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Response to Reviewers:

may bring changes in sexual behaviors. The double-blind phase (DBP) and open-label
extension (OLE) study of the ANRS-IPERGAY trial allowed us to assess changes in
sexual behavior of men who have sex with men (MSM) taking sexual activity-based
(i.e., on-demand) PrEP. Generalized Estimating Equation (GEE) models found a
significant decrease in the number of sexual partners (Coefficient [CI95%], p-value; -
0.37[-0.70 — -0.04], p=0.03) between the DBP and OLE as well as in the number of
sexual relations (-0.25 [-0.49 — 0.00], 0.04). GEE estimates also showed that
respondents’ most recent sexual relation was less likely to have been with an unknown
casual partner during the OLE than during the DBP (Odds Ratio [C195%], p-value:
0.75[0.62-0.92], 0.005). Furthermore, they showed an increase in the proportion of
condomless anal sex in the OLE (1.32[1.04-1.67], 0.02), a decrease in the proportion
of ‘suboptimal PrEP adherence’ over time (0.75[0.58-0.97], p=0.03), a decrease in
PrEP only use (0.73[0.55-0.96], 0.03) and in both PrEP and condom use over time
(0.70[0.51-0.95], 0.02) and finally, a decrease in alcohol consumption between the
DBP and OLE (0.74[0.61-0.90], 0.002).

We observed both protective and risky behaviors in terms of HIV and STI risk after on-
demand PrEP uptake in the OLE phase. Our findings are consistent with results from
previous PrEP trials.

Dear Editor,

We would like to resubmit our manuscript entitled “Changes in sexual behaviors in men
who have sex with men: a comparison between the double-blind and open-label
extension phases of the ANRS-IPERGAY trial” for publication in AIDS and Behavior.
We have taken into account all the comments made by the reviewers. A separate
document explains the changes made to the manuscript in greater detail.

Neither this manuscript nor the data therein have been previously published, nor are
they under consideration for publication elsewhere. All authors have read and
approved the content of the submitted manuscript and have no conflict of interest to
declare.

We hope that this manuscript will be suitable for publication in AIDS and Behavior and
we look forward to receiving recommendations and suggestions from your Editorial
Board.

Yours faithfully,

Marion Di Ciaccio

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation
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BLIND Response to Reviewer Comments--SHOULD NOT
CONTAIN AUTHOR INFORMATION

Dear Dr. Di Ciaccio,

The review of your revised manuscript (AIBE-D-19-00398R1) resubmitted for publication in AIDS and
Behavior. | sent your paper back to the original reviewers. The response to your revision was mostly
favorable. The reviewers had additional suggestions. From my own reading of your revision, | agree
with the reviewers and | believe that your paper is much closer to publishable form. | also believe that
your paper will benefit from additional careful edit.

| can therefore offer provisional acceptance of your paper based on its current form. However, your
paper will not be publishable unless it addresses the most recent comments and is formatted correctly
for the journal. Authors once more and be sure that your text, references, and tables/figures are
properly formatted. Please provide a point-by-point response to remaining comments and submit your
next version as a clean copy, without any tracked changes.

AIDS and Behavior now offers the opportunity to publish abstracts for articles in English and Spanish.
Although not required, | am hoping that you will take advantage of this chance to broaden access of
your work. If you would like to include your Abstract in Spanish, please be sure that your Abstract is in
the proper format and finalized. Be sure to remove all subheadings from the Abstract so that it reads
as a continuous narrative of no more than 150 words in English. Then translate your final Abstract into
Spanish. Upload the English version in the Editorial Manager System step for Abstracts and include
both the English and Spanish versions in your Manuscript file that you upload into the system. The two
abstracts should be placed together, first the English followed by the Spanish on a separate pages.
Label the Spanish version "Resumen".

Please carefully proof read your paper before resubmitting. You might also take this one more
opportunity to be sure that the data are all reported correctly in your paper.

Please resubmit your revision within 2 months of receipt of this correspondence.

Reviewer #1: Overall, the revised manuscript is significantly improved, and the writing is easier to
follow. The topic remains important, and the findings have potential impact on PrEP implementation
strategies. However, there are a number of issues that still need to be addressed.

1. The introduction could be further strengthened by a more detailed description of the social
context specially applied to PrEP use such as risk compensation. The addition of references is
great, but it still needs to be more explicitly stated what you mean by social context, For
example, risk compensation has been a major issue identified by critics of PrEP, and your
manuscript really addresses this and provides important information that PrEP does not
increase risk. This is worthwhile of a discussion that is currently absent in the introduction.

We added information about risk compensation in terms of PrEP use in the introduction section (p3

| 34-51) to better explain what we mean by social context.

2. In the methods, can you briefly describe the OLE phase? Was it the same procedures as DBP
or were there more provisions for a "real-world context?" Why were new participants added? Also,
you should state that you only included participants that were in both studies- it is confusing that the
analysis numbers don't match the numbers described in the methods.

We added more information concerning the OLE phase in the method section (p 8 1166-172). The
only difference between the DBP and the OLE was the suppression of the placebo arm following the
proof of on-demand PrEP effectiveness. New inclusions were permitted for the OLE phase in order
to increase the reliability of the study. It is worth pointing out that PrEP was not yet authorized for
MSM in France at the time of this study, so extending the study’s reach to include new participants



also brought PrEP to a larger number of people. We also specified in the statistical analysis section
(p12 1266-268) that analyses were conducted only on participants enrolled in both phases.

3. Were questions about drug and alcohol use specifically related to sexual activity (e.g. used
during sexual intercourse)? This is not stated in the description of the outcomes in the methods,
although in the discussion it states (line 356): "decrease in alcohol consumption during sexual
intercourse." Please clarify in the methods.

Yes, drug and alcohol use were specifically related to sexual activity. We now specify this in the
outcome section (p10 1209 and 212).

4, What is the justification for the comparison between DBP & OLE and DBP only? Is there
something particularly compelling about the 67 participants that did not continue on to DBP that is
relevant to the present study? | would consider removing it, since the primary outcomes focus only
on those that were in both studies, and the DBP only data in Tables | add confusion. If it is important
to note differences between these groups 1) state why this is important in the methods, and 2) maybe
just mention it in the text rather than include in the table.

We compared the 67 participants who left the trial before the OLE with the 332 participants who
completed both phases in order to verify that the former did not have a greater number of HIV risky
sexual behaviors than the latter, as such a situation could have biased our results.

To take into account your comment, we removed data about these 67 participants from Table 1 and
added the statistical analysis used for the comparison in the methods section, as well as a sentence
indicating why this was important to compare these samples (p12 1269-272).

5. Itis a bit misleading to say "We observed no obvious increase of HIV risky behaviors after onset
of on-demand PrEP initiation," (lines 366-369), and this is inconsistent with the findings in the results
and the previous paragraph (lines 357-360) that state that you did find increases in risky behavior. This
paragraph needs to be revised to be consistent and accurate with the study findings. The data the
authors highlight in the discussion seem a bit cherry-picked. That is, there seems to be a focus on
decreases in risky behavior (alcohol consumption, casual partners) and less focus on behaviors that did
not change or increased (CAS, drug use, multiple partners). The discrepancies between the non-
longitudinal results (Table Il) and the longitudinal results are still not fully explained, and the statement
in line 424 "...globally our results confirmed the absence of additional risk taking" implies the non-
longitudinal comparisions (Table 1) that did find differences in risky behavior between DBP and OLE.
This discrepancy needs to be addressed, and perhaps the discussion needs to include a fuller
interpretation of the results.

We deleted the sentence "We observed no obvious increase of HIV risky behaviors after onset of on-
demand PrEP initiation" and now provide a more in-depth discussion of our results. More
specifically, we now discuss the evolution of PrEP adherence from GEE results in light of PrEP
persistence issues. We also discuss the difference in results between non-longitudinal and GEE
models, given that the latter took into account time trends during both phases, while the former
only focused on changes between both phases (p17 1387-399 and p 18 1400-408).

We added a paragraph about the sexual factors which did not change with the use of PrEP
(specifically, drug use in the sexual context and sexual intercourse with multiple or known casual
partners) (p18 1409-411).

Furthermore, we deleted "...globally our results confirmed the absence of additional risk taking" and
now present protective and risky sexual behaviors regarding HIV and STI after PrEP initiation in the
study (p19 1432-443).

6. There is a fairly substantial section of the discussion focused on STls, but this is not a result
that is provided and seems out of context and is really just reporting results from a previous paper. It
would be a stronger discussion to focus on the findings from the present study.



We shortened the section focused on STls (p18-19 1417-431) in order to develop discussion about
other results, especially regarding risk compensation (p20 1461-467).

7. There remains a lack of discussion on how these data might inform future roll-outs of PrEP
cohort studies, and the implications of the findings in successful implementation strategies for PrEP.
Based on our results, we now develop recommendations which should be taken into account for
future PrEP cohort studies, mainly concerning STI prevention and PrEP persistence (p21 1479-495).

Minor edits
1. Overall, the writing is much more clear, but it could still benefit from careful proofreading.
2. Write out OLS and OLE the first time they are used in the manuscript (line 62). Also, it is not

clear what the difference between OLE and OLS studies are in the introduction.

We have written out what OLS and OLE mean in the manuscript (p4 179 and p 5 180) and we now
explain the difference between both (p5 180-82). The main difference is that OLE refers to an open-
label phase in a clinical trial which follows a double-blind phase, while OLS is an open-label study
(cohort) in a context outside a clinical trial.

3. The statements starting after the colon in line 279 all end in periods even though they are part
of the same sentence. This makes it look like sentences that have been cut off. Please revise the
format.

We changed the periods for semi-colons.

4. Define "IST risk" line 359
We modified the term for “STl incidence”
5. The term sexual intercourses is not typically plural, and the use of sexual intercourses is

awkward in multiple places.
We have decided to use the terms “sexual relation” and “sexual relations” almost exclusively
throughout the manuscript.
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1 Abstract
2  Pre-Exposure Prophylaxis (PrEP) is changing the landscape of
HIV prevention, and may bring changes in sexual behaviors. The

4 double-blind phase (DBP) and open-label extension (OLE)

O©CoO~NOOTA~AWNE
w

10 5 study of the ANRS-IPERGAY trial allowed us to assess changes
6  insexual behavior of men who have sex with men (MSM) taking
15 7  sexual activity-based (i.e., on-demand) PrEP. Generalized
Estimating Equation (GEE) models found a significant decrease
20 9 in the number of sexual partners (Coefficient [CI95%], p-value;
22 10  -0.37[-0.70 —-0.04], p=0.03) between the DBP and OLE as well
25 11  asin the number of sexual relations (-0.25 [-0.49 — 0.00], 0.04).
27 12 GEE estimates also showed that respondents’ most recent sexual
30 13  relation was less likely to have been with an unknown casual
32 14 partner during the OLE than during the DBP (Odds Ratio
34 15  [CI95%], p-value: 0.75[0.62-0.92], 0.005). Furthermore, they
37 16  showed an increase in the proportion of condomless anal sex in
39 17  the OLE (1.32[1.04-1.67], 0.02), a decrease in the proportion of
42 18  ‘suboptimal PrEP adherence’ over time (0.75[0.58-0.97],
44 19  p=0.03), adecrease in PrEP only use (0.73[0.55-0.96], 0.03) and
47 20  in both PrEP and condom use over time (0.70[0.51-0.95], 0.02)
49 21  and finally, a decrease in alcohol consumption between the DBP
o1 22 and OLE (0.74[0.61-0.90], 0.002).

54 23 We observed both protective and risky behaviors in terms of
o6 24  HIV and STI risk after on-demand PrEP uptake in the OLE

59 25  phase. Our findings are consistent with results from previous
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Introduction

In recent years, Pre-Exposure Prophylaxis (PrEP) has emerged
as one of the most important innovations in HIV prevention for
high-risk HIV-negative people, especially men who have sex
with men (MSM) (1-3). HIV prevention innovation is regularly
associated with the question of “risk compensation” (RC),
whereby individuals may take more risks based on the belief that
they are protected from infection (e.g., because of condom use,
voluntary male circumcision, etc.) (4-6). In the context of PrEP,
this translates into a possible increase in condomless sex or in
the number of partners, which in turn could negatively impact
sexually transmitted infections (STI) incidence. Social norms,
moral judgment and the sexuality of people at high risk of HIV
infection are all factors in RC and in reticence to provide PrEP
access (7,8). Indeed, the editorial, “PrEP why we are waiting”,
published in The Lancet HIV, illustrates the moral debate
surrounding PrEP use and the interaction of social norms with
decision-making regarding health (22). More specifically, the
authors explained that the first studies on PrEP were focused on
its effectiveness and cost, not on normative aspects such as MSM
responsibility to use condoms or the important effect of no
longer being afraid of HIV infection during sex (22). The very
different stances taken by MSM and medical communities
regarding PrEP initiation underline that it is not simply a

biomedical preventive tool but can also be considered a social
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object (9-11) whose adoption is influenced by social and
environmental factors (12,13). The psychosocial approach to
health hypothesizes that health behaviors (e.g., preventive and
sexual behaviors) are influenced by context at the micro/meso
(e.g., attitudes and social norms related to sexuality and
prevention strategies in social groups which people belong to)
and macro (e.g., a culture’s attitudes and ideologies toward
health and sexuality; the availability of and access to prevention
tools) levels (14).

In this context, we hypothesized that making PrEP available
leads to a change in the field of HIV prevention, which in turn
may bring about a change in sexual and preventive behaviors.
Accordingly, it is important to study whether sexual behaviors
are modified by PrEP initiation and whether they change over
time.

In the double-blind phase (DBP) of the US CDC Safety Study (a
randomized clinical PrEP trial with quarterly follow-up over 2
years), participants reported fewer partners and less condomless
anal sex (CAS) (15). The DBP of the ANRS-IPERGAY trial
showed no increase in risky sexual practices (16). During the
DBP of the iPrEx trial (quarterly follow-up over 3 years), no
increase in receptive CAS or syphilis incidence was observed
(17,18). The absence of reported changes in double-blind studies
may be due to participants not modifying their behavior because

they know they may be taking a placebo (18). As open-label
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extension (OLE) and open-label (OLS) studies (the former
following DBP in clinical trials, while the latter are performed
in non-clinical contexts) both reflect near real-world situations,
they constitute excellent research opportunities to determine
whether changes in sexual behaviors occur over time in
participants who initiate PrEP. Results from the OLE study of
the iPrEx trial (quarterly follow-up over 3 years) showed no
increase in receptive CAS or syphilis incidence (17,18), while
mixed results were found in the OLS PROUD trial, which
compared participants randomized into an ‘immediate PrEP’
arm with those randomized into a ‘one-year deferred PrEP’ arm.
More specifically, a larger proportion of respondents in the
former reported CAS, yet no difference was observed between
both arms concerning the number of sexual partners (2).
Furthermore, objective indicators of CAS, including the
incidence of rectal gonorrhea and chlamydia infections, were not
different between both arms. Despite the longitudinal dimension
of the PROUD trial, the changes in sexual behaviors were only
analyzed for one time-point (12 months). The OLS US PrEP
Demonstration Project showed a decrease in the mean number
of anal intercourse partners and no change in the proportion of
CAS during follow-up (quarterly follow-up over one year) (19).
STl incidence also remained stable (19). To summarize, results
from OLE and OLS studies to date have not shown any clear

changes in MSM risky sexual behaviors after PrEP initiation.
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With regards to real-world settings, results are mixed. A clinical
PrEP program in Rhode Island showed an increase in the number
of CAS partners 6 months after PrEP initiation compared with
baseline data (20) while findings from a different clinical setting
indicated no increase in either STI incidence or the number of
sexual partners after PrEP initiation (bi-annual follow-up over
one year) (21).

Apart from the iPrEx trial, no study to date has collected
longitudinal data about changes in sexual behaviors before and
after PrEP initiation. Moreover, no OLE or OLS study has
evaluated changes in sexual behaviors in MSM who take sexual
activity-based PrEP (i.e., on-demand PrEP). The efficacy of
sexual activity-based PrEP in MSM was shown in the ANRS-
IPERGAY trial which involved a longitudinal follow-up of
participants in both the DBP and OLE phases (3,22). Unlike
daily PrEP, sexual activity-based PrEP requires individuals to
assess risks before sexual relations. This may prompt MSM to
reappraise their preconceptions of the risks involved over time
(i.e., a change in risk perception), leading in turn to changes in
their sexual behaviors.

The present paper aimed to assess changes in sexual behaviors
of MSM between the DBP and OLE phases of the ANRS-
IPERGAY trial. Although previous studies of sexual behaviors
in PrEP trials primarily used only two indicators (the proportion

of CAS and the number of partners), in order to guarantee a more
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holistic approach, we chose to study changes for a much wider
set of behavioral factors, described in detail in the methods

section below.
Methods

ANRS-IPERGAY trial design

The ANRS-IPERGAY trial, conducted in France (Paris, Nantes,
Lyon, Lille and Nice) and Canada (Montreal), consisted in
providing sexual activity-based PrEP to high-risk MSM (3).
Inclusion criteria were HIV-negative status, being at least 18
years old, being a male or transgender female who had sex with
men, and being at high risk of HIV infection (defined as a history
of CAS with at least two partners during the previous 6 months)
(3). At baseline, participants completed a questionnaire covering
socio-demographic characteristics and sexual behaviors. The
trial was conducted in partnership with the community-based
association AIDES, which identified and enrolled participants,
thanks to its members’ proximity to the MSM community. At
follow-up visits (two-monthly), participants benefited from one-
to-one, tailored, risk-reduction counselling provided by a peer
counsellor. As part of the trial, they were provided condoms and
lubricants, and were regularly tested for HIV and other sexually
transmitted infections free of charge (STI) (3). During
counselling visits, peer counsellors encouraged PrEP uptake as
part of combined prevention (e.g., PrEP in conjunction with

condom use). The PrEP treatment schedule was as follows: two
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pills (TDF-FTC or placebo) 2 to 24 hours before sexual relations,
followed by a third and fourth pill 24 and 48 hours after the first
dose, respectively. For participants who had very frequent sexual
relations, the schedule was one pill per day for each day when
sexual relations occurred, then one pill 24 and 48 hours after
their most recent sexual relation (3,22). The randomized DBP
started in February 2012, and thanks to the reduction observed
in HIV incidence between the two arms, the placebo arm was
discontinued in November 2014 (3,22). The trial then continued
as an OLE study until June 2016. MSM who had not participated
in but were eligible for the DBP could be included in the OLE
sample, depending on eligibility. The OLE phase included 29
new participants. The only difference between the DBP and the
OLE was the suppression of the placebo arm following the proof
of on-demand PreEP effectiveness. New inclusions were
permitted for the OLE phase in order to provide PrEP access to
a larger sample of MSM in France (a sub-population for which
PrEP was not yet authorized in France at the time of this study).
During the DBP and OLE phases, online questionnaires were
completed every 2 months covering socio-demographic
characteristics, alcohol and recreational drug use, sexual
behaviors, and PrEP adherence during participants’ most recent
sexual relation. Questionnaires were sent through an online link
10 days before the scheduled follow-up visit. Participants had

one month to complete them before the online link expired.
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When a delay in filling in a questionnaire was detected, two
reminders were sent by email, the first 5 days before the
scheduled follow-up visit and the second before the online link
expired. Participants could fill in the questionnaires together
with the peer counsellor during the follow-up visit if they
wished. PrEP delivery was guaranteed irrespective of whether
the questionnaire was filled in or not.

The protocol (amended for the OLE study) was approved by
public health authorities and ethics committees in France
(Comité de Protection des Personnes, Paris, lle de France V)
and Canada (Comité d’éthique de la recherche, Montreal, QC).
All participants provided written informed consent to participate
in the DBP. All 361 participants of the OLE study provided oral
informed consent, with 353 (98%) of them also providing
written consent.

Outcomes

At each bi-monthly visit (from MO to M24 in the DBP, and from
MO to M18 in the OLE), sexual behavior and prevention
strategies were assessed at each follow-up visit using the
following eight outcomes, two of which were continuous (i and
il) and six of which concerned the most recent sexual relation (iii
to viii): (i) number of sexual relations during the previous 4
weeks; (ii) number of sexual partners during the previous 2
months; (iii) a 4-category outcome for the type of partner: main,

unknown casual, known casual or multiple; (iv) a dichotomous
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indicator for insertive/receptive CAS (yes= 1 and no = 0); (v) a
4-category outcome for combined prevention: PrEP only,
condom use only, PrEP and condom use, and no PrEP or condom
use; (vi) a 6-category outcome for the use of the following
recreational drugs (in the context of sexual relations): ecstasy,
cocaine, poppers, GHB/GBL, Ketamine, Viagra; (vii) a
dichotomous indicator for alcohol consumption (in the context
of sexual relations) (yes=1/no=0) ; and (viii) a 3-category
outcome for PrEP adherence: correct use, no PrEP use, and
suboptimal use. ‘Correct’ use was defined as taking at least one
pill within 24 hours before sexual relations and one pill within
24 hours after relations, ‘no PrEP use’ was defined as not taking
any pills within 48 hours either before or after the most recent
sexual relation, while ‘suboptimal use’ was defined as any other
use (3).

We hypothesized that investigating several behavioral factors
would provide a more holistic overview of the changes in sexual
behaviors and prevention strategies in the study population.
Although measures of plasma drug levels show whether
participants have been exposed to TDF-FTC, it is not clear if this
occurs before and after PrEP pill intake (22). Accordingly, we
were not able to use this variable to assess on-demand PreP
schedule adherence. The iPrEx study showed that self-reporting

PrEP use was a strong predictor of concentration in plasma (23).
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Therefore, we used self-reported adherence to measure on-
demand PrEP adherence during the most recent sexual relation.
We were able to observe how PrEP uptake influenced study
participants’ sexual behaviors by evaluating the following: CAS,
the number of partners, number of sexual relations, type of
sexual partner, and alcohol and recreational drug use before and
during sex.

Statistical analysis

Chi-square tests (dichotomous and categorical outcomes) and t-
tests (continuous outcomes) were performed to describe the
sociodemographic characteristics and sexual behaviors of
participants at inclusion in the DBP. The same tests were also
performed to compare outcomes between the DBP and OLE
phases.

We also implemented generalized estimating equation (GEE)
models to study changes over time over time in the study
population’s sexual behaviors after PrEP initiation. The main
advantage of GEE models is that they take account of intra-
individual correlation in longitudinal settings, which allows
robust estimations of outcomes and associated variances (24,25).
We used a negative binomial function for continuous outcomes,
a binary logistic function for dichotomous outcomes, and a
multinomial logistic function for outcomes with more than 2

categories.
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In line with our study’s objectives, the GEE models were
adjusted according to the three following explanatory variables:
1) a dichotomous variable to investigate whether the outcomes
changed significantly between DBP and OLE phases, ii) time as
a continuous variable, to measure the overall changes in
outcomes over time and iii) a variable measuring the interaction
between time and the DBP/OLE indicator, which enabled us to
investigate whether changes over time occurred more during the
DBP or more during the OLE. Three GEE models were tested
for each outcome by adding the explicative variables one by one.
We used the Independence model Criterion (QIC) for the
goodness-of-fit in order to choose the model with the best
specification.

In line with our study’s objectives, analyses were performed
only for the 332 participants who participated in both the DBP
and OLE.

To compare whether participants who left the trial after the DBP
phase (n=67) were not at greater risk than those participating in
both phases (n=332) a comparison was performed using chi-
square/T test.

All analyses were performed using SAS 9.4 statistical software.
Results

Sample characteristics

12
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The present analyses were performed on the 332 participants
enrolled in both the DBP and OLE phases (Table 1),
corresponding to 4978 analyzable questionnaires.

Mean age was 35.8 years (sd=14.0) (Table 1). Most participants
self-defined as gay (n=305, 91.9%), and only 10 as bisexual
(3.0%). A majority (73.9%) reported having an education level
equal to or higher than high-school diploma, while 84.6%
reported being in active employment.

With regard to sex life, at DBP baseline, 41.9% reported having
a main partner. Of these, 61.3% had an HIV-negative main
partner. The mean number of sexual relations (in the previous 4
weeks) and of sexual partners (in the previous 2 months) was,
13(sd=11.7) and 13.5(sd=16.1), respectively. At baseline, 60.7%
and 58.6% reported CAS and PrEP use, respectively. A majority
(78.8%) reported sexual relations with partners other than a main
partner. Use of recreational drugs and alcohol consumption
before/during sex were reported by 36.7% and 12.6% of the
participants, respectively. No significant difference was
estimated between the 332 respondents who participated in both
the DBP and OLE phases, and those who left the trial after the
DBP phase (n=67).

Comparative description of sexual behaviors and prevention

strategies between the DBP and OLE phases

No significant difference was reported between the DBP and

OLE in terms of the mean number of sexual relations during the
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previous 4 weeks (13.2(sd=15.9) vs 12.5(sd=14.7); p=0.11) or
the mean number of sexual partners during the previous 2
months (13(sd=16.1) vs 12.3(sd=19.3), p=0.20) (Table 2; Fig.1).
With respect to the most recent sexual relation, the following
results were found regarding changes in sexual behaviors
between the DBP and the OLE study:

1) a significant increase in the proportions of most recent sexual
relation with unknown casual partners (48.0% in the DBP vs.
52.0% in the OLE, p<0.005) and most recent sexual relation
with main partners (41.1% in the DBP vs. 58.9% in the OLE,
p<0.001) (Table 2; Fig.2);

ii) a significant increase in the proportion of CAS (Table 2;
Fig.3) (42.2% vs. 57.8%, p<0.001);

iii) an increase in the proportions of reported ‘correct’ PrEP
adherence (39.9% in DBP vs. 60.1% in OLE, p<0.005) and
‘suboptimal” PrEP adherence (48.1% vs 51.9%, p<0.001) (Table
2; Fig.4);

iv) a significant increase in the proportions of most recent sexual
relations with ‘PrEP only’ (39.6% vs. 60.4%, p<0.005) and with
‘both PrEP and condom use’ (48.3% vs. 51.7%, p<0.001) (Table
2, Fig.5);

V) no change for the use of recreational drugs (44.6% in DBP vs.
55.4% in OLE, p=0.3), but a significant decrease for alcohol
consumption (51.6% in DBP vs. 48.4% in OLE, p<0.001) (Table

2, Fig.6).
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It is important to underline that all the descriptive statistics listed
in (i) to (v) above are based on comparisons of averages between
DBP and OLE, and none suggested a trend.

Multivariate analysis of sexual behaviors and prevention

strategies

The GEE model estimates (Table 3a) showed a significant
decrease both in the number of sexual partners and in the number
of sexual relations between the DBP and OLE study phases. On
average, participants in the OLE had 0.37 fewer sexual partners
during the previous 2 months than those in the DBP (Coefficient
[C195%], p-value; -0.37[-0.70 — -0.04], p=0.03) and 0.25 fewer
sexual relations during the previous 4 weeks (-0.25 [-0.49 —
0.00], 0.04).

With regard to the type of partner, the GEE model estimates
(Table 3b) showed that the proportion of sexual relations with an
unknown casual partner was significantly lower (on average
25%) during OLE than DBP (Odds Ratio [C195%], p-value:
0.75[0.62-0.92], 0.005). As the GEE model accounted for time
trends, we were able to estimate that, all things being equal, the
proportion of sexual relations with unknown casual partners
decreased between the DBP and OLE.

With respect to prevention strategies, the GEE model estimates
(Table 3b) confirmed that the proportion of CAS during the most
recent sexual relation increased significantly (on average 32%

per year), but only during the OLE (1.32[1.04-1.67], 0.02, Table

15



O©CoO~NOOTA~AWNE

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

3b). The proportion of ‘suboptimal PrEP use’ (Table 3b) during
the most recent sexual relation, decreased over time during the
whole follow-up (i.e., the DBP and OLE combined as one long
period) (0.75[0.58-0.97], p=0.03, Table 3b). Figure 4 shows that
the proportion of suboptimal PrEP use decreased from 33.5% to
14.3% during the whole follow-up. Again, the fact that the GEE
model took into account time trends resulted in a significant
decrease of 25% per year being highlighted, something which
the Chi-square test was not able to observe.

With regard to combined prevention, the GEE model (Table 3b)
showed, all things being equal, a significant decrease in ‘PrEP
use only’ (on average 27% per year) (0.73[0.55-0.96], 0.03) and
in ‘PrEP and condom use’ (on average 30% per Yyear)
(0.70[0.51-0.95], 0.02). As for the use of recreational drugs
(Table 3b), no changes were observed in the GEE models
concerning, but estimates did show a significant decrease in
alcohol consumption between the DBP and OLE phases
(0.74[0.61-0.90], 0.002).

From these results we see that our decision to account for intra-
individual correlations of repeated measures over time with GEE
models offered a better overview of sexual behavior changes

than just describing the dataset.
Discussion

Our analysis provided estimates for the changes in sexual

behaviors after PrEP initiation in the ANRS-IPERGAY trial in
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high-risk HIV-negative MSM taking on-demand PrEP.

Results from GEE models showed in increase in several
protective behaviors regarding HIV risk between DBP and OLE,
including a significant decrease in the number of sexual relations
and sexual partners, a decrease in the proportion of sexual
relations with unknown causal partners, and a decrease in
alcohol consumption during sexual relations. However, results
also showed an increase in risky sexual behaviors, including a
significant increase in CAS in the OLE phase. The increase in
CAS is of major concern in terms of IST incidence.
Non-longitudinal results showed a high level of ‘correct’ and
‘suboptimal’ PrEP use during DBP and OLE, which is consistent
with findings from a previous study on the same cohort (22). An
increase in the proportions of sexual encounters where PrEpP-
only and combined PrEP-condom prevention was used was also
observed between the DBP and OLE. However, GEE results
provided a more precise measure of the evolution of PrEP use in
the trial. Indeed, the proportions of suboptimal PrEP, PrEP-only
and combined PrEP-condom prevention all decreased
significantly over time, not only after the placebo arm was
suppressed. These results were not seen by the non-longitudinal
analysis, which focused only on changes between the DBP and
OLE (i.e., it did not take trends over time into account). Results
from our GEE models might reflect the issue of lack of PrEP

persistence which has been highlighted elsewhere (26,27). A
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recent qualitative study showed that the barriers to PrEP
persistence are strongly linked to issues regarding insurance
costs and to scheduled medical appointments which are
mandatory in PrEP programs (28). In our study, PrEP was free
of charge for participants. Accordingly, the trial’s scheduled
two-monthly medical appointments may have led to a lack of
PrEP persistence (i.e., temporary treatment interruptions).

PrEP use did not seem to impact recreational drug use in the
sexual context or the proportion of sexual relations with multiple
partners or with known casual partners.

Our study took into account a larger set of sexual behavioral
factors than in the majority of previous studies. Accordingly, our
results may provide more detailed information on the impact of
PrEP use on sexual behaviors and prevention strategy dynamics
in MSM.

The increase in CAS during the OLE is a major concern for the
risk of STI infection. However, while previous results from the
ANRS-IPERGAY trial showed that the rate of STI was high
among participants, it did not differ between the DBP and OLE
study phases (22). Different studies have shown similar results
(i.e., increase in CAS without an increase in STI among MSM
PreP users) (2) (29) . This suggests that PrEP uptake is not the
only predictive factor of STI. While a study in Germany showed
that PrEP uptake did not lead to an increase in of STI (30), a

recent retrospective cohort study of PrEP users in Canada found
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the opposite at 12 months after PrEP initiation (31).

Therefore, the relationship between PrEP uptake, CAS and
increase in STI is not clear. In any case, STI do not undermine
PreP efficacy and if anything, PrEP monitoring is an opportunity
to increase testing and treatment for STI (22).

With regard to risk compensation (RC), our results highlighted
changes in behavior after PrEP initiation which reflected greater
protection but also greater risk. More specifically, the number
of sexual relations and number of sexual partners both
decreased, as did sexual relations with unknown casual partners
and alcohol consumption during sex. Risky behaviors included
an increase in CAS - despite the STI rate remaining stable
between the DBP and OLE (20) - and issues associated with
PrEP persistence over time. Therefore, our results were unable
to conclude whether a risk compensation mechanism was
present or not with on-demand PrEP in the ANRS-IPERGAY
trial.

However, a recent publication suggested that RC is not a valid
framework to study PrEP use (7). Some studies, including a
qualitative study previously conducted among participants
during the OLE phase of the ANRS-IPERGAY trial, have
highlighted that PrEP has the potential to reduce fear of HIV
infection and can lead to a more satisfying sex life (32,33,34). In
that ANRS-IPERGAY study, participants perceived condoms as

a barrier (materially and symbolically) to pleasure and desire,
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whereas PrEP was seen as a means to freely choose sexual
positions and to better enjoy intimacy (34). Participants also
reported improved sexual quality of life thanks to PrEP use (34).
These results reflect the World Health Organization’s policy that
everyone has the right to a good quality of sexual life (35).
Therefore, one of the most important benefits of PrEP use is an
improvement in sexual life, something which not considered in
the RC concept (7).

Moreover, the concept of RC was originally established for the
road injury prevention context, and subsequently applied to that
of sexual behaviors (36) without considering that psychosocial
factors may differ between contexts.

Therefore, sexual behavior changes linked to PrEP initiation
should not be studied only in light of RC but also in terms of
quality of sexual life and sexual health.

Our results showed that HIV risk taking in MSM depends on the
prevention tools available to them. The MSM recruited in
ANRS-IPERGAY were recruited on the basis of their high-risk
practices. After PrEP initiation, this risk was largely removed
with only one HIV infection occurring during the OLE (22). In
addition, a previous study on ‘“chemsexers” in the ANRS-
IPERGAY trial showed that they were more likely to report
high-risk sexual practices but also had a higher perception of risk
(37). Chemsexers were also more likely to use PrEP correctly

(37). These results would therefore suggest that PrEP may also
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be a suitable tool to reduce HIV transmission in high-risk
populations, such as chemsexers.

Our results provide recommendations which should be taken
into account for future PrEP cohort studies. The increase in CAS
in ANRS-IPERGAY and the resulting potential increase of STI
are serious public health concerns for MSM PrEP users. In order
to reduce them, it may be useful to increase the focus on STI
prevention during PrEP counseling and move to a global sexual
health support. Establishing protocols for partner notification
may also accelerate treatment for ST1 in MSM, in turn reducing
the potential STI rate in this population. Furthermore, PrEP
persistence is a major issue in PrEP success. PrEP adherence
slowly decreased over time in our trial. It would be useful in
future studies on other cohorts to provide qualitative data
concerning PrEP persistence and its associated factors in order
to adapt PrEP protocols. Access to PrEP needs to be investigated
in greater detail, especially regarding the issue of mandatory
medical appointments and more globally, the various steps
which to be followed in order to obtain it.

Our study has limitations. First, the data we analyzed were
collected in a clinical trial with a strict follow-up and with highly
motivated participants. Therefore, our results cannot be
generalized to all PrEP users. Second, we do not have specific
qualitative data for all the elements investigated in our study,

which could have helped us to understand the reasons for the
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different prevention choices, specifically for sexual relations
without PrEP or condoms (i.e., an individual choice, unavailable
PrEP at the time and location of sexual relations, etc.). Third, the
participant-peer counsellor relationship may have led to social
desirability bias. Fourth, we had no control group with the same
characteristics as our participants to compare changes in sexual
behaviors, and to confirm that the changes observed were indeed
related to participation in the PrEP trial and not due to trends in

sexual practices in the MSM community.
Conclusion

The move from the DBP to the OLE study in high-risk HIV-
negative MSM enrolled in the ANRS-IPERGAY trial was
associated with several protective changes in sexual behaviors.
Reductions in the numbers of sexual partners and number of
sexual relations were observed, as were reductions in sexual
relations with unknown casual partners and alcohol consumption
during sex. However, an increase in condomless sex was also
observed, which highlights the increased potential risk of STI
associated with PrEP use.

Further in-depth studies need to explore the characteristics
associated with condomless anal sex without PreP, the
introduction of PrEP in real-world contexts and the PrEP

persistence dynamic.
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Table 1 Main Characteristics at DBP baseline of those who participated in both the DBP and

OLE phases (ANRS IPERGAY, n=332)

Number of those who
participated in both phases

(N=332)
Age, mean (Standard Deviation, SD) 35.8 (14.0)
Sexual orientation, n (%)
Gay 305 (96.5) @
Bisexual 10 (3.2)
Trans / transsexual / transgender 1(0,3)
Education level, n (%)
< High-school diploma 86 (26.1) °
> High-school diploma 243 (73.9)
Active employment, n (%)
No 51 (15.4)¢
Yes 279 (84.6)
Main male partner, n (%)
No 191 (58.1)°
Yes 138 (41.9)
Main male partner HIV status, n (%)
HIV negative 84 (61.3)¢
HIV positive 43 (31.4)
Do not know 10 (7.3)
Number of sexual relations (previous 4 weeks), mean 13 (11.7)°
(SD)
Number of sexual partners (previous 2 months), mean 13.5 (16.1)
(SD)
Condomless anal sex during most recent sexual
relation, n (%)
No 128 (39.3)¢
Yes 198 (60.7)
PrEP adherence (M2) during most recent sexual
relation, n (%)
No PrEP 34 (22.2)f
Suboptimal 51 (33.3)
Correct 67 (44.5)
Type of partner during most recent sexual relation, n
(%)
Multiple partners 34 (10.3)°
Unknown casual partner 119 (36.0)
Known casual partner 107 (32.6)
Main partner 70 (21.2)

[+
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Number of those who
participated in both phases

(N=332)
Recreational drug use during most recent sexual
relation, n (%)
No 210 (63.3)
Yes 122 (36.7)
Alcohol consumption during most recent sexual
relation, n (%)
No 290 (87.4)
Yes 42 (12.6)

216 missing values
b3 missing values

¢ 2 missing values
4195 missing values
¢ 6 missing values

f 180 missing values




Table 2 Comparison of sexual behaviors and prevention strategy variables between the DBP
and OLE phases (n=332; 4978 questionnaires)

DBP OLE p-value?
(n=2239, 45.0%)  (n=2739, 55.0%)

Number of sexual relations (previous 4 13.2 (15.9)" 12,5 (14.7)°¢ 0.11
weeks), mean (Standard Deviation, SD)

Number of sexual partners (previous 2 13 (16.1)¢ 12.3(19.3)¢ 0.20
months), mean (SD)

Condomless anal sex at most recent sexual

relation, n (%)
Yes 1259 (42.2)° 1723 (57.8)¢ <0.001
No 894 (51.1) 856 (48.9) <0.001

PrEP adherence at most recent sexual
relation, n (%)

No PrEP 261 (42.2)" 358 (57.8)! 0.38
Suboptimal 309 (48.1) 333 (51.9) <0.001
Correct 460 (39.9) 692 (60.1) <0.005

PrEP-condom use at most recent sexual
relation, n (%)

No PrEP - No condom 139 (38.7)" 220 (61.3)' 0.05
PrEP only 446 (39.6) 679 (60.4) <0.005
Condom only 122 (46.9) 138 (53.1) 0.07
PrEP and condom 323 (48.3) 346 (51.7) <0.001

Type of partner at most recent sexual
relation, n (%)

Multiple partners 196 (46.6)] 225 (53.4)k 0.32
Unknown casual partner 803 (48.0) 869 (52.0) <0.005
Known casual partner 650 (46.1) 760 (53.9) 0.28
Main partner 534 (41.1) 766 (58.9) <0.001

Recreational drug use at most recent sexual

relation, n (%)
Yes 748 (44.6) 928 (55.4) 0.36
No 1491 (45.2) 1811 (54.9) 0.36

Alcohol consumption at most recent sexual
relation, n (%)

Yes 284 (51.6) 266 (48.4) <0.001
No 1955 (44.2) 2473 (55.8) <0.001

a Chi-Square Test/ T-Test i 1356 missing data

b75 missing data j 56 missing data

¢ 128 missing data k 119 missing data

d 16 missing data

e 19 missing data

f 86 missing data

g 160 missing data
h 1209 missing data




Table 3a Evolution of sexual behaviors between the DBP and OLE phases (GEE, continuous
variables)

Evolution in the number of Evolution of the number of sexual
sexual relation (previous 4 partners (previous 2 months)?
weeks)!

Coefficient [CI195%)], p-value* Coefficient [CI95%)], p-value*
Phase: DBP (ref) vs OLE -0.25 [-0.49 - 0.00], 0.04 -0.37 [-0.70 — - 0.04], 0.03
Evolution over time 0.09 [0.00 - 0.18], 0.05 -0.07 [-0.19 - 0.06], 0.30

Evolution over time X phase(OLE) — 0.16 [0.00 - 0.33], 0.05
QIC** -136995.0515 -133604.7802

* Results from the GEE model

** Quasi-likelihood under the Independence model Criterion

1 QIC model with study phases as explicative variables: -134142.4725; model with time, study phases and the
interaction of time with study phases as explicative variables: -136975.3351

2 QIC model with study phases as explicative variables: -133100.2591; model with time and study phases as
explicative variables: -133076.6388



Table 3b Evolution of sexual behaviors and prevention strategies between the DBP and OLE
phases (GEE, categorical variables)

Condomless sex PreP adherence (ref No PrEP)? Combined PrEP-condom use (ref. No PrEP or condom use)®

(ref No) ¢
Yes * Suboptimal* Correct* Condom only* PreP only* PrEP and condom*
OddsRatio OddsRatio OddsRatio OddsRatio OddsRatio OddsRatio [C195%],
[C195%], p-value [C195%], p-value [C195%)], p-value [C195%)], p-value [C195%], p-value p-value
Phase:
DBP (ref) vs 0.63[0.38-1.03], 1.41J0.76-2.62], 1.50[0.90-2.52], 1.30[0.63-2.70],  1.80[0.98-3.32], 1.39[0.70-2.77],
OLE 0.06 0.27 0.12 0.48 0.05 0.34
Evolution over
time 1.02[0.86-1.22], 0.75[0.58-0.97],  0.85[0.69-1.06], 0.74[0.52-1.05],  0.73[0.55-0.96], 0.70[0.51-0.95],
0.82 0.03 0.15 0.09 0.03 0.02
Evolution over
time X 1.32[1.04-1.67], - - - - -
Phase (OLE) 0.02
QIC** 6205.7717 5094.7733 5094.7733 5969.9733 5969.9733 5969.9733

*Results from the GEE model

** Quasi-likelihood under the Independence model Criterion
1 QIC model with study phases as explicative variables: 6211.369; model with time and study phases as explicative variables: 6209.0642

2 QIC model with study phases as explicative variables: 5096.5498; model with time, study phases and the interaction of time with study phases
as explicative variables: 5094.8083
% QIC model with study phases as explicative variables: 5971.0632; model with time, study phases and the interaction of time with study phases
as explicative variables: 5975.5118

(Continued)
Type of partner (ref Main partner)* Recreational drug Alcohol
use(ref No)? consumption(ref
No)?
Multiple Unknown Known casual Yes * Yes *
partners* casual partner* partner *
OddsRatio OddsRatio OddsRatio OddsRatio OddsRatio [C195%],
[C195%], p-value [CI95%], p-value  [CI95%], p-value [C195%], p-value p-value
Phase:
DBP (ref) vs 0.80[0.62-1.03], 0.75[0.62-0.92], 0.82[0.66-1.00],  1.27[0.90-1.79],  0.74[0.61-0.90],
OLE 0.08 0.005 0.05 0.17 0.002
Evolution over - - - 0.90[0.79-1.03], -
time 0.13
Evolution over - - -
time X - -
Phase(OLE)
QIC** 12451.6282 12451.6282 12451.6282 6378.1142 3461.5202

* Results from the GEE model

** Quasi-likelihood under the Independence model Criterion

1 QIC model with time and study phases as explicative variables: 12451.8187; model with time, study phases and the interaction of time with
study phases as explicative variables: 12457.9333

2 QIC model with study phases as explicative variables: 6378.565; model with time, study phases and the interaction of time with study phases
as explicative variables: 6380.2935

3 QIC model with time and study phases as explicative variables: 3463.473; model with time, study phases and the interaction of time with
study phases as explicative variables: 3465.5496






