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Abstract

Dapivirine (DPV), formulated as vaginal ring, demonstrated HIV risk reduction. MTN-026 explored DPV, for-
mulated as rectal gel, for safety, pharmacokinetics (PK), and acceptability. HIV-uninfected men and women
aged 18–45 years were enrolled at United States and Thailand sites and randomized 2:1 to receive DPV 0.05%
or placebo gel via rectal applicator. A single-dose phase was followed by seven observed daily doses. Plasma
and fluid and tissue from both rectum and cervix were collected at baseline and after the final dose over 72 h for
PK, ex-vivo HIV-1 biopsy challenge, histology, and flow cytometry. Twenty-eight participants were random-
ized; 2 terminated early; 9 were female and 19 male; 12 were white, 11 Asian, 4 black, and 1 other race/
ethnicity. Mean age was 28.5 and 34.2 years in the DPV and placebo arms, respectively. Thirty adverse events
occurred (all Grade 1 or 2, except one unrelated Grade 3) without study arm differences. DPV rectal tissue
concentrations [median (interquartile range)] 0.5–1 and 2 h after a single dose were 256 ng/g [below the lower limit
of quantification (BLQ)–666] and BLQ (BLQ–600), respectively, then BLQ (BLQ–BLQ) from 24 to 72 h; concen-
trations following multiple doses were similar. The largest median DPV plasma concentrations were 0.33 ng/mL
(0.15–0.48) after one dose and 0.40 (0.33–0.49) after seven doses. The DPV rectal gel was acceptable and without
safety concerns. While DPV plasma concentrations were similar to the vaginal ring, rectal tissue concentrations
were well below vaginal ring tissue concentrations, suggesting need for reformulation.
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Introduction

The biomedical HIV prevention landscape has in re-
cent years added oral methods, including tenofovir dis-

oproxil fumarate (TDF)/emtricitabine (FTC)1,2 and tenofovir
alafenamide/FTC.3 Similar to the field of female contracep-
tion, one type of HIV prevention may not meet the needs of
all at-risk demographics, and there is currently a robust port-
folio of HIV prevention research investigating alternative
methods of administration, formulations, and drugs. These
include long-acting antiretroviral injectables/implants, broadly
neutralizing antibodies, vaccines, and topical products. Both
oral pre-exposure prophylaxis (PrEP) and one study of vag-
inal gel have shown efficacy when used on demand.2,4 Rectal
microbicides, therefore, have appeal for some due to their
potential on-demand use if protective tissue concentrations
could be achieved rapidly after dosing and their reduced tox-
icity due to greatly reduced systemic drug exposure as seen
with vaginal microbicides.5–7 To date, no rectal microbicide
has been studied in an efficacy trial.

Dapivirine (DPV), a non-nucleoside reverse transcriptase
inhibitor is a substituted di-amino-pyrimidine derivative with
potent antiviral activity against HIV-1 and was initially de-
veloped as an oral antiretroviral treatment. A vaginal ring
formulation of DPV was evaluated for HIV-1 prevention in
two Phase 3 studies that demonstrated a risk reduction of
between 31% [hazard ratio, 0.69; 95% confidence interval
(CI), 0.49–0.99; p = .04] and 27% (95% CI, 1–46; p = .046)
for HIV among women in four African countries.8,9 This
ring received a positive scientific opinion from the European
Medicines Agency (EMA) under the Article 58 procedure
for use by cisgender women aged 18 years and older in de-
veloping countries to reduce their risk of HIV-1 infection and
a recommendation from the World Health Organization
(WHO). These positive opinions will facilitate national reg-
ulatory reviews in Africa where women face the highest risk
for HIV and the ring is intended for initial rollout, pending
approvals.10

In the context of an efficacious DPV vaginal ring, there is
an imperative to initiate investigation of a rectal microbicide
DPV gel with the potential to protect this epithelium from HIV
infection from receptive anal intercourse (RAI). The current
study is the first to evaluate the safety, Pharmacokinetic (PK)
and acceptability of 0.05% DPV gel administered rectally.

Materials and Methods

This was a Phase 1, randomized, double-blind, three-site,
placebo-controlled trial with planned enrollment of 27 par-
ticipants at the University of Pittsburgh, Pennsylvania, the
University of Alabama at Birmingham, Alabama, and the
Silom Community Clinic, Bangkok, Thailand clinical re-
search sites. The participants were randomized (2:1) to re-
ceive DPV gel (0.05%) as used in previous studies or placebo
gel under direct observation. This trial was registered in the
ClinicalTrials.gov database.

Study objectives

The primary objectives of the study were to assess the
safety and PK of DPV gel (0.05%), secondary and explor-
atory objectives assessed the acceptability and various as-
pects of mucosal safety, including preliminary (ex vivo)
efficacy of the gel after rectal application.

Participants and regulatory

Healthy HIV-negative men and women between the ages
of 18 and 45 years were recruited from a variety of sources
across sites, including outpatient clinics, universities, and
community-based locations, using approved recruitment ma-
terials. Ethics approval was obtained from the Universities
of Pittsburgh and Alabama, Birmingham, the Thai Ministry
of Public Health, the Faculty of Tropical Medicine, Mahidol
University, the Bamrasnaradura Infectious Diseases Institute,
and the U.S. Centers for Disease Control and Prevention be-
fore the study commencing. All participants signed informed
consent.

Participant instructions and schedule

Twenty-seven participants were randomized (2:1) to re-
ceive rectally administered DPV gel (0.05%) or placebo gel.
Participants initially received a single dose of the gel admin-
istered by the study staff. Following a minimum 2-week
washout period, participants were instructed to present to
the clinic daily for the 7-day directly observed dosing phase
where the product was administered either by the participant
(under observation by study staff) or by study staff, depend-
ing upon site and/or participant preference. Study staff who
administered the gel were not the same staff who assessed the
participant’s safety (Fig. 1).

Participants received one prefilled applicator of DPV gel
(0.05%) or placebo gel at Visit 7 in case they could not attend
one of their seven daily dosing clinic visits and were infor-
med of the ideal storage conditions and correct disposal of
the used applicator. If a participant was not able to attend a
clinic visit, the participant was instructed to administer the
dose at home at approximately the same time of day as all
other daily doses, unless the next dose was due within the
next 6 h. If the next dose was due within 6 h, the dose was
skipped, and the next dose was administered as originally
scheduled. Participants who missed more than one applica-
tion of the product were instructed to contact the site for
further direction.

Products

DPV gel (0.05%) was formulated as an aqueous semisolid
gel with a pH of 4.7 and osmolality of 767 mOsm/kg. The
excipients in the gel were pharmacopoeia grade components
with a history of use in currently approved vaginal products,
including purified water, sodium hydroxide, polycarbophil,
hydroxyethyl cellulose (HEC), propylene glycol, methylpar-
aben, and propylparaben. Each prefilled applicator contained
*2.5 g (2.5 mL) of DPV gel (0.05%) that was stored at room
temperature 25�C (77�F) before use with excursions per-
mitted between 15�C and 30�C (59�F to 86�F).

The Universal Placebo gel contained HEC as the gel
thickener, purified water, sodium chloride, sorbic acid, and
sodium hydroxide. The gel was isotonic and formulated at
a pH of 4.4. Each prefilled applicator contained *2.5 g
(2.5 mL) and was stored at room temperature 25�C before use
with excursions permitted between 15�C and 30�C.

MTN-026 used a prefilled applicator previously used in
other rectal microbicide studies, including RMP02/MTN-006,
MTN-007, Project GEL, CHARM 01/03, and MTN-017. The
applicator was manufactured by HTI Plastics (Lincoln, NE)
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in accordance with HTI’s quality assurance procedures and
the Good Manufacturing Practices as established by the U.S.
Food and Drug Administration.

Safety

Routine safety laboratory evaluations included testing for
renal and liver function, hematology, and HIV. PK (plasma,
rectal/cervical fluid and tissue), and pharmacodynamic (PD;
rectal/cervical tissue) testing was undertaken as previously
described.11–13

Adverse events (AEs) were graded using the NIH Division of
AIDS Table for Grading the Severity of Adult and Pediatric
Adverse Events, Corrected Version 2.1, July 2017 and Ad-
denda 1, 2, and 3 [Female Genital (Dated November 2007),
Male Genital (Dated November 2007), and Rectal (Clarifica-
tion dated May 2012) Grading Tables for Use in Microbicide
Studies]; (https://rsc.niaid.nih.gov/clinical-research-sites/
daids-adverse-event-grading-tables). In cases where a genital
or anorectal AE was covered in multiple tables, the Rectal
Grading Table for Use in Microbicide Studies took priority.

All AEs were classified using the MedDRA organ system
class/preferred term. The proportion of participants with at
least one Grade 2 or higher AE was estimated for each arm,

with exact 95% CIs (using the Clopper-Pearson method)
provided, and these were compared using Fisher’s exact test.

The primary safety endpoints were evaluated on all en-
rolled participants who received at least one dose of the study
product (either DPV or placebo gel).

Behavioral assessments

Participants responded to brief Computer-Assisted Self-
Interview (CASI) at the Enrollment visit, after the single dose
and at a follow-up assessment that occurred after the seven
daily doses were applied. Evaluation of acceptability was fo-
cused on two main questions from the computer-assisted self-
interview CASI taken at the final visit (‘‘Overall how easy was
it to use the gel?,’’ ‘‘Overall how did it feel to have the gel
inside you?’’). The endpoints were operationalized as the
proportion of participants who gave a positive response
(‘‘Easy’’ or ‘‘Very easy’’ and ‘‘Very comfortable’’ or ‘‘Com-
fortable,’’ respectively), for which 95% CIs are provided.

Specimen collection for PK, PD, flow cytometry,
and histological assessment

At the enrollment visit, participants had samples collected
by cervicovaginal lavage, rectal tissue biopsies, and rectal

FIG. 1. Diagram of dosing schedule and sampling of blood, rectal fluid and rectal tissue for PK endpoint. Specimen sampling
done at dosing visits was targeted at 0.5–1 or 2 h after the dosing. Sampling of rectal fluid and rectal tissue specimens was
targeted within 30 min of the blood sample. The seven daily doses were spaced by *24 h. PK, pharmacokinetic. Color images
are available online.
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sponges for rectal fluid for baseline safety (histology and flow
cytometry) evaluation. Participants were randomly assigned
to have rectal fluid and rectal biopsies collected by flexible
sigmoidoscopy after both the single and seven daily ap-
plications at (1) either 30–60 or 120 min and (2) at either
24, 48, or 72 h, after the application. Plasma was collected
at either 30–60 or 120 min on the dosing days and at 24, 48
and 72 h postdosing. Cleansing enemas (either saline or
Fleet), consistent within participant and according to site,
were used after collection of rectal fluid and before flexible
sigmoidoscopy for rectal tissue biopsies. Female partici-
pants were also randomized to provide samples of cervi-
covaginal fluid (Dacron swab) and cervical biopsies
(Tischler forceps) at the above-described times only after
the seventh daily dose.

PK assessment

DPV was quantified via validated liquid-chromatographic–
tandem mass spectrometric methods in rectal and cervical
tissue,13 cervical fluid collected on the Dacron swab,14 and
plasma.15 DPV was also quantified in rectal fluid collected on
the Dacron swab using the same methodology as cervical
fluid, with the exception that DPV was extracted from rectal
fluid using 3 mL 1:1 methanol:water solution. Assays were
validated in accordance with FDA Bioanalytical Guidelines
and testing was performed by the Clinical Pharmacology
Analytical Laboratory at the Johns Hopkins University School
of Medicine. Assay lower limits of quantification (LLOQs)
were as follows: plasma DPV: 20 pg/mL; rectal fluid (col-
lected on Dacron swabs) DPV: 0.250 ng/swab; cervical fluid
(collected on Dacron swabs) DPV: 0.250 ng/swab; and cer-
vical and rectal tissue biopsies: 0.05 ng/sample. Results for
rectal and cervical fluid/tissue samples were normalized to
net swab or tissue weights and reported as drug concentra-
tion per mg of swab or tissue, respectively. Median weight-
normalized LLOQs are listed in Table 1.

DPV concentration versus time plots and descriptive sta-
tistics were used to summarize PK data. Samples with con-
centrations below the LLOQ were imputed a value equivalent
to 0 and resulting summaries below the LLOQ are reported as
BLQ. Samples were too sparse to estimate peak concentra-
tion or area under the curve. To calculate each individual’s
elimination constant rate (b) of plasma DPV, we used linear
regression on the log-transformed DPV concentrations from
the 24, 48, and 72 h timepoints, both after single and multiple
doses (BLQ observations were excluded). Terminal elimi-
nation half-life (t1/2) was estimated as log(2)/b. Due to the
large number of BLQs after the single dose, the estimation of
b and t1/2 relied only on concentrations after the multiple
dosing for most of the participants.

Ex vivo explant HIV challenge PD assessment

Four rectal biopsies were obtained from each participant at
each assigned visit and subjected to ex vivo HIV challenge as
previously described.16 HIV-1 p24 antigen assays were per-
formed on the biopsies’ explant cultures at days 3, 7, 10, and
14. The cumulative p24 antigen value was the sum of the four
supernatant p24 antigen concentrations. Cumulative p24 was
biopsy weight-adjusted by dividing the reported cumulative
p24 concentration (pg/mL) by the weight of each biopsy (mg),

yielding final pg/mL/mg units.17 Values below the LLOQ,
10 pg/mL (also weight adjusted) were imputed as either LLOQ
or LLOQ/2.

A multilevel hierarchical random effects model was fitted,
including random effects (intercept) for participants and for
sample time within the participants, with adjustment for en-
ema type, to estimate the difference in mean log10 cumulative
p24 relative to DPV arm baseline and placebo. p-Values are
adjusted for multiple comparisons using the Benjamini-
Hochberg procedure.

PK-PD assessment

Concentration-response PK-PD relationship was assessed in
several ways. First, log10 cumulative p24 from participants in
the DPV Gel arm with detectable (>LLOQ) rectal tissue DPV
concentrations were compared to those with no detectable levels
and placebo gel recipients. Differences in mean (95% CI) log10

cumulative p24 were estimated using generalized estimating
equations, adjusting by type of enema (fleet vs. saline). Second,
we used linear regression to estimate the mean change in the
log10 cumulative p24 per unit change in the log10 DPV con-
centration in rectal tissue. A multilevel hierarchical random
effects model was fitted, including random effects (intercept) for
participants and for collection times within the participants.
Adjustment for type of enema was included. The primary
analysis imputed values below the LLOQ as LLOQ/2 for par-
ticipants in the DPV Gel arm and predose baseline and placebo
arm values as LLOQ/20 to enable assessment of concentration-
response. A sensitivity analysis using a variety of imputed of
DPV placebo values (exclusion or LLOQ/20), DPV arm
<LLOQ values (LLOQ, LLOQ/2, and LLOQ/20), and p24
(LLOQ and LLOQ/2) were also explored.

Histology and mucosal T cell phenotype assessment

For the exploratory mucosal safety endpoints, histology
used standard hematoxylin and eosin staining and evaluated
microscopically using a qualitative injury and inflammation
score as previously described.18 Additional rectal biopsies
collected at designated biopsy visits underwent enzymatic di-
gestion and flow cytometric characterization of mucosal T cell
phenotype as previously described.12

Fisher’s exact test was used to compare the scores result-
ing from the histological evaluation of rectal mucosal tissue
samples. The distribution of biomarkers of T cell phenotyp-
ing obtained by flow cytometry were compared, between
arms, using a Wilcoxon rank sum test, while differences be-
tween samples collected at baseline and after dosing were
tested using a Wilcoxon signed rank test. To account for mul-
tiple testing, a false discovery rate adjustment was performed
using the Benjamini-Hochberg procedure.19

Results

Of the 43 participants who were screened, 27 were eligi-
ble and were enrolled, 10 at Birmingham, AL, and 9 each at
Pittsburgh, PA, and Bangkok, Thailand. One additional par-
ticipant, who was found to have been ineligible only after
completing all visits was enrolled at the Bangkok site (en-
rolled in another HIV prevention study) and is included in
the analysis of primary and secondary endpoints, making a
total of 28 enrolled participants. Fifteen individuals were
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screened but not enrolled as follows: 4 (27%) did not com-
plete all screening procedures, 3 (20%) were eligible but did
not enroll, and the remaining 8 (53%) were not eligible. From
the 28 enrolled participants, 26 (93%) completed the study at
their scheduled exit/end of study visit. One participant dis-
continued the study early due to withdrawal of consent and
one other participant was lost to follow-up. Both participants
were from the Birmingham site and both had been random-
ized to the DPV gel arm (Fig. 2).

Demographics

The mean age of participants was 28.5 years in the DPV
gel arm and 34.2 years in the placebo gel arm. Nine (32%) of
the 28 participants reported their sex at birth to be female,
representing a lower proportion of participants in the DPV gel
arm (4 out of 19 participants, 21%) than in the placebo gel
arm (5 out of 9 participants, 56%). Except for one participant
(sex at birth male) who reported ‘‘other’’ identified gender
(specified ‘‘gay’’), all other participants reported identifying

their gender to be the same as their sex at birth. From the U.S.
sites, 12 (63%) of the participants were white, 4 (21%) were
black or African American, 2 (11%) were Asian, and one
(5%) reported ‘‘Other’’ race (specifying ‘‘Hispanic/Latino’’).
From the Bangkok site, all 9 enrolled participants were
Thai. Two (7%) of the participants were married and 6 (21%)
reported currently living with their partner. Twenty-six par-
ticipants (93%) attended college or university, one partici-
pant (4%) completed secondary school and one (4%) had
incomplete secondary school.

Discontinuations

Two participants, both randomized to the DPV gel arm,
and both from the Birmingham site, discontinued treatment
early. The reasons for early discontinuation of treatment were
recorded as ‘‘Unable/unwilling to comply with study proce-
dures’’ (for the participant who terminated the study at Visit 3
due to withdrawal of consent) and ‘‘Other’’ (for the partici-
pant who was lost to follow-up after Visit 8).

FIG. 2. CONSORT diagram for the disposition of participants in MTN-026.
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Adherence to study product schedule

For the 26 participants who completed the study, all their
gel applications were observed in the clinic except for one
participant in the placebo arm for whom the application
corresponding to Visit 11 was reported as done at home.

Primary endpoint: safety

From the 28 enrolled participants, 27 were exposed to
the study product and thus considered evaluable for the
primary safety endpoint. The proportion of participants
with at least one Grade 2 or higher AE was lower in the
DPV gel arm (3 out of 18, 17%, 95% CI: 4%–41%) than in
the placebo gel arm (5 out of 9, 56%, 95% CI: 21%–86%, p
value = .072).

Overall, there were 30 total AEs reported from 13 par-
ticipants. From the 18 participants receiving DPV gel,
6 (33.3%) reported at least one AE, for a total of 11 AEs,
with 7 AEs (63.3%) of Grade 1 (Mild severity) and 4 AEs
(36.4%) of Grade 2 (Moderate severity). From these 11
AEs observed among participants receiving DPV Gel, 3
AEs [27.3%, two Grade 1 (diarrhea, and anal itching), and
one Grade 2 (diarrhea)] were considered related to the
study product. From the 9 participants receiving the pla-
cebo gel, 7 reported at least one AE for a total of 19 AEs,
with 10 AEs (52.6%) of Grade 1 (Mild severity), 8 AEs
(42.1%) of Grade 2 (Moderate severity), and 1 (5.3%) of
Grade 3 (Severe). From the 19 AEs observed among par-
ticipants receiving the placebo gel, 2 AEs [10.5%, both
Grade 1 (diarrhea, dyschezia)] were considered related to
the study product.

Primary endpoint: PK

From the 19 participants randomized to the DPV gel arm,
18 are included in this endpoint analysis, as one participant
was never administered study product. Also, one of the 18
evaluable participants dropped out during the daily dose
phase, after receiving two doses. For participants in the DPV
gel arm, the mean number of days between these visits was
24 days (range: 21–43 days). Aggregate plasma, rectal fluid,
rectal tissue, cervical fluid, and cervical tissue concentration
results are summarized in Table 1 and concentration versus
time plots are provided for plasma, rectal fluid, and rectal
tissue DPV (Fig. 3 and Supplementary Fig. S1). In both the
single- and multiple-dose phases, DPV concentrations in
plasma rose rapidly through the first 120 min postdose after
which they fell from 24 through 72 h postdose. Median
single-dose plasma DPV fell below the LLOQ by 24 h post-
dose. In the multiple-dose phase, plasma DPV had accumu-
lated median [interquartile range (IQR)]: 167.0 (136.0–
219.0) pg/mL predose and remained above the LLOQ
throughout the 72-h observation period. The median (IQR)
plasma terminal elimination half-life was 52.7 h (35.3–86.2)
among 16 participants with valid estimates (two participants
had a missing or negative estimate of b). For 9 of these 16

evaluable participants, the paucity of plasma values above the
LLOQ left only the multiple-dose phase data for half-life
estimation.

The highest rectal fluid DPV concentrations were observed
with the 30–60 min sample and had dropped below the LLOQ
by 24 h postdose in both single and multiple-dose phases.
Median rectal tissue concentrations never rose above the
LLOQ at any time point postdose in single- or multiple-dose
phase; only a few participants had transient concentrations
above the LLOQ within the first 2 h postdose.

One of the four women randomized to the DPV gel arm did
not receive the study product (early termination) and was
considered as nonevaluable. For the remaining three partic-
ipants, cervical fluid and tissue concentration were below the
LLOQ at all times sampled.

Secondary endpoint: acceptability

The acceptability endpoint focuses on participants’ ease of use
and comfortability of the study product. From the 28 enrolled
participants, 26 completed an Exit Survey by CASI at visit 14, of
which 16 received the DPV Gel and 9 the Placebo Gel. Twenty-
five out of the 26 evaluable participants reported that the gel was
‘‘Easy’’ or ‘‘Very Easy’’ to use (96% with 95% CI: 80%–100%).
Twenty-two out of the 26 evaluable participants reported that the
gel felt ‘‘Comfortable’’ or ‘‘Very comfortable’’ (85% with 95%
CI: 65%–96%). There were no statistically significant differ-
ences in acceptability endpoints between the arms.

Pharmacodynamics

Following a single DPV gel dose, when compared to base-
line values with no drug in the same participants, the mean
(95% CI) log10 cumulative p24 antigen was -0.81 (-1.34 to
-0.27) and -1.3 (-1.81 to -0.79) pg/mL/mg lower in the
biopsies collected at 30–60 and 120 min, respectively (Table 2).
No statistically significant differences, relative to baseline,
were observed at later timepoints. For samples collected after
seven daily doses, no difference in mean log10 cumulative
24 were observed relative to baseline (Fig. 4). Where DPV
concentration was above the LLOQ, the mean log10 cumulative
p24 was significantly lower when compared to biopsies of
placebo participants and DPV arm participants with samples
below the LLOQ, with a mean difference (95% CI) of -1.98
(-2.49 to -1.47) and -1.77 (-2.22 to -1.32) pg/mL/mg, re-
spectively. A 10-fold change in the DPV concentration (ng/mg)
was associated with a mean (95%CI) reduction of -0.56 (-0.69
to -0.40) pg/mL/mg (Fig. 5) and was not affected by en-
ema type (saline or Fleet). While the magnitude of this
concentration-response varied with imputed values for
baseline and BLQ DPV concentrations, all models indi-
cated statistically significant reductions in log10 cumula-
tive p24 with increases in DPV tissue concentration.

Mucosal safety

Histology evaluation. Most participants had scores of 0
or 1 (0 = No abnormality, 1 = Mononuclear cell infiltrate),

‰

FIG. 3. Median and IQR of the DPV concentration in plasma (pg/mL), rectal fluid (ng/mg), and rectal tissue (ng/mg) after
single and multiple doses of gel applied rectally. Horizontal gray dashed lines indicate the DPV assay LLOQ for each
matrix (plasma 20 pg/mL, rectal fluid 0.01 ng/mg, and rectal tissue homogenate 0.003 ng/mg). DPV, dapivirine; IQR,
interquartile range; LLOQ, lower limit of quantification. Color images are available online.
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with only one score of 2 (Neutrophilic infiltrate-lamina
propria, after single application of placebo gel) and one
score of 3 (Neutrophilic infiltrate-epithelium, after multi-
ple doses of DPV gel) observed. From the Fisher’s exact
test, we found no evidence of differences between the DPV
gel arm and the placebo gel arm in the histology scores
after rectal application of a single dose (Visit 3, p val-
ue = .516) or after multiple doses (Visit 13, p val-
ue = 1.000).

Flow cytometry. To evaluate immunological response
to the study product, mucosal T cell phenotyping (CD45+, Vi-
able CD3+, CD4+, CD8+, CCR5, and CXCR4) by flow cy-
tometry was performed on rectal tissue biopsies collected at
Visit 2 (Enrollment), Visit 3 (Single Dose visit), and Visit 13
(last of the Daily Dosing visits). None of the comparisons, either
postdosing relative to placebo or between arms, remained sta-
tistically significant after adjusting for false discovery rate of
10% using the Benjamini-Hochberg procedure. Data not shown.

FIG. 4. Vertical boxplots of log-10 weight-adjusted cumulative p24 (pg/mL-mg) from rectal tissue biopsies collected after
a single or multiple dosing of study product administered rectally, by collection time and study product arm. Individual
observations are indicated by yellow (placebo gel) and light blue (DPV gel) open circles. Horizontal bands show IQR (dark
gray) and overall range of the weight-adjusted LLOQ for the cumulative p24. Color images are available online.

Table 2. Mean of the Log-10 Cumulative p24 (SD) and Estimated Difference of Means,

Relative to the Placebo Arm and Relative to the Baseline Levels in the Dapivirine Gel Arm,

with 95% Confidence Interval

Arm/collection time Mean (SD)

Mean difference (95% CI)

vs. Placebo vs. DPV baseline

Placebo arm, all times 2.94 (0.6)
DPV arm

Baseline 2.72 (0.81) -0.21 (-0.72 to 0.3)
After single dose

30–60 min 1.84 (1.29) -1.02 (-1.64 to -0.41)a -0.81 (-1.34 to -0.27)a

120 min 1.48 (1.33) -1.51 (-2.11 to -0.92)a -1.3 (-1.81 to -0.79)a

24 h 2.76 (0.61) -0.08 (-0.72 to 0.56) 0.13 (-0.43 to 0.7)
48 h 3.22 (0.64) -0.13 (-0.91 to 0.64) 0.08 (-0.63 to 0.79)
72 h 2.87 (0.66) 0.09 (-0.59 to 0.76) 0.3 (-0.3 to 0.9)

After seven daily doses
30–60 min 2.22 (1.2) -0.65 (-1.26 to -0.03) -0.44 (-0.97 to 0.1)
120 min 2.58 (1.09) -0.44 (-1.08 to 0.2) -0.23 (-0.79 to 0.33)
24 h 2.36 (1.04) -0.54 (-1.21 to 0.13) -0.33 (-0.93 to 0.27)
48 h 2.95 (1.12) -0.44 (-1.29 to 0.42) -0.22 (-1.03 to 0.58)
72 h 3.02 (0.65) 0.27 (-0.41 to 0.94) 0.48 (-0.12 to 1.08)

aStatistically significant p-value under a 5% significance level after adjustment for multiple comparisons by the Benjamini-Hochberg
procedure.

CI, confidence interval.
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Discussion

Rectal application of DPV 0.05% gel was acceptable and
without safety concerns in HIV-uninfected male and female
adults with no alterations in sensitive investigational mucosal
parameters, including histology and T cell subset phenotypes.
PK analyses showed detectable median DPV levels in both
plasma and rectal fluid after single administration out to 24 h,
while after seven daily doses, the median rectal fluid detec-
tion was maintained for 24 h, and median plasma DPV was
detected up to 72 h. In both dosing schedules, DPV was de-
tected in rectal tissue of only a few participants and only at
the 30–60- and 120-min timepoints. However, measurable
DPV in rectal tissue corresponded to a graded decrease in
tissue infectivity as measured using the in vitro HIV explant
challenge. No DPV was detected in the female genital tract
following single or multiple rectal DPV administrations.

The hypothesis underpinning the development of rectal
microbicides is that the populations practicing RAI who have
the highest risk of HIV are also the most familiar with the
use of gel products (e.g., sexual lubricants) to facilitate in-
tercourse. Thus, there would be only minimal behavioral
adaptation required to use a gel product for HIV prevention
just before intercourse. Per protocol, and to give context to
rectal microbicide use, all participants in MTN-026 verified a
history of consensual RAI within the last 12 months. Thus,
participants likely had some degree of familiarity with an-
orectal product administration that validates the acceptability
data showing that most found the gel administration both
easy and comfortable. In the current study, we did not assess

whether the DPV gel could act as an alternative to an anal
lubricant before intercourse. The feasibility of using the DPV
gel as a behaviorally congruent product resembling an anal
lubricant (i.e., without needing a rectal applicator) will be
addressed in the MTN-033 study.

The extensive PK analyses conducted in MTN-026 reveal
significant challenges for the current formulation of this prod-
uct. For efficacy, the antiretroviral product needs to be de-
livered in suppressive concentrations to the area most at risk
of incident infection – in this case, the lower rectum. Fol-
lowing the single rectal gel dose, although no participants
had a plasma dose BLQ, 60% of rectal tissue values were
below the LLOQ at 120 min following dosing. Although it is
unknown if efficacy predominantly depends upon local or
systemic drug concentrations, the absence of detectable drug
in tissue so near to the time of application is of concern for a
product that could potentially be used on demand. Reasons
for this may include rapid absorption into the systemic cir-
culation that can be corroborated with detectable plasma
values, sampling issues that may include sample dilution due
to residual enema fluid, and the possibility that in rectal tis-
sue, DPV may have dissociated rapidly ex vivo and was thus
not measured. Although a protective signal was seen in the
ex vivo HIV challenge models, it was seen in far fewer than
after both oral daily FTC/TDF dosing or one-off rectal dosing
of tenofovir.20–22 In addition, the tissue concentrations of
DPV in MTN-026 were much lower than the in vitro IC50 as
well as cervicovaginal tissue concentrations seen with the
DPV vaginal ring that subsequently demonstrated HIV risk
reduction in women in Phase 3 studies.13 However, rectal and

FIG. 5. Log-10 cumulative p24 (pg/mL-mg) from four rectal tissue biopsies versus DPV concentration in rectal tissue
biopsies collected at the same time, with a linear fit from a mixed effects model (samples with DPV concentration BLQ
from participants in the DPV gel arm were imputed a value of LLOQ/2 while samples from participants in the Placebo gel
arm were imputed a value of LLOQ/20). The light gray and dark gray regions indicate the range and interquartilc range,
respectively, of the LLOQs for the cumulative p24 (horizontal gray bars) and the DPV concentration (vertical gray bars).
BLQ, below the lower limit of quantification. Color images are available online.
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vaginal explant methods differ significantly, requiring cau-
tion in such comparisons. Finally, there was no evidence of
rectal to vaginal drug migration, not dissimilar to tenofovir
for which there is a steep concentration gradient from rectal
to cervicovaginal tissue concentration after rectal dosing;
thus, indicating that rectal dosing could not be assumed to
provide any female genital tract protection.6

Although routine daily dosing of a rectal gel product is
unlikely to be either practical or acceptable in at-risk popu-
lations,11 a more sexually active and likely younger popula-
tion may have cause to use the product daily – especially if
these populations have access, availability, and adherence
barriers to daily oral PrEP regimens. Nearly every one of our
research participants reported that the gel was ‘‘Easy’’ or
‘‘Very Easy’’ to use as well as the gel feeling ‘‘Comfortable’’
or ‘‘Very comfortable,’’ which is not surprising given our
inclusion criteria. However, whether frequent dosing of this
DPV gel product is sufficient to prevent HIV infection re-
mains unanswered.

Despite the challenges both investigators and funders face
to design ethically robust HIV prevention studies that dem-
onstrate efficacy in the presence of highly effective oral
combination products, this must not limit the provision of
expanded choice for individuals at risk of HIV infection. The
use of a rectal gel product that may include both an anti-
retroviral with the capacity for lubrication may still be seen
as giving added value in the HIV prevention landscape, es-
pecially for at-risk individuals for whom oral TDF or TAF
with FTC is unacceptable or contraindicated. DPV has dem-
onstrated efficacy in a vaginal ring formulation. Should a
rectal gel product be pursued with DPV, this will require
reformulation where consideration should be given to both a
higher dose and longer lasting PK profile.
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