dosing. From
a patient’s point of view, skipped doses, acute illnesses, and
other clinical events that lead to suboptimal delivery of the
active drug moiety to the site of HIV replication are likely to
occur over long-term chronic therapy. In this respect, it is an
encouraging observation that in this study, subjects who
received 25 mg TAF once daily had an antiviral response that
was sustained between days 11 and 14 despite dosing discon-
tinuation on day 10. The parent drug, TFV, is already unique
in the nucleos(t)ide analog class, because of its long half-life
as the active diphosphate in uninfected cells and limited
development of resistance in vivo.

Although the TAF dose of 25 mg resulted in signif-
icantly greater intracellular TFV-DP exposures and a greater
antiviral effect, importantly, it also yielded systemic
exposures of TFV that were substantially lower (;86%),
with a mean AUCtau of 267.7 ng h/mL compared with
1918.0 ng h/mL at steady state. TAF was rapidly absorbed
with detectable levels by 0.25 hours postdose, with quantifi-
able levels in plasma for ;4 to 5 hours postdose. In com-
parison, TDF is not detectable at any time point postdose,
providing clinical evidence in HIV-positive subjects for the
observation that TAF is more stable than TDF in plasma.10

When interpreting the potential clinical use of these
short-term data, the current standard prodrug of TFV, 300 mg
TDF, serves as a useful reference because substantial clinical
experience characterizes its antiviral effect as monotherapy14

and the durable efficacy and safety of TDF as part of multiple
combination regimens for the long-term treatment of chronic
HIV infection.15 How these observed differences in plasma
and intracellular pharmacokinetics between commercially
available 300 mg TDF and the investigational drug TAF
might translate into long-term safety and efficacy remains to
be seen. High-dose subcutaneous TFV administered to non-
human primates causes proximal renal tubular dysfunction,
and detailed analyses of this dose-related toxicity suggest
a relationship between TFV clearance and/or AUC and renal
and bone toxicities.16 Therefore, a prodrug that delivers sub-
stantially less plasma TFV exposures may reduce these
known TFV-associated toxicities. It should be noted, how-
ever, that the higher intracellular levels of TFV-DP after
administration of TAF open the possibility of safety issues
not observed with TDF. In this study, TAF was well tolerated
in each dosing arm and showed safety profiles similar to that
of the 300-mg TDF treatment group.

HIV-positive patients today initiate therapy earlier and
currently must look ahead toward uninterrupted ART for life,
which is increasingly complicated by the morbidity and
mortality associated with age-associated comorbidities.
Although TDF-based regimens are commonly prescribed in
the treatment of HIV infection, a next-generation TFV prodrug,
optimized for long-term safety and tolerability, maintenance of
viral suppression, and prevention of drug resistance, could
bring substantial benefits to individual patients. Compared with
300 mg TDF, TAF, with doses as low as 25 mg, demonstrated
greater antiviral effect at less than 1/10th the dose, with an
almost 90% reduction in circulating TFV. These results support
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a broad evaluation of this next-generation TFV prodrug in
larger and longer term studies in HIV-1–positive patients. Clin-
ical studies of TAF administered as a once-daily, single-tablet
regimen with elvitegravir, cobicistat, and emtricitabine are cur-
rently underway.
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