
An Open-Label Pharmacokinetic and Pharmacodynamic
Assessment of Tenofovir Gel and Oral

Emtricitabine/Tenofovir Disoproxil Fumarate

Ian M. McGowan,1,2 Ratiya Pamela Kunjara Na Ayudhya,3 Rhonda M. Brand,1 Mark A. Marzinke,4

Craig W. Hendrix,4 Sherri Johnson,5 Jeanna Piper,6 Timothy H. Holtz,7–9 Marcel E. Curlin,7,8

Anupong Chitwarakorn,8 Boonyos Raengsakulrach,8 Gustavo Doncel,10 Jill L. Schwartz,10

James F. Rooney,11 and Ross D. Cranston12; and the MTN-017 Protocol Team

Abstract

The Microbicide Trials Network-017 study was undertaken to characterize the safety, acceptability, phar-
macokinetic (PK), and pharmacodynamic profile of the reduced-glycerin (RG) 1% tenofovir (RG-TFV) gel
compared to oral emtricitabine/tenofovir disoproxil fumarate (FTC/TDF). The study was a Phase 2, three-
period, randomized sequence, open-label, expanded safety and acceptability crossover study. In each 8-week
study period, HIV-1-uninfected participants were randomized to RG-TFV rectal gel daily or RG-TFV rectal
gel before and after receptive anal intercourse (RAI) (or at least twice weekly in the event of no RAI), or
daily oral FTC/TDF. A mucosal substudy was conducted at sites in the United States and Thailand. Samples
were collected to evaluate PK and ex vivo biopsy challenge with HIV-1. A total of 195 men who have sex
with men and transgender women were enrolled in the parent study and 37 in the mucosal substudy. As
previously reported, both products were found to be safe and acceptable. Systemic TFV concentrations were
significantly higher following oral exposure and daily rectal administration compared to RAI-associated
product use ( p < .001). All three routes of pre-exposure prophylaxis (PrEP) administration resulted in the
inhibition of explant infection ( p < .05), and there was a significant inverse correlation between explant
HIV-1 p24 and tissue concentrations of TFV and FTC ( p < .0001). Despite significant differences in sys-
temic and mucosal drug concentrations, all three PrEP regimens were able to protect rectal explants from
ex vivo HIV infection. These data suggest that there is a rationale for co-development of oral and topical
antiretroviral PrEP for HIV prevention.

Clinical Trial Registration number: NCT01687218.

Keywords: rectal, microbicide, HIV, prevention, tenofovir, emtricitabine

1Department of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania, USA.
2Orion Biotechnology, Ottawa, Ontario, Canada.
3University of Pittsburgh Medical Center, Pittsburgh, Pennsylvania, USA.
4Department of Medicine, The Johns Hopkins University, Baltimore, Maryland, USA.
5FHI 360, Durham, North Carolina, USA.
6National Institute of Allergy and Infectious Disease, Bethesda, Maryland, USA.
7Division of HIV/AIDS Prevention, United States Centers for Disease Control and Prevention, Atlanta, Georgia, USA.
8Thailand Ministry of Public Health, United States Centers for Disease Control and Prevention Collaboration, Bangkok, Thailand.
9Office of AIDS Research, NIH, Bethesda, Maryland, USA.

10CONRAD/Eastern Virginia Medical School, Arlington, Virginia, USA.
11Gilead Sciences, Foster City, California, USA.
12Department of Medicine, University of Barcelona, Barcelona, Spain.

AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 38, Number 4, 2022
ª Mary Ann Liebert, Inc.
DOI: 10.1089/aid.2021.0115

279



Introduction

Randomized, placebo-controlled clinical studies
of the oral antiretroviral combination emtricitabine/

tenofovir disoproxil fumarate (FTC/TDF) tablet taken
daily or around the time of sexual intercourse have
demonstrated efficacy in reducing incidence of HIV in-
fection in men who have sex with men (MSM).1–3 Oral
FTC/TDF and FTC/tenofovir alafenamide fumarate are
now available by prescription for prevention of HIV in-
fection in at-risk individuals in high- and low-income
countries.

While the increased availability of FTC/TDF or
FTC/TAF pre-exposure prophylaxis (PrEP) is an important
step in HIV prevention, it remains to be seen if oral PrEP
will be accessible and acceptable for long-term use by at-
risk groups, including young women, black MSM, and
transgender men.4–6

While oral PrEP will fulfill HIV prevention needs for
some individuals, options such as a rectal gel, suppository,
or enema may be more desirable to others at risk of HIV
from receptive anal intercourse (RAI).7,8 Lubricating gel
is frequently used to facilitate anal intercourse9 and topi-
cal HIV prevention candidates formulated as lubricants
are likely to be acceptable and easily incorporated into the
sexual practices of populations having RAI. Topical PrEP
in the form of a rectal microbicide has been in develop-
ment for over 15 years. Recently, much of this effort has
focused on the development of 1% formulation of teno-
fovir (TFV) gel, initially using the vaginal formulation
and later the reduced-glycerin (RG) gel with a lower os-
molality.10 The Microbicide Trials Network (MTN) 007
Phase 1 study demonstrated that this modified formulation
was both safe and acceptable to men and women following
daily rectal application for up to seven consecutive days.11

Two subsequent Phase I studies of this RG formula-
tion, CHARM-01 and CHARM-02, confirmed gel safety
as well as demonstrating a favorable mucosal pharmaco-
kinetic (PK) profile associated with simulated RAI.11,12 It
is this RG product that was taken into the Phase 2 MTN-
017 study.

The objectives of the MTN-017 study were to compare
the safety profiles of daily oral FTC/TDF tablet, daily rectal
TFV RG 1% gel, and RAI-associated rectal TFV RG 1% gel,
and to evaluate and compare their acceptability as potential
HIV prevention methods. The overall safety and accept-
ability findings from the MTN-017 study have previously
been published.8,13 This article describes the PK and phar-
macodynamic (PD) data generated in the MTN-017 mucosal
substudy.

Materials and Methods

Study design

MTN-017 was a Phase 2 randomized sequence open-label
expanded safety and acceptability crossover study of the oral
FTC/TDF tablet and rectally applied RG-TFV 1% gel. Par-
ticipants were randomized to one of six sequences consisting
of three 8-week periods with different product use regimens:
daily oral FTC (200 mg)/TDF (300 mg), daily rectal RG-TFV
1% gel, or rectal RG-TFV 1% gel used before and after RAI.
not exceeding two doses within 24 h, consistent with the
method used for vaginal application of 1% TFV gel in the
CAPRISA 004 study in South African women14 (Table 1). If
participants did not engage in RAI, they were instructed to
use two doses of the RG-TFV 1% gel at least once weekly.
Product use was assessed by mixed methods, including un-
used product return count, text messaging reports, and
qualitative plasma TFV PK results.15 Participants were
evaluated at weeks 0, 4 (mid-period), and 8 (end period).
There was a 1-week washout between periods.

The primary study objectives were to assess both safety
and acceptability of daily oral FTC/TDF, daily rectal RG-
TFV 1% gel, and RAI-associated rectal RG-TFV 1% gel.
Secondary objectives were to compare systemic and local
PK, and to evaluate and compare adherence between the three
product use regimens. The MTN-017 study protocol is
available at www.mtnstopshiv.org/studies/4495.

Study sites

There were eight study sites: four in the United States
(Boston, Pittsburgh, San Francisco, and San Juan), two in
Thailand (Bangkok and Chiang Mai), and one each in Peru
(Lima) and South Africa (Cape Town). The mucosal sub-
study described in this article was conducted at the Pittsburgh
and Bangkok sites.

Ethical considerations

Before implementation, the study protocol was reviewed and
approved by the institutional review boards/ethics committees
at each participating site. In addition, the protocol was approved
by the Prevention Sciences Review Committee of the National
Institute of Allergy and Infectious Diseases of the U.S. National
Institutes of Health. All participants provided written informed
consent. The trial was registered with ClinicalTrials.gov.

Participants

Healthy HIV-uninfected MSM and TGW ‡18 years of age
with a history of RAI (protected or unprotected) at least once

Table 1. Study Regimen

Sequence Period 1 (8 weeks) Washout (1 week) Period 2 (8 weeks) Washout (1 week) Period 3 (8 weeks)

1 Daily oral Daily rectal RAI rectal
2 RAI rectal Daily oral Daily rectal
3 Daily rectal RAI rectal Daily oral
4 Daily rectal Daily oral RAI rectal
5 Daily oral RAI rectal Daily rectal
6 RAI rectal Daily rectal Daily oral

RAI, receptive anal intercourse.
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in the previous 3 months were recruited through social
and traditional media, online advertising, flyers, community
engagement, and word of mouth. Individuals with abnor-
malities of the colorectal mucosa, significant gastrointestinal
symptoms, rectal Chlamydia trachomatis or Neisseria go-
norrhoeae infection or any sexually transmitted infection
requiring treatment, chronic hepatitis B infection, hepatitis C
exposure, a requirement to use drugs that were likely to in-
crease the risk of bleeding following mucosal biopsy, or
symptoms suggestive of HIV seroconversion were excluded
from the study.

Study products

CONRAD (Arlington, VA) supplied the RG-TFV 1% gel,
which was provided in prefilled applicators (HTI Plastics,
Lincoln, NE) containing 4 mL gel. RG-TFV 1% gel
(weight/weight) is a transparent gel formulation of tenofo-
vir (PMPA, 9-[(R)-2-(phosphonomethoxy)propyl]adenine
monohydrate), formulated in purified water with edetate
disodium, citric acid, glycerin, methylparaben, propylpar-
aben, and hydroxyethylcellulose, and pH adjusted to 4–5.
The RG-TFV 1% gel has lower glycerin content than the
TFV 1% gel (original vaginal formulation) and a signifi-
cantly reduced osmolality (*800 vs. *3,000 mmol/kg,
respectively). Oral FTC/TDF was supplied by Gilead Sci-
ences (Foster City, CA). Participants were asked to take
either one oral FTC/TDF tablet with water daily or to de-
liver intrarectally the content of an applicator filled with
TFV RG 1% gel using a sachet of lubricant to facilitate
insertion (Good Clean Love, Inc., Eugene, OR) either daily
or before and after RAI. Study product adherence was
monitored through the use of real-time plasma PK and be-
havioral interviews.15

PK analysis

Rectal biopsies for PK and PD (explant infection) studies
were collected at the same time. TFV, FTC, and tenofovir
diphosphate (TFV-DP) concentrations in plasma, rectal fluid,
tissue, and peripheral blood mononuclear cells (PBMCs)
were conducted through previously described liquid
chromatographic-mass spectrometric methods by the Johns
Hopkins University School of Medicine Clinical Pharma-
cology Analytical Laboratory.16,17 Assays were validated in
accordance with FDA: Guidance for Industry, Bioanalytical
Method Validation, recommendations.18 Briefly, assay lower
limits of quantification were as follows: plasma TFV and
FTC: 0.31 ng/mL; rectal fluid TFV: 1.25 ng/sponge; rectal
fluid FTC: 5 ng/sponge; tissue TFV: 0.05 ng/sample; tissue
FTC: 0.25 ng/sample; PBMC; and tissue TFV-DP: 50
fmol/sample. Rectal fluid concentrations were normalized to
the weight of rectal fluid collected on the Merocel sponge
(Beaver-Visitec International, Inc., Waltham, MA) and re-
ported as ng/mg. Intracellular metabolite concentrations were
normalized to cell counts and tissue weights and reported as
fmol/106 cells (PBMC) and fmol/mg (tissue), respectively.

PD analysis

At the baseline visit and end of dosing period (week 8),
rectal biopsies were collected in 20 mL RPMI [with
1.125 lg/mL of Amphotericin Band 0.5 mg/mL of Zosyn

(piperacillin and tazobactam)] and transported to the labo-
ratory for ex vivo infection within 1–2 h using a common viral
stock of HIV-1BaL (104 TCID50), as previously described.19

Supernatants for p24 quantification were collected on days 4,
7, 10, and 14 post-HIV challenge, stored, and later assayed
for p24 antigen (p24 HIV antigen ELISA; NCI, Bethesda,
MD) where the assay’s lower limit of quantification (LLOQ)
was 10 pg/mL. Nondetectable cumulative p24 measures were
converted to 1/2 the LLOQ (5 ng/mL). The sum of all four
supernatant p24 values (cumulative p24) was divided by bi-
opsy weight. The median (of up to four biopsies) cumulative
p24 with and without biopsy weight-adjusted p24 was the
unit of analysis. For PK/PD analysis, drug concentrations
below the LLOQ were imputed as LLOQ/2. For analysis and
plotting purposes, predose (no drug) concentration values
were imputed as LLOQ/20.

Statistical analyses

TFV, TFV-DP, and FTC for all sampled biological ma-
trices were summarized by study visit using median [in-
terquartile range (IQR)] and box plots. Paired comparisons
of PK and PD values among and between regimens were
made using the nonparametric Friedman test and Wilcoxon
signed rank test, respectively. Pairwise correlations be-
tween PK and/or PD variables used the Spearman rank order
correlation test.

Generalized estimating equation models with a gamma log
link, exchangeable correlation structure, and robust errors
were used to evaluate the relationship between cumulative
p24 antigen (dependent variable) and drug concentration and
regimen as independent variables. Explant p24 was evaluated
with and without biopsy weight adjustment. All PK variables
were explored.

Antiretroviral drug concentration-p24 response modeling
explored (1), 2-, 3-, and 4-parameter Imax models (E0 baseline
p24 without drug, Imax maximum p24 change on drug, IC50

molar drug concentration at half-maximal effect, and slope
term [Hill coefficient]), (2) weighting schemes for hetero-
scedasticity, (3) – biopsy weight adjustment, and (4) – im-
putation of baseline and/or below the limit of quantification
values. Drug concentration explored all matrices assayed.
Goodness-of-fit was assessed using the correlation matrix,
coefficient of variation, and Schwartz and Akaike informa-
tion criterion (Phoenix WinNonlin v.8, Certara, Cary, NC).

Results

A total of 195 MSM and transgender women (TW) were
enrolled in the parent study and 37 in the mucosal substudy
conducted in Pittsburgh, PA, and Bangkok, Thailand. Nineteen
participants were enrolled in Pittsburgh and 18 in Bangkok.

PK analysis

TFV and FTC PK data from all biological matrices and
across six observation times are summarized in Table 2.
Comparing end of treatment period (end period) concentra-
tion data, plasma TFV concentrations were highest during the
oral administration period ( p < .001) and tissue and RF TFV
were highest in the daily rectal administration period
( p < .001). TFV concentrations in blood and tissue were
lowest during the RAI-associated dosing period (Table 2).

MTN-017 PK PD STUDY 281
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Tissue TFV-DP was highest during the daily rectal dosing
period and similar between oral and RAI rectal dosing peri-
ods. Comparing plasma concentrations of TFV (oral and
rectal administration) and FTC (oral only) did not demon-
strate any significant difference for either analyte at the end of
the dosing period (week 8) or the mid-period (week 4)
(Wilcoxon test, all p > .57). Comparing the TFV and FTC
plasma concentrations during oral dosing periods against
established oral adherence benchmarks (HPTN 06616) indi-
cates that 82.8% to 90.8% of participants took 7 doses in the
week before sampling (Table 3). This agrees with PBMC
TFV-DP data, indicating 87% of participants took seven
doses in the prior week, based on HPTN 066 benchmarks.
Furthermore, so-called white coat adherence (e.g., dosing
only the day before study visits and not on earlier occasions)
was rare with only 2% of daily adherent participants (based
on plasma TFV) having concomitant PBMC TFV-DP, indi-
cating less than daily dosing

Pharmacodynamics

Ex vivo explant HIV challenge cumulative p24 antigen
results with and without biopsy weight adjustment were

highly correlated (Spearman, r = 0.975, p < .001). There was a
statistically significant decrease in explant infection com-
pared to predrug baseline in all three regimens with median
(IQR) log10 declines as follows: daily oral 0.55 (0.21, 1.00),
p < .001; daily rectal 0.68 (0.02, 0.97), p < .001; and RAI
rectal 0.34 (-0.19, 0.78), p = .025 (Fig. 1). There was no
significant difference in the degree of explant infection be-
tween oral and daily rectal dosing or daily rectal dosing and
RAI-associated dosing, but inhibition of explant infection
was significantly lower in RAI-associated rectal dosing
compared to oral dosing ( p = .026).

PK/PD relationship

Ex vivo infection results in RT were negatively correlated
with paired PK drug concentrations in the respective tissue
and fluids or plasma across all visits (correlation coefficient
ranged from -0.38 to -0.427, all p < .001). Figure 2 shows the
relative decrease from baseline cumulative p24 antigen with
increasing total molar drug concentration.

Generalized estimating equations were used to quantify
the impact of drug concentration increase and drug regimen
on the cumulative p24 antigen response in the explant assay
(Supplementary Table S1). The statistically significant neg-
ative slope of the rectal tissue molar sum indicates a 13 ng/mg
reduction in p24 antigen for every additional 1 ng/mL in-
crease in colon tissue TFV or FTC concentration. In addition,
the daily oral dosing period was independently associated
with reduced HIV infectivity, although with a minor p24
effect compared to changes in tissue drug concentration.

The data were also fit to an inhibitory PD concentration-
response model (data not shown), which indicated a statisti-
cally significant parameter estimate for a 2-parameter
inhibitory Imax model (E0 and IC50). More complex models
(adding Imax and gamma steepness exponent [Hill coefficient]
terms) failed to identify statistically significant parameter

Table 3. Percent of Study Participants Within

Specified Adherence Ranges in the Oral

Emtricitabine/Tenofovir Disoproxil Fumarate

Period Based on Pharmacologic Benchmarks

Drug-period
7 doses

per week
4 doses

per week
<4 doses
per week

TFV mid 88.6% 7.6% 3.8%
TFV end 82.8% 9.7% 7.5%
FTC mid 90.8% 5.4% 3.8%
FTC end 82.8% 10.7% 6.5%

FIG. 1. Side-by-side box plots of cu-
mulative HIV-1 p24 antigen (pg/mL/mg
biopsy tissue shown in log scale) for all
study conditions. Box indicates IQR,
horizontal bar indicates median, whiskers
indicate 1.5 times the IQR, and circles
indicate outliers beyond the whiskers and
less than three times the IQR.*p < .05.
CUM, cumulative; IQR, interquartile
range; RAI, receptive anal intercourse.

MTN-017 PK PD STUDY 283



values for all parameters. Even though we estimated sta-
tistically significant PD parameter estimates, we rejected
the 2-parameter model on grounds of biologic implausi-
bility because (1) the model underestimated E0 (for which
we had empiric baseline [no drug] estimates for com-
parison), (2) very few observations above the fitted IC50

estimate, and (3) the inhibitory p24 asymptote at
infinite drug concentration did not approach the mini-
mum cumulative p24 value (LLOQ), which we have ob-
served in other studies using the same explant methods
and drugs.

Discussion

In this study, we have demonstrated that both oral and
rectal administration of antiretroviral PrEP can prevent
ex vivo HIV challenge infection of colorectal explants. This
provides a rationale for the continued development of topical
antiretroviral PrEP for the prevention of RAI-associated HIV
infection.

Despite advances in the diagnosis and treatment of HIV
infection, new cases are still occurring at an unacceptable
level. The 2019 UNAIDS report estimated that *1.7 mil-
lion new HIV infections occurred in 2018. Consequently,
increased efforts are being made to develop and implement
safe and effective HIV prevention strategies. Antiretroviral
PrEP is the most advanced HIV prevention intervention and
oral PrEP with FTC/TDF is now licensed in several coun-
tries. In addition, FTC/TAF (Descovy�) was approved for
PrEP use in 2019, although the indication excluded indi-
viduals at risk of HIV infection through vaginal sex.20

Ensuring that the most at-risk populations have access to
oral PrEP and support to maximize PrEP adherence during
periods of risk for HIV infection remains a challenge.21 In
this setting, other antiretroviral PrEP modalities are being
developed, including topical products (microbicides),
vaginal rings, and long-acting injectable PrEP.22 We and
others have advocated for the development of topical rectal
microbicides for the prevention of HIV infection associated
with condomless RAI.23

A critical question in the development of topical PrEP is
whether a sufficient amount of antiretroviral drug can be
delivered to the mucosal tissue at risk of HIV infection.
Rectal 1% TFV gel has been shown to protect non-human
primates from SIV infection,24 and has been evaluated in
two Phase 1 studies where it was able to significantly inhibit
HIV infection in colorectal explants.11,12 The MTN-017
mucosal PK/PD study was unique as it provided an oppor-
tunity to compare the safety, acceptability, and PK/PD
profile of both oral and rectal PrEP in a sexually active
population of MSM.13

The plasma PK concentration of TFV was greater after
daily oral FTC/TDF compared to rectal administration and
rectal tissue TFV concentrations were greater after daily
rectal use of TFV gel in comparison to oral administration of
FTC/TDF. These differences in oral dosing and topical dos-
ing were similar to those seen between oral FTC/TDF and
vaginal TFV dosing in MTN-001, a clinical trial using similar
size, crossover design, and the same drug analytical methods
as in MTN-017.25

In the HPTN 066 directly observed PK study, participants
received oral FTC/TDF in a range of dosing regimens (once
weekly to once daily) for 5 weeks.16 When comparing the
HPTN 066 daily FTC/TDF regimen PK data to the MTN-017
oral FTC/TDF data, there were a number of observations: (1)
the number of MTN-017 participants with daily adherence
was consistently high (>82%); (2) blood concentrations of
both FTC and TFV were higher in MTN-017 participants,
which may have been due to collection of samples less than
24 h postdosing (the sampling time in HPTN 066); and (3)
tissue concentrations of FTC, TFV, and TFV-diphosphate in
MTN-017 were largely overlapping those reported in HPTN
066. The data presented herein add substantially to the pub-
lished rectal tissue data for both oral FTC/TDF and rectal
TFV dosing. The duration of dosing in the MTN-017 study
(8 weeks) was greater than that seen in the HPTN 066 study
(5 weeks) and the MTN-017 participants did not have their
product administration directly observed, but they did receive
motivational counseling linked to real-time PK data, which
may have improved overall product adherence.15,26

FIG. 2. Fractional change from base-
line in median cumulative p24 antigen
expressed as ratio of regimen to baseline
ratio (y-axis). Molar concentration sum
(FTC plus TFV) on x-axis. Reference line
(1.0) indicates no change from baseline.
FTC, emtricitabine; TFV, tenofovir.
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Ex vivo/in vitro explant models have been used to screen
candidate PrEP agents including rectal, vaginal, oral, and
injectable forms of PrEP.11,19,27–30 Because the daily (83%–
91%) and four weekly (5%–11%) adherence frequencies
were so high during our oral regimen periods, and given the
demonstrated efficacy of oral FTC/TDF dose observed with
daily, four weekly, and four dose on demand regimens, the
rectal tissue concentrations achieved in MTN-017 are asso-
ciated with a high level of protection.1,3,31 Consistent with
that observation, the magnitude of reduced HIV infectivity as
assessed by the ex vivo explant HIV challenge may be as-
sociated with a high level of clinical HIV protection in this
study population of MSM and TW.

It remains uncertain if the mucosal tissue antiretroviral
concentration alone—and by extension, the rectal tissue
ex vivo HIV challenge alone as a biomarker —is sufficient for
HIV protection or if a combination of systemic and local
mucosal drug concentration is necessary. There has never been
a clinical PrEP efficacy trial of a rectal microbicide (low
systemic, high rectal drug concentrations) to compare to oral
and injectable PrEP trials (high systemic, lower rectal drug
concentration), which would be needed to answer this. Topical
vaginal dosing of TFV or dapivirine demonstrate reduced HIV
infectivity in the ex vivo HIV explant challenge model32–34;
these drugs have also proven effective in randomized clinical
trials, although with less magnitude of protection—even with
post hoc adherence corrections—than oral FTC/TDF combi-
nations and injectable cabotegravir dosing.35–39

The MTN-017 explant studies were conducted at two
separate clinical sites (Pittsburgh and Bangkok), although
the quantification of supernatant HIV-1 p24 antigen from
both trial sites was undertaken in Pittsburgh. Two articles
have explored the variability of explant infection in studies
conducted across multiple sites. In the first study, sites were
provided with a common source of virus and experimental
compound and were able to demonstrate that multiple in-
vestigators could identify when a drug was efficacious
when providing standardized reagents and analytical
techniques were used.40 The second study was able to show
that using four tissue explants (as used in the MTN-017
study) per experimental time point was adequate for com-
parative analyses.41

Despite differences in plasma and tissue PK exposure
related to oral or rectal product administration, significant
inhibition of colorectal explant HIV infection was seen with
all three dosing regimens. These data are encouraging in
terms of generating a rationale for the use of rectal PrEP
regimens for HIV prevention. Understanding the PK/PD
profile of candidate topical products used on an intermittent
basis is important as participants in the MTN-017 study
expressed a preference for RAI-associated dosing compared
to daily rectal use.15 While RAI-associated dosing had the
lowest PK exposure in plasma and rectal tissue and the
smallest reduction in HIV infectivity, this finding is con-
sistent with less frequent dosing, associated reduction in
drug accumulation, and more distant sample timing with
RAI-associated dosing when compared to daily rectal dos-
ing. Whether intermittent dosing achieves similar drug
concentrations at the time of HIV exposure could be esti-
mated using PK models, but the duration for which such
HIV suppressive concentrations need to be sustained after
an HIV exposure has not been established.

Conclusions

The MTN-017 study demonstrated that both oral and top-
ical antiretroviral PrEP are safe and acceptable to sexually
active MSM at risk of HIV infection. This PK/PD substudy
confirms that both routes of administration have the potential
to inhibit explant infection. These data support further de-
velopment of topical PrEP for HIV prevention. However, the
MTN-017 participants expressed a preference for RAI-
associated dosing,8 and it was this regimen that was associated
with the lowest PK exposure in plasma and rectal tissue. It is
therefore unclear whether a single dose of TFV gel adminis-
tered before RAI would be enough to prevent HIV infection.
For RAI-associated dosing to move forward, additional
studies, such as those conducted for oral FTC/TFV, will be
needed to better understand the relationships between drug
exposure and mucosal protection from HIV infection. Higher
concentrations of TFV, currently being explored as a rectal
douche in the DREAM program, may provide a more viable
solution for the development of a safe and effective RAI-
associated topical PrEP strategy for HIV prevention.42
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