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IMPORTANCE Emtricitabine and tenofovir disoproxil fumarate (F/TDF) for HIV preexposure

prophylaxis (PrEP) is highly effective in cisgender men who have sex with men (MSM) when
adherence is high (>4 doses/week). Real-world effectiveness and adherence with F/TDF for
PrEP in cisgender women is less well characterized.

OBJECTIVE To characterize the effectiveness of F/TDF for PrEP and its relationship with
adherence in cisgender women.

DESIGN, SETTING, AND PARTICIPANTS Data were pooled from 11 F/TDF PrEP postapproval studies
conducted in 6 countries that included 6296 cisgender women aged 15 to 69 years conducted
from 2012 to 2020. HIV incidence was evaluated according to adherence level measured
objectively (tenofovir diphosphate concentration in dried blood spots or tenofovir concentration
in plasma; n = 288) and subjectively (electronic pill cap monitoring, pill counts, self-report, and
study-reported adherence scale; n = 2954) using group-based trajectory modeling.

EXPOSURES F/TDF prescribed orally once a day. HIV incidence was analyzed in subgroups
based on adherence trajectory.

MAIN OUTCOMES AND MEASURES HIV incidence.

RESULTS Of the 6296 participants, 46% were from Kenya, 28% were from South Africa, 21%
were from India, 2.9% were from Uganda, 1.6% were from Botswana, and 0.8% were from
the US. The mean (SD) age at PrEP initiation across all studies was 25 (7) years, with 61% of
participants being younger than 25 years. The overall HIV incidence was 0.72 per 100
person-years (95% Cl, 0.51-1.01; 32 incident HIV diagnoses among 6296 participants). Four
distinct groups of adherence trajectories were identified: consistently daily (7 doses/week),
consistently high (4-6 doses/week), high but declining (from a mean of 4-6 doses/week and
then declining), and consistently low (less than 2 doses/week). None of the 498 women with
consistently daily adherence acquired HIV. Only 1of the 658 women with consistently high
adherence acquired HIV (incidence rate, 0.13/100 person-years [95% Cl, 0.02-0.92]). The
incidence rate was 0.49 per 100 person-years (95% Cl, 0.22-1.08) in the high but declining
adherence group (n = 1166) and 1.27 per 100 person-years (95% Cl, 0.53-3.04) in the
consistently low adherence group (n = 632).

CONCLUSIONS AND RELEVANCE In a pooled analysis of 11 postapproval studies of F/TDF for
PrEP among cisgender women, overall HIV incidence was 0.72 per 100 person-years;
individuals with consistently daily or consistently high adherence (4-6 doses/week) to PrEP
experienced very low HIV incidence.
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he World Health Organization recommends the inclu-
sion of oral preexposure prophylaxis (PrEP) containing
tenofovir disoproxil fumarate (TDF) as an option
for HIV prevention in individuals at substantial risk of acquir-
ing HIV as part of combination HIV prevention approaches.! The
combination of emtricitabine and TDF (F/TDF) was approved
for HIV PrEP to prevent sexual acquisition of HIV infection in
adults by the US Food and Drug Administration (FDA) in 20122
and was extended to include adolescents in 2018.3 However, the
relative efficacy of F/TDF for PrEP in cisgender women com-
pared with men who have sex with men (MSM) has been ques-
tioned due to negative results in some randomized clinical trials
in women*® and because of reports of differential concentra-
tions of tenofovir in vaginal vs rectal mucosa.”® Mucosal con-
centration data, in particular, have informed distinct ap-
proaches to the counseling of women compared with MSM, with
women being advised that near-perfect daily adherence is re-
quired for optimal efficacy of F/TDF for PrEP.”°-1°
Among cisgender MSM, the relationship between adher-
ence (the number of F/TDF doses taken per week estimated from
tenofovir diphosphate concentrations in dried blood spots
[DBS]) and prevention efficacy has been described.! Analysis
of the iPrEx Open Label Extension study found no new HIV in-
fections in participants with tenofovir diphosphate concentra-
tions indicative of taking at least 4 doses per week.'? These find-
ings were consistent with modeling data that estimated an HIV
risk reduction of 76% for 2 doses per week, 96% for 4 doses per
week, and 99% for 7 doses per week among cisgender MSM.'*
Since the approval of F/TDF for PrEP, several global post-
approval studies have been conducted to better define the ef-
fectiveness of F/TDF for PrEP in real-world settings and other
contexts outside of randomized clinical trials, including in cis-
gender women. In the present analysis, data were pooled from
11 such studies in 6 countries (Botswana, India, Kenya, South
Africa, Uganda, and the US) including 6296 women to evalu-
ate F/TDF PrEP adherence and HIV incidence. Group-based tra-
jectory modeling was employed,'*"'” allowing leverage of a di-
verse range of quantitative and qualitative adherence data to
examine the adherence-effectiveness relationship of F/TDF for
PrEP in cisgender women. Using this approach, this study
sought to determine the association between baseline demo-
graphics and other characteristics and adherence trajectories
with HIV incidence in women in postapproval settings.

Methods

Study Selection

Data were analyzed from prospective studies involving oral
F/TDF for PrEP in cisgender women and adolescents con-
ducted between 2012, the year F/TDF for PrEP was approved
for use in the US, and 2020. These studies were performed as
part of the postmarketing commitment to the FDA and were
either demonstration projects (n = 7) or open-label studies
(n = 4), with 7 conducted in sub-Saharan Africa,'®2° 2 in
India,?®2” and 2 in the US?®:2° (Table). Study populations var-
ied, but all included individuals who could benefit from PrEP
and persons in serodiscordant (1 partner living with HIVand 1

JAMA Published online March 1,2024

HIV Preexposure Prophylaxis With Emtricitabine and Tenofovir Disoproxil Fumarate Among Cisgender Women

Key Points

Question What is the HIV incidence among cisgender women
with different adherence trajectories to preexposure prophylaxis
(PreP) with emtricitabine and tenofovir disoproxil fumarate?

Findings In this pooled analysis of 6296 participants from 11
postapproval studies of PrEP in cisgender women, the overall HIV
incidence was 0.72 per 100 person-years. The HIV incidence rates
per 100 person-years for different PrEP adherence trajectories
were O for consistently daily (7 doses/week), 0.13 for consistently
high (4-6 doses/week), 0.49 for high but declining (from a mean of
4-6 doses/week and then declining), and 1.27 for consistently low
(less than 2 doses/week) adherence.

Meaning In a pooled analysis of postapproval studies, cisgender
women with daily or consistently high adherence to emtricitabine
and tenofovir disoproxil fumarate for PrEP experienced very low
HIV incidence.

partner without HIV) relationships, adolescent females and
young women, and female sex workers.

Incidence

Between November 2012 and December 2020, a total of 6296
cisgender women aged 15 to 69 years initiated F/TDF for PrEP
as participants in 11 prospective studies (Table). Participants
were followed up regularly (follow-up visit frequencies across
studies ranged from a mean of every 1.1-4.5 months) and un-
derwent HIV testing using protocols in place at each study site.
The “on-PrEP” HIV incidence rate was calculated by dividing
the number of new HIV infection diagnoses by cumulative per-
son-years of follow-up, determined as the time between PrEP
initiation and the earliest date of HIV diagnosis, PrEP discon-
tinuation, study end, or 96 weeks. The HIV incidence rate was
calculated overall and in groups defined by adherence trajec-
tories, as detailed below, to estimate effectiveness of F/TDF
in preventing HIV acquisition using Poisson regression.

Adherence Measures

Adherence data were available for a subset (n = 2955 [47%]) of
participants. Adherence was assessed by a variety of methods,
which were dictated by the protocol for each independent study
(Table). The majority were subjective measures (92%), includ-
ing electronic pill cap monitoring, pill counts, self-report, or a
study-reported adherence scales. Objective adherence mea-
sures included quantification of tenofovir diphosphate in DBS
in 209 participants, reflecting adherence over the past 8 to 12
weeks,3° or of tenofovir in plasma in 46 participants, reflect-
ingadherence over the past 2 to 7 days.>! Of the 46 participants
with plasma tenofovir data, 18 also had tenofovir diphosphate
in DBS measured. Adherence was categorized as daily (7 doses/
week), high (4-6 doses/week), moderate (2-3 doses/week), or
low (less than 2 doses/week) according to the following estab-
lished cutoffs for tenofovir diphosphate in DBS: greater than or
equal to 1249 fmol/punch, 699 to 1250 fmol/punch, 350 to
700 fmol/punch, and less than 350 fmol/punch, respectively.'
For the 46 participants who had tenofovir plasma data that were
used in the group-based trajectory modeling (ie, not including
those with concurrent tenofovir diphosphate measurements in
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Table. Postapproval Studies of Emtricitabine and Tenofovir Disoproxil Fumarate for Preexposure Prophylaxis (PrEP) Among Cisgender Women

in 6 Countries

No. of participants

with adherence data New HIV
No. of Measures used for (No. with objective Age diagnosis,
Source Country Study population  participants  adherence trajectory measures?) range, y No. Start date End date
Partners Kenya, Serodiscordant 334 Tenofovir 329 (88) 18-54 8 11/30/12 5/2/16
Demo?? Uganda couples diphosphate
concentration in DBS,
plasma tenofovir
concentration, and
electronic monitoring
TDF2 OLE??>  Botswana Young 102 Tenofovir 45 (45) 23-44 0 3/6/13 7/17/14
heterosexual diphosphate
adults concentration in DBS
PrEPception?® US HIV-negative 24 Tenofovir 16 (16) 22-47 0 2/25/14  4/7/18
women and male diphosphate
partners living concentration in DBS
with HIV
Kolkata PrEP  India Female sex 678 5-Level 678 19-50 0 1/18/15 9/21/19
Demo?’ workers physician-reported
summary
Kenya PrEP'®  Kenya General 1347 Electronic 507 15-59 3 6/4/15 12/6/17
population monitoring,
self-report, and pill
count
Ashodaya India Female sex 647 Self-report 646 19-51 0 3/3/16 12/15/18
PrEpP2® workers
Safer Kenya Serodiscordant 40 Electronic monitoring 40 20-47 0 3/23/16  2/21/18
Conception?® couples
CRUSH?? us Women in an 25 Tenofovir 7(@7) 22-69 0 5/13/16  8/30/17
urban community diphosphate
clinic concentration in DBS
MPYA19:20 Kenya Young women 348 Tenofovir 348 (14) 18-24 3 12/21/16 2/23/20
(aged 15-24y) diphosphate
concentration in DBS
and electronic
monitoring
3Ps for South Young women 200 2-Level 186 16-25 1 5/23/17 5/21/18
Prevention?*  Africa (aged 16-25y) physician-reported
summary
POWER?? Kenya, Young women 2551 Tenofovir 152 (67) 16-25 17 6/14/17 12/4/20
South (aged 16-25y) diphosphate
Africa concentration in DBS
and 5-level
physician-reported
summary
Total 6296 2954 (237) 32

Abbreviations: CRUSH, Connecting Resources for Urban Sexual Health;
MPYA, Monitoring PrEP Among Young Adult Women; POWER, Prevention

Options for Women Evaluation Research.

@ The number of participants with objective adherence measures (at least 1
measurement of tenofovir diphosphate concentration in dried blood spots

doses/wk), moderate (2-3 doses/wk), and low (<2 doses/wk) as described in
the Methods. The optimal (most stable) model from group-based trajectory

modeling resulted in 4 groups with distinct patterns of adherence. Three

groups had stable adherence over time, regardless of the model (3 or 4
groups) used: consistently daily (7 doses/wk), consistently high (4-6

[DBS] or tenofovir concentration in plasma) in the trajectory modeling (ie, 237
individuals had objective adherence measure data and 2717 participants were
assessed using exclusively subjective measurements in the trajectories).
Adherence was categorized as consistently daily (7 doses/wk), high (4-6

doses/wk), and consistently low (<2 doses/wk). The fourth group had dynamic
adherence over time, which went from initially high to declining (from 4-6 to
2-3 doses/wk).

DBS), participants with plasma concentrations greater than or
equal to 40 ng/mL were assigned to the high adherence group.
This threshold was selected based on prior studies suggesting
that 40 ng/mL reflects recent adherence®*>* and that partici-
pants with pill coverage of at least 80% had plasma tenofovir
concentration greater than 40 ng/mL.3! Participants with
concentrations less than 40 ng/mL were included in the low
adherence group. If more than 1 type of adherence monitor-
ing variable was available, a single measure was used based
on the following priority: (1) tenofovir diphosphate concentra-
tion in DBS, (2) TFV concentration in plasma, (3) physician- or
study-reported 5-level summary (very good, good, fair, poor,
very poor), (4) physician- or study-reported 2-level summary

jama.com

(yes, no), (5) electronic adherence monitoring device, (6) self-
report, and (7) pill count.

Group-Based Trajectory Modeling

Group-based trajectory modeling'* was used to identify pat-
terns of PrEP adherence over 96 weeks. This approach has been
applied to PrEP adherence studies previously.!>"'” Data were
available to support trajectory modeling in 2954 women. Linear,
quadratic, or cubic models were used to allow the data to clus-
ter into 2 to 6 groups of adherence trajectories based on ordi-
nal adherence metrics. An ordinal number was assigned indi-
cating overall adherence to denote the cutoffs in doses per week
across all adherence measurements. For example, if adherence
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Figure 1. HIV Incidence in Postapproval Studies of Emtricitabine and Tenofovir Disoproxil Fumarate

for Preexposure Prophylaxis in Cisgender Women in 6 Countries, 2012-2020

No. of HIV
diagnoses/No.
of participants

HIV incidence rate
per 100 person-

Characteristic years (95% Cl)

Overall 32/6296 0.72 (0.51-1.01) o]
Age at enrollment, y
<25 26/3832 1.33(0.90-1.95) [ e
225 6/2464 0.24(0.11-0.53) | [@—]
Marital status
Married 20/3256 1.15(0.74-1.78) e
Single 10/1791 0.66 (0.35-1.22) —eo—
Education
<Primary 4/1675 0.22 (0.08-0.59) |}-o—|
>Secondary 11/1899 0.58(0.32-1.05) [
Parity
Nulliparous 14/1816 1.68 (0.99-2.83) [ e
At least 1 child 7/1506 0.71 (0.34-1.49) —eo—
0 1 2 3

HIV incidence rate per
100 person-years (95% Cl)

(regardless of method) was categorized as 7 doses per week, the
assignment for that measurement was 4 on a scale of 1to 4. Using
a specified number of trajectories and various shapes (eg, lin-
ear, quadratic), the model estimated the posterior probability
of anindividual belonging to each group and the individual was
classified based on the highest posterior probability. The final
models were selected and groups were defined based on bayes-
ian or Akaike information criterion. Individual trajectories were
further examined using spaghetti plots.

Multinomial ordinal logistic regression models were used
to calculate odds ratios (ORs) and associated 95% Cls in evalu-
ating the association between baseline participant character-
istics and group-based adherence trajectory categories. Mixed
models with random effect by each individual study were used
to account for clustering within the study. Incidence rate ra-
tios (IRRs) were calculated to compare HIV incidence rates
across different adherence trajectories, using the low adher-
ence group as the reference.

All statistical analyses were performed using SAS soft-
ware version 9.3 (SAS Institute) except for the trajectory group
modeling, which was conducted using the R version 3.00 with
the gbmt package (R Foundation; https://cran.r-project.org/
web/packages/gbmt/index.html).

All studies were reviewed and approved by appropriate in-
stitutional review boards or similar authorities prior to imple-
mentation. Data used in this analysis were previously deiden-
tified and members of the study team had no access to any
identifiable participant information.

. |
Results

Participant Characteristics
Of the 6296 participants, 2886 (46%) were from Kenya, 1751
(28%) were from South Africa, 1325 (21%) were from India,

JAMA Published online March 1,2024

183 (2.9%) were from Uganda, 102 (1.6%) were from Botswana,
and 49 (0.8%) were from the US. The mean (SD) age at PrEP
initiation across all 11 studies was 25 (7) years, with 61%
of participants being younger than 25 years. The majority of
participants were married (52%) and nulliparous (54%), and
21% reported engaging in transactional sex (eTable 1 in
Supplement 1).

HIV Incidence

There were 32 incident HIV diagnoses among the 6296 par-
ticipants, which is an overall HIV incidence rate of 0.72 per 100
person-years (95% CI, 0.51-1.01). HIV incidence was higher in
younger (<25 years), married, and nulliparous participants
(Figure 1). HIV incidence in other subgroups is shown in
eTable 2 in Supplement 1.

Adherence Measures

Measures of adherence were available for 2955 participants
and are reported by visit. The number of participants with
objective adherence data declined from 147 at week 16 to 22
at week 96 (Figure 2A). Among those with objective adher-
ence data, the percentage with high or daily adherence varied
between 20% and 33%. Of the 2887 participants with subjec-
tive adherence data, a similar decline in the number of par-
ticipants with reported adherence data was observed, with
the percentage reporting high or daily adherence varying
between 67% and 82% until week 80, then dropping to 13%
at week 96 (Figure 2B). Subjectively reported adherence was
substantially higher compared with objective measures at all
points throughout participation, with the exception of the
final visit.

Group-Based Adherence Trajectories
The various adherence measures used in modeling the
adherence trajectory groups are summarized in eTable 3 in

jama.com
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Figure 2. Adherence by Visit to Emtricitabine and Tenofovir Disoproxil Fumarate for Preexposure Prophylaxis in Cisgender Women (n = 2955)

@ Objective assessment
100+

80+

60- ./‘\/\'__—‘

40

207 w
o ?.4.\’\9—0

16 32 48 64 80 96
Follow-up, wk

Participants, %

No. of participants 147 116 72 28 14 22

Subjective assessment

100+ Tablets/wk
o <2
2-3
80+ ® 46
xR e 7
£ 60
c
=
o
B 404
&
20
ol "———»—%
16 32 48 64 80 96
Follow-up, wk
No. of participants 2775 2187 1945 1645 1199 318

Totals do not sum to 2955 because adherence data were collected at different
time points in different studies. Across all time points a total of 288 participants
had objective adherence data available and 2717 had only subjective adherence
data available. In cases in which multiple measures were available within a
single 16-week period, the highest level of adherence was used. A, Objective

assessments of adherence included tenofovir concentration measurements in
dried blood spots or plasma. B, Subjective assessment of adherence included
electronic pill cap monitoring, pill counts, self-report, or a study-reported
adherence scale.

Figure 3. Longitudinal Patterns of Adherence to Emtricitabine and Tenofovir Disoproxil Fumarate for Preexposure Prophylaxis

in Cisgender Women (n = 2954)

@ High but declining adherence

27

+
[
|

Tablets per wk

N
w
|

<24

0 16 32 48 64 80 96
Follow-up, wk

All adherence groups

279
Consistently daily
4-6 —=
= Consistently high
o}
o
a
T
=) High but declining
2 2-34
Consistently low
<2

0 16 32 48 64 80 96
Follow-up, wk

A. Individual lines for each participant in the high but declining group are shown in gray, with the linear regression trendline for the group shown as a red line.
B. Trendlines for all 4 groups, showing the 3 levels of stable adherence and contrast with the high but declining group.

Supplement 1. The optimal (most stable) model from group-
based trajectory modeling resulted in 4 groups with distinct pat-
terns of adherence. Three groups had stable adherence over
time, regardless of the model (3 or 4 groups) used: consistently
daily (7 doses/week), consistently high (4-6 doses/week), and
consistently low (less than 2 doses/week). The fourth group had
dynamic adherence over time: initially high then declining (from
a mean of 4-6 to 2-3 doses/week; Figure 3). Linear regression
was applied to the adherence scores (including subjective and
objective measurements) for the 1166 individuals who were clus-
tered into the high then declining group. The linear regression
trend is shown in Figure 3A. The regression trend reveals a lin-
ear decline, with “high” representing the Y-intercept of the re-
gression line, signifying a group-based starting point with amean

jama.com

of 4 to 6 doses per week. The negative slope of the regression
line indicates the downward trend after this initial starting point.
Therefore, the mean of 4 to 6 doses per week is not based on
individual data or a specific period, rather it reflects a group-
level overall starting point. Not all individuals initiated from the
intercept and the declines did not occur within a specific or con-
sistent timeframe.

Baseline participant characteristics associated with ad-
herence trajectory categories are summarized in eTable 4 in
Supplement 1. Participants younger than 25 years had lower
odds of having consistently daily (OR, 0.42 [95% CI, 0.25-
0.71], consistently high (OR, 0.82[95% CI, 0.53-1.27]), or high
but declining (OR, 0.51 [95% CI, 0.37-0.69]) (vs consistently
low) adherence trajectory compared with women 25 years or
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Figure 4. HIV Incidence Rates Among Cisgender Women by Adherence
Trajectory (n = 2954)

HIV incidence rate
per 100 person-
years (95% Cl)

0 [Reference] °
0.13(0.02-0.92) [@—

Adherence
Consistently daily

Consistently high

High but declining 0.49 (0.22-1.08) —o—
Consistently low 1.27 (0.53-3.04) P
0 1 2 3 4

HIV incidence rate per
100 person-years (95% Cl)

Adherence was categorized as consistently daily (7 doses/week), high

(4-6 doses/week), moderate (2-3 doses/week), and low (less than 2
doses/week), as described in the Methods. The optimal (most stable) model
from group-based trajectory modeling resulted in 4 groups with distinct
patterns of adherence. Three groups had stable adherence over time,
regardless of the model (3 or 4 groups) used: consistently daily (7 doses/week),
consistently high (4-6 doses/week), and consistently low (less than 2
doses/week). The fourth group had dynamic adherence over time: initially high
then declining (from 4-6 to 2-3 doses/week).

older. Nulliparous participants had lower odds of having high
but declining (OR, 0.57 [95% CI, 0.34-0.97]) (vs consistently
low), consistently daily (OR 0.55[95% CI, 0.24-1.26]), or con-
sistently high (OR, 0.79 [95% CI, 0.44-1.40]) adherence com-
pared with participants with at least 2 children, but the latter
estimates were not statistically significant.

HIV Incidence Rates Among Women by Group-Based
Adherence Trajectory

Atotal of 12 incident HIV infections were observed among the
2955 participants with adherence data, compared with 20 di-
agnoses among 3341 participants without adherence data. None
of the 498 participants with consistently daily adherence by
group-based trajectory acquired HIV (Figure 4); because there
were no cases of infection, an IRR could not be calculated for
this group. Only 1 of the 658 participants with consistently high
adherence (4-6 doses/week) acquired HIV, resulting in an HIV
incidence rate estimate of 0.13 per 100 person-years (95% CI,
0.02-0.92) for this group. The incidence rate was 0.49 per 100
person-years (95% CI, 0.22-1.08) in the high but declining ad-
herence group (n = 1166) and 1.27 per 100 person-years (95%
CI, 0.53-3.04) in the consistently low adherence group (n = 632).
Individuals with consistently high adherence (IRR, 0.10 [95%
CI, 0.01-0.88]) and individuals with high but declining adher-
ence (IRR, 0.38 [95% CI, 0.12-1.26]) had lower HIV incidence
compared with individuals with consistently low adherence.

.|
Discussion

This pooled analysis of more than 6000 cisgender women using
F/TDF for PrEP showed higher HIV incidence among younger,
married, and nulliparous women, which is consistent with pre-
vious reports.>** Among the nearly 3000 individuals with ad-
herence data, the effectiveness of F/TDF in preventing HIV in-
fection was very high in women who demonstrated consistently
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high (4-6 doses/week) or consistently daily (7 doses/week) ad-
herence. This interpretation is comparable to the established
relationship between effectiveness and adherence observed in
cisgender MSM. Even with the relatively low number of inci-
dent HIV diagnoses, a clear relationship was observed be-
tween evidence (both objective and subjective) of higher ad-
herence with lower risk of HIV infection.

Current guidance for PrEP use among cisgender women
highlights the more rigid recommendations relative to those
for MSM. In its 2021 PrEP Clinical Guideline Update,® the
US Centers for Disease Control and Prevention advised
clinicians to counsel patients on the importance of daily dos-
ing, noting that there is less “forgiveness” for missed PrEP
doses for cisgender women than for MSM. These recommen-
dations are largely based on pharmacokinetic modeling that
suggests that cervicovaginal tissue concentrations of tenofo-
vir diphosphate are lower than those observed in rectal tis-
sue with similar dosing, although a correlation between tis-
sue tenofovir diphosphate concentration and PrEP efficacy
has not been definitively demonstrated.”° However, even
with low overall adherence to oral F/TDF in some random-
ized clinical trials among cisgender women, a direct relation-
ship between objective measures of adherence and efficacy
was observed.?!-3¢

A 2023 analysis evaluating the F/TDF adherence-efficacy
relationship in the HPTN 083 and 084 trials demonstrated that,
although there are differences in the pharmacologic forgive-
ness profile between cisgender men and women, the protec-
tive efficacy of F/TDF against HIV remained high (>80%) in
cisgender women, despite less than daily dosing.'° Indeed, par-
ticipants with tenofovir diphosphate concentrations indica-
tive of taking 4 to 6 doses per week had a nearly 90% HIV risk
reduction in the HPTN 084 trial, consistent with the results
observed in the present study. Modeling studies leveraging
F/TDF clinical trial data in cisgender women have demon-
strated similar findings, underscoring how differences in ef-
ficacy between cisgender men and women that were previ-
ously observed were likely driven by adherence rather than
biological differences.3”:38

Women may be motivated to use oral F/TDF for reasons
thatrelate directly to the timing of HIV risk or to perceived ben-
efit. For example, high uptake of F/TDF use was recently re-
ported among HIV-exposed women with plans for pregnancy
inrural Uganda.>? Sexual behaviors that expose women to HIV
acquisition also change over time, as demonstrated in the HPTN
064 study, in which social factors were found to influence sus-
tained high-risk behavior, and should be integrated into de-
cisions about approach to PrEP use.?® These findings high-
light how the broader context surrounding individuals’ HIV
prevention needs should be integrated into decisions about
PrEP use and that cisgender women need not be restricted to
arigid daily regimen, similar to the adherence forgiveness that
has been reported in cisgender MSM.

Limitations

This analysis has several limitations. First, data were pooled
from heterogeneous postapproval studies that differed in im-
portant ways, including (1) approaches to collecting the
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objective and subjective measures of adherence, (2) varied ge-
ographies with different HIV incidence, (3) distinct inclusion
and exclusion criteria reflecting diverse behaviors associated
with HIV acquisition among the participants, (4) approaches
to mode of PrEP delivery (eg, home PrEP delivery, use of mo-
bile clinic), and (5) differences in sociodemographics related
to country setting. Second, adherence data, especially from ob-
jective measures, were only available for a subset of partici-
pants, limiting generalizability. The use of plasma tenofovir
concentrations to categorize participants into adherence
categories may be susceptible to misclassification because
plasma tenofovir has a short window of detection. However,
no changes were observed in sensitivity analyses excluding the
46 participants for whom plasma tenofovir measures were used
in group-based trajectory modeling (data not shown). Impor-
tantly, objective adherence data were available only for a mi-
nority of participants and were largely representative of the
total population. As previously reported, it was also observed
that participants’ self-reported adherence was substantially

Original Investigation Research

overestimated compared with objective measures.*>4° This
reinforces the notion that considerable caution should be ap-
plied when interpreting self-reported adherence to PrEP. Third,
the accuracy of the group-based trajectory methodology used
could be improved with a greater sample size and longer du-
ration of follow-up.

. |
Conclusion

This analysis of the effectiveness of F/TDF for PrEP in cisgen-
der women in real-world settings supports that HIV preven-
tion effectiveness is high with adherence to greater than 4 doses
per week, which is comparable to the adherence-efficacy re-
lationship for PrEP use in cisgender MSM. This finding may
inform provision of F/TDF for PrEP to, and counseling for,
cisgender women, emphasizing that although daily adher-
ence is optimal, a minimum of 4 doses per week of F/TDF is
expected to provide effective protection for most females.
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