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ABSTRACT

Objectives Adherence is key to the effectiveness of oral
pre-exposure prophylaxis (PrEP) to prevent HIV. Therefore,
we aimed to explore factors associated with adherence
to daily PrEP (dPrEP).

Methods Men who have sex with men (MSM) using
dPrEP (emtricitabine/tenofovir disoproxil) within the
Amsterdam PrEP demonstration project at the Public
Health Service of Amsterdam, provided dried blood spots
(DBS) 12 and 24 months after PrEP initiation. From
DBS, we determined intracellular tenofovir diphosphate
(TFV-DP) concentrations to assess adherence; TFV-

DP =700 fmol/punch was considered adequate. We
assessed associations of sociodemographic, clinical and
behavioural characteristics with TFV-DP concentrations
using multivariable linear regression.

Results Of 263 participants who attended 12-month
or 24-month study visits while on dPrEP, 257 (97.7%)
provided DBS at one or both visits (492 DBS in

total). Median TFV-DP concentration was 1299

(IQR 1021-1627) fmol/punch (12 months: 1332
(1087-1687); 24 months: 1248 (929-1590]). Higher
TFV-DP concentrations were associated with: older
age (p=0.0008), condomless anal sex with a casual
partner in 6 months preceding PrEP initiation (+166
fmol/punch; 95% Cl 36.5 to 296) and using a mobile
application providing visualised feedback on PrEp

use and sexual behaviour (+146 fmol/punch; 95%

Cl 28.1 to 263). Lower TFV-DP concentrations were
associated with longer duration of PrEP use (24 vs 12
months; —=91.5 fmol/punch; 95% Cl —155 to —28.1).
Time-updated number of sex partners, diagnosed

STIs and chemsex were not associated with TFV-DP
concentrations.

Conclusions Overall, TFV-DP concentrations were high
among MSM using dPrEP, indicating excellent adherence.
Especially older participants, those who reported
condomless anal sex with a casual partner prior to PrEP
initiation and those who used an app with visualised
feedback showed higher levels of adherence. As TFV-DP
concentrations had decreased slightly at 2 years of

PrEP use when compared with 1 year, we emphasise
the importance of adherence counselling to those who
continue using PrEP.

Trial registration number NL5413.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Dried blood spots can be used to assess
adherence objectively via intracellular drug
levels of tenofovir diphosphate (TFV-DP), which
have long half-lives.

WHAT THIS STUDY ADDS

= TFV-DP concentrations were especially high
among older participants, those reporting
condomless anal sex before initiating pre-
exposure prophylaxis (PrEP) and those using a
mobile application which provides visualised
feedback on sexual behaviour and PrEP use.

= Adherence slightly declined between 12 and 24
months.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= A mobile application could help improve
adherence.

= Adherence slightly declines over time, which
emphasises the importance of continued
attention to adherence over the course of

people’s PrEP careers.

INTRODUCTION

Pre-exposure prophylaxis (PrEP) and other HIV
prevention strategies are part of an effort to elimi-
nate new HIV infections, since a cure is not available
and HIV continues to affect the health of millions
of people globally. In the Netherlands, the number
of new HIV diagnoses has been decreasing in the
past decade. In 2010, almost a 1000 HIV infections
were newly diagnosed in the Netherlands; in 2020,
this was reduced to 411. Men who have sex with
men (MSM) remain disproportionally affected,
accounting for 63% of newly diagnosed infections
in 2020."'

Adequate adherence to PrEP is key to its effec-
tiveness in preventing HIV.> Therefore, WHO
advises brief adherence counselling at each PrEP
visit.> Insight into determinants of PrEP adher-
ence may help clinicians to focus their counselling
efforts on those who are more likely to be less
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adherent, thus improving adherence outcomes and reducing
HIV transmission.

Adherence can be measured in various ways. Self-reported
adherence may be unreliable due to recall and social-desirability
bias. Plasma drug levels have the disadvantage of a short half-
life, so a single measure cannot be used to assess adherence over
longer time periods, which is crucial for PrEP effectiveness.
Another way is measuring the intracellular tenofovir diphos-
phate (TFV-DP) concentrations in red blood cells. Using this
intracellular metabolite to measure averaged PrEP adherence has
the benefit of a ~25-fold longer half-life compared with plasma
drug levels. Thus, gradients of adherence can be ascertained over
the preceding 4-6 weeks instead of yes-or-no dosing over the last
few days, analogous to haemoglobin A1C for glucose.*’

The Amsterdam PrEP demonstration project (AMPrEP) aimed
to assess the acceptability and feasibility of PrEP for MSM and
transgender people in Amsterdam, the Netherlands. At that
time, PrEP was not yet available through regular healthcare.
In AMPrEP, we collected dried blood spots (DBS) to measure
TFV-DP concentrations at months 12 and 24 after PrEP initi-
ation, and detailed behavioural information at each 3-monthly
study visit.

The aim of the present study is to assess determinants of
long-term adherence to daily PrEP (dPrEP), by examining the
associations between demographic, clinical and behavioural
characteristics and TFV-DP concentrations among participants
of the AMPrEP cohort over the first 2 years of follow-up.

METHODS

Settings and location of data collection

AMPrEP (3 August 2015-1 December 2020) was an open-label
demonstration study including MSM and transgender women
(TGW) who were offered a free-of-charge coformulation of
emtricitabine and tenofovir disoproxil 200/245 mg, to be used
as dPrEP or event-driven PrEP (edPrEP). Study design, aim and
procedures have been described previously.® Briefly, partici-
pants attended 3-monthly study visits at the Centre of Sexual
Health of the Public Health Service of Amsterdam, the Neth-
erlands. Eligible were HIV-negative MSM and TGW, who were
=18 years old and in the 6 months prior to AMPrEP screening
had a substantial likelihood to acquire HIV sexually.® Switching
between dPrEP and edPrEP was allowed at each 3-monthly study
visit. If participants had switched regimens in-between study
visits, the switch would be registered at the next study visit. All
AMPrEP participants provided blood samples for HIV and STI
testing at each study visit and for making DBS at the 12 and 24
months study visit. A subgroup of participants was included in a
nested randomised clinical trial (RCT) assessing the effect of an
app providing visualised feedback on good adherence (TFV-DP
>700 fmol/punch), as reported previously.” For inclusion into
the RCT participants had to use dPrEP at the moment of inclu-
sion (between 4 May 2016 and 12 September 2016) and be
willing to use the app (RCT protocol available online via https://
www.trialregister.nl/trial/5413). For the present analyses, we
only used data from AMPrEP participants using dPrEP at the
moment of DBS sampling.

Measures

Sociodemographic, psychosocial, clinical and behavioural char-
acteristics were collected via questionnaires. Demographics
collected at inclusion in AMPrEP were age, gender identity,
ethnicity, place of residency, education level, employment status,
income level, living situation, relationship status and sexual

preference. Behavioural and clinical characteristics included
history of condomless anal sex and bacterial STIs in the 6 months
prior to inclusion. Self-reported number of sex partners and sex
episodes, including partner type and condom use, were recorded
3 monthly. For psychosocial determinants, sexual compulsivity
was measured using the sexual compulsivity scale,® with a score
=24 being indicative of a greater impact of sexual thoughts on
daily functioning and of an inability to control sexual thoughts or
behaviours.” Chemsex was defined as the use of y-hydroxybutyr-
ate/y-butyrolactone, methamphetamine or mephedrone prior to
or during sex. Symptoms of depression or anxiety were assessed
using the Mental Health Inventory-5 (MHI-S) score, where a
score of <60 indicated symptoms of depression or anxiety.'® !
The Alcohol Use Disorders Identification Test (AUDIT)!? and
Drug Use Disorder Identification Test (DUDIT)" questionnaires
were used to assess problematic alcohol and drug use, respec-
tively; scores =8 are interpreted as indicative of alcohol-related
or drug-related problems."* We assessed sexual compulsivity,
chemsex, MHI-5, AUDIT and DUDIT yearly. Level of concern
about acquiring HIV and level of importance to prevent HIV
were collected on 7-point Likert scale. Level of concern was
dichotomised post hoc to low (scores 1-2) vs neutral to high
(scores 3—7) and importance to prevent HIV was dichotomised
to very unimportant to important (scores 1-6) vs very important
(score 7), both due to skewed data.”

Laboratory methods

Whole blood collected via phlebotomy by a research nurse or
physician was spotted onto Whatman 903 Protein Saver Cards
(GE Healthcare Bio-Sciences, Piscataway, New Jersey, USA)
by a lab technician. After drying for at least 2 hours at room
temperature, the cards were sealed in plastic bags including
a desiccant with a humidity indicator (MiniPax, Multisorp
Technologies, Buffalo, New York, USA) and stored at —20°C.
Samples were shipped on dry ice in batches for analysis at the
Colorado Antiviral Pharmacology Laboratory (University of
Colorado Anschutz Medical Campus, Aurora, Colorado, USA),
as described previously.” ** Intracellular TEV-DP concentrations
were reported as fmol/3 mm punch. Results were not provided
to participants.

Statistical methods

Study visits at which participants provided DBS samples were
included if participants had used dPrEP in the prior 3 months
and had not used direct-acting antivirals (DAAs) for treatment of
hepatitis C virus infection between enrolment and the 24-month
visit. The latter condition was necessary, because combined use
of sofosbuvir containing DAA regimens and tenofovir is asso-
ciated with elevated intracellular TFV-DP concentrations.'®
A multivariable linear regression model using generalised esti-
mating equations assessed the association between baseline
factors and characteristics during follow-up (sexual behaviour,
mental health and chemsex), and the outcome TFV-DP concen-
trations. Variables with Bs in univariable analysis with p<0.25
were initially included, subjected to backward selection and kept
in the multivariable model if p<0.05. Access to either the basic
app or the app providing feedback was included in the multivari-
able model a priori.

We reran the above-mentioned model in a sensitivity anal-
ysis by excluding edPrEP users (already excluded from primary
analyses), and participants who had been using dPrEP until the
sampling date, but switched to the event-driven regimen on the
DBS sampling visit; hereby variables from the model obtained in
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the main analysis were included a priori and other variables were
selected using forward selection and included if p<0.05. This
sensitivity analysis was done because clinical experience taught
us that participants—for whom a switch to edPrEP was recorded
at a visit—had often already switched to edPrEP in the previous
weeks/months; in these participants lower TFV-DP concentra-
tions are expected, which does not necessarily indicate poor
adherence.

Statistical analyses were performed in STATA V.15.1 (Stat-
aCorp, College Station, Texas, USA).

The study was registered at the Netherlands Trial Register
(NL5413).

Role of funding source

The funders played no role in the study design, data collection,
data analysis, data interpretation or writing of the manuscript.
The authors had full access to all data and were responsible for
the decision to submit the manuscript for publication.

RESULTS

Participants

Of 367 AMPrEP participants with any follow-up, 20 (5.4%) did
not attend the 12-month or 24-month study visit. Of 347 that
did, 74 (21.3%) were using edPrEP prior to both sampling visits,
6 (1.7%) did not provide DBS and 7 (2.0%) had been using
DAAs in the study period (online supplemental figure). During
follow-up, two participants withdrew informed consent and
were excluded from all analyses. One participant was considered
an outlier, because in both DBS the TFV-DP concentration levels
exceeded 4000 fmol/punch, and was also excluded. Finally, 257
participants with a DBS sample at one or both visits (492 DBS
in total) while on dPrEP were included in the analysis. The study
visits with DBS samples took place between 28 July 2016 and
19 July 2018. No HIV infections were diagnosed in the study
population in this time period.

Baseline characteristics

Median age was 39 years (IQR 32-48; table 1). One partici-
pant identified as TGW] 256 as male. Ethnicity was self-declared
as white by 84%. Three-quarters of participants reported their
education level as college/university. Sexual preference was
described as exclusively homosexual by 78% of participants. In
the 3 months prior to inclusion in AMPrEPR, the median number
of sex partners was 15 (IQR 8-32) and the median number of
condomless anal sex episodes with casual partners 6 (IQR 3-15).
In the 6 months prior to inclusion, 39% of participants were
diagnosed with a bacterial STI and 95% reported condomless
anal sex with a casual partner (table 1).

Intracellular TFV-DP concentrations

Median overall TFV-DP concentration was 1299 (IQR 1021-
1627) fmol/punch; at 12 months the TFV-DP concentration was
1332 (IQR 1087-1687) fmol/punch and at 24 months 1248
(IQR 929-1590) fmol/punch (figure 1).

At 12 months, 93% (230/246) had TFV-DP =700 fmol/punch.
Among participants under 50 years, this was 92% (175/190) and
among those 50 years or older 98% (55/56). At 24 months, 89%
(192/215) had TFV-DP =700 fmol/punch, 88% (136/155) of
those under 50 years and 93% (56/60) of those 50 years and
older.

Factors associated with intracellular TFV-DP concentrations
Eleven variables with p<0.25 in univariable linear regres-
sion analyses were included in the initial multivariable model

Table 1 Behavioural and psychosocial characteristics and baseline

demographic variables of daily PrEP users

Total (n=257)

N %*
Demographic characteristics
Age (years)
Median (IQR) 39 (32-48)
Age (years; categorised)
<34 85 33
35-44 80 31
=45 92 36
Gender identity
Male 256 99
Transgender woman 1 1
Self-declared ethnicity
White 217 84
Non-white 40 16
Place of residency in the Netherlands
Amsterdam 159 62
Other 98 38
Education level
No college/University 64 25
College/University 193 75
Employmentt
Employed 202 80
Unemployed 9 4
Other (retired, volunteer, disabled, 43 17
student)
Net monthly income in €%
<1700 66 27
1701-2950 103 42
>2950 74 30
Living situation
Alone 141 55
With partner 81 32
With parents/Flatmates 35 14
Steady relationship§
No 143 56
Yes m 44
Sexual preferencef]
Exclusively homosexual 199 78
Not exclusively homosexual 57 22
Sexual behaviour
Number of sex partners**
Median (IQR) 15 (8-32)
Number of condomless anal sex episodes with casual partners**
Median (IQR) 6 (3-15)
STIstt
No 158 61
Yes 99 39
Condomless anal sex with a casual
partner (6 months prior to inclusion in
AMPrEP)
No 13 5
Yes 244 95

Mental health characteristics and drug
use

Sexual compulsivity scale

Continued

van den Elshout MAM, et al. Sex Transm Infect 2023;99:303-310. doi: 10.1136/sextrans-2022-055499

305

"yBuAdoo Aq paloalold 1sanb Aq 20z ‘9T [udy uo jwod g ns//:dny woly papeojumoq 220z Jaquialdas g uo 667550-2202-SUenxas/9eTT 0T Se paysiiand 1Sy :199ju| Wsuel] Xas


https://dx.doi.org/10.1136/sextrans-2022-055499
http://sti.bmj.com/

Original research

Table 1 Continued
Total (n=257)
N %*
Score <24 (no indication of sexual 196 76
compulsivity)
Score =24 (indication of sexual 61 24
compulsivity)
Chemsextt
No 147 58
Yes 106 42
Depression or anxiety symptoms
MHI-5 score 60 (no symptoms) 212 82
MHI-5 score <60 (symptoms) 45 18
Alcohol Use Disorder Identification
Test§
Score <8 (no indication) 186 73
Score =8 (indication) 68 27
Drug Use Disorder Identification Test
Score <8 (no indication) 160 62
Score =8 (indication) 97 38
Level of concern about acquiring
HIVE§§
Low 41 16
Neutral to high 216 84
Level of importance to prevent HIV§§
Very unimportant to important 70 27
Very important 187 73
Access to mobile application
Standard app 152 59
Extended app 105 41
AMPTEP study visit attendance
12 months 246 96
24 months 215 84

AMPTEP study, Amsterdam, 2015-2018.

*Percentages may not total 100 due to rounding.

3 missing.

$14 missing.

§3 missing.

911 missing.

**In the 3 months prior to inclusion into AMPrEP.

tt+Chlamydia, gonorrhoea and/or syphilis within 6 months prior to inclusion into
AMPTEP.

+$Use of y-hydroxybutyrate, y-butyrolactone, methamphetamine or mephedrone
prior to or during sex in the 3 months prior to inclusion into AMPrEP, 4 missing.
§§Scale 1-7, dichotomised.

AMPrEP, Amsterdam PrEP demonstration project; MHI5, Mental Health Inventory-5;
PrEP, pre-exposure prophylaxis; RCT, randomised clinical trial.

(table 2). In multivariable linear regression analyses, three vari-
ables had a significant positive association: age modelled as
cubic splines (p=0.0008; figure 2); having had condomless anal
sex with a casual partner in the 6 months prior to inclusion in
AMPrEP, +166 fmol/punch (95% CI 36.5 to 296) and having
access to the app which provided feedback, +146 fmol/punch
(95% CI 28.1 to 263). It should be noted that the positive asso-
ciation between TFV-DP concentrations and age mainly pertains
to participants aged over 50 years (figure 2).

One variable was associated with lower TFV-DP concentra-
tions: 24 months study visit, compared with the 12 months study
visit, =91.5 fmol/punch (95% CI —155 to —28.1; table 2).

After exclusion of participants who were registered as
switching to edPrEP on the DBS sample visit, 250/257

]
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Figure 1  Tenofovir diphosphate (TFV-DP) concentrations from dried

blood spots of daily pre-exposure prophylaxis (PrEP) users in fmol/
punch by study visit: 12 months and 24 months after PrEP initiation.
The solid line indicates 700 fmol/punch, suggested by a previous study
as the lower bound of protective drug levels.” The dashed line indicates
1250 fmol/punch, corresponding to consistent adherence to daily PrEP.*
Box represents 25th—75th percentiles and median, whiskers upper and
lower adjacent values and dots outside values. n (12 months)=246,

n (24 months)=215. Amsterdam PrEP demonstration project study,
Amsterdam, The Netherlands, 2016-2018.

participants remained with 440/461 DBS. In sensitivity analyses,
the same four variables remained significantly associated with
comparable effect sizes and no other associated variables could
be selected (online supplemental table).

DISCUSSION

In this study among MSM using dPrEP, we found that TFV-DP
concentrations were high, indicating excellent adherence in
general. Higher levels were observed in participants aged over
50 years, in those reporting condomless anal sex with a casual
partner 6 months prior to PrEP initiation and in those receiving
visualised feedback on PrEP use and sexual behaviour via an app.
TFV-DP concentrations decreased slightly from the 12-month to
the 24-month study visits, but remained above the threshold for
good adherence.

Our study confirms previously observed associations between
older age and better adherence.”’™! In line with our results,
high adherence levels in participants aged over 50 years have
also been observed in the Australian PrEP Demonstration Project
(PRELUDE).” Also, the PrEP Brazil study found a greater
proportion of participants aged =35 years with TFV-DP =700
fmol/punch compared with those aged <35 years."® However,
our study shows that such an association is not necessarily rele-
vant: the large majority of younger PrEP users in our cohort had
drug levels above the threshold of protection (figure 2). Also,
it should be noted that higher TFV-DP concentrations in those
with older age might be explained by reduced renal function and
tenofovir clearance, which could theoretically elevate TFV-DP
concentrations.*

We found that TFV-DP concentrations decreased slightly
between the 12-month and 24-month follow-up visits (table 2),
although for the large majority drug levels remained above the
protective threshold (figure 1). Decreasing adherence over time
is a notorious problem described for several chronic treatments
including HIV treatment and preventative medicine, such as
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Table 2 Behavioural and psychosocial characteristics and baseline demographic variables of users of daily oral PrEP (emtricitabine/tenofovir
disoproxil), associated with TFV-DP concentrations in linear regression analysis using generalised estimating equations (n=257; total number of DBS

samples=461)

Univariable Multivariable
B* (95% CI) P value B* (95% CI) P value
Demographic characteristics
Age (years, modelled as cubic spline; ref.: 21 years) 0.0040 0.0008
35 3.45 (=273 to 280) 133 (=271 to 298)
50 29.3 (=211 to 270) 51.6 (=196 to 299)
55 139 (103 to 382) 168 (-80.5 to 417)
60 288 (9.48 to 567) 325 (44.0 to 606)
65 457 (104 to 809) 501 (153 to 849)
Self-declared ethnicity: non-white -82.2 (=245 to 80.8) 0.32
Place of residency in the Netherlands: outside Amsterdam —45.8 (=1711t079.2) 0.47
Education level
Low, middle, other 0 0.57
High -40.5 (—181 to 100)
Employmentt
Employed 0 0.33
Unemployed -65.3 (—388 to 257)
Other (retired, volunteer, disabled, student) 135 (-53.0 to 322)
Net monthly income in €f
<1700 0 0.97
1701-2950 16.6 (-139t0 172)
>2950 18.5 (=149 to 186)
Living situation
Alone 0 0.048
With partner 10.6 (=116 t0 137)
With parents/Flatmates -190 (-356 to —23.6)
Steady relationship§ =215 (=139 t0 96.4) 0.72
Sexual preference: not exclusively homosexualq| 155 (6.71 to 302) 0.041
Sexual behaviour (past 3 months)
Any STI** -10.7 (-113t0 91.4) 0.84
Total number of sex partners (log transformed)tt 51.5 (=0.158 to 103) 0.051
Total number of condomless anal sex acts with casual partners (log transformed)++ 35.7 (—6.15 t0 77.6) 0.095
Condomless anal sex with a casual partner (6 months prior to inclusion in AMPrEP) 175 (33.0t0317) 0.016 166 (36.5 to 296) 0.012
Mental health characteristics and drug use
Score =24 on sexual compulsivity scalett (indication of sexual compulsivity) -62.7 (189 t0 63.3) 0.33
Chemsex§§,++, -12.9 (-118 t0 92.0) 0.81
MHI-5 score <601t,*** -67.0 (201 to 67.1) 0.33
Score =8 on Alcohol Use Disorders Identification Testttt -85.9 (=214 t0 41.7) 0.19
Score =8 on Drug Use Disorder Identification Test+$+ -29.2 (=137 t0 78.7) 0.60
Neutral to high concern about acquiring HIV§§§ 104 (=70.3 t0 278) 0.24
Very important to prevent HIV§§§ 94.0 (-39.9 t0 228) 0.17
Access to mobile application
Extended app 138 (15.0 to 261) 0.028 146 (28.1 t0 263) 0.015
AMPYEP study visit
24 months vs 12 months -83.0 (-146t0-19.6)  0.010 -91.5 (-155t0-28.1)  0.0047
Continued
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Table 2 Continued

Univariable

Multivariable

B*

(95% CI) P value p* (95% CI) P value

AMPTEP study, Amsterdam, 2015-2018.
*TFV-DP in fmol/punch.

16 missing.

$27 missing.

85 missing.

912 missing.

**4 missing.

1114 missing.

$$16 missing.

§§Use of y-hydroxybutyrate, y-butyrolactone, methamphetamine or mephedrone prior to or during sex in the 3 months prior to inclusion into AMPrEP.

9l9Indication of an anxiety or depressive mood disorder.
***Indication of an anxiety or depressive mood disorder.
tttIndication of an alcohol use disorder, 15 missing.
t$tIndication of a drug use disorder, 15 missing.
§§§Scale 1-7, dichotomised, at baseline.

AMPIEP, Amsterdam PrEP demonstration project; DBS, dried blood spots; MHI-5, Mental Health Inventory-5; PrEP, pre-exposure prophylaxis; TFV-DP, tenofovir diphosphate .

management of cardiovascular disease.”* Also other PrEP cohorts
have shown decreasing adherence over time, for example, over
1 year of follow-up in the PrEP Brazil'® and the PRELUDEY
studies.

In this cohort of highly adherent participants, the observed
slight decline in adherence from month 12 to month 24 since
PrEP initiation may be of little clinical significance. Neverthe-
less, considering that a decline with longer duration of PrEP
use was reported in other studies as well,'™® ¥ it is important to
monitor and encourage adherence in PrEP users over the course
of their PrEP careers. In addition, further research is needed to
determine whether this downward trend stabilises or decreases
further over time. And, if the latter is the case, we should assess
what characterises these poor adherers so they might be reached
for adherence-improving interventions.

!

!
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Figure 2 Tenofovir diphosphate (TFV-DP) concentrations from dried
blood spots of daily pre-exposure prophylaxis (PrEP) users in fmol/
punch (dots) and age modelled as cubic splines (curve). The grey area
represents the 95% Cl around the modelled estimates. The solid line
indicates 700 fmol/punch, suggested by a previous study as the lower
bound of protective drug levels.’ The dashed line indicates 1250 fmol/
punch, corresponding to consistent adherence to daily PrEP.* Amsterdam
PrEP demonstration project study, Amsterdam, The Netherlands, 2016—
2018.

We furthermore noted an association between higher drug
levels and condomless anal sex in the 6 months before PrEP was
started, which was one of the study’s inclusion criteria. It should
be noted that 95% of participants reported condomless anal sex
prior to PrEP initiation, and that condom use decreased during
follow-up.?* Time-updated variables such as number of sex part-
ners and condomless anal sex in the 3 months before TFV-DP
concentration measurement were not associated with higher
drug levels. This association suggests people who did not have
condomless anal sex before using PrEP might be less adherent
than people who did. In the light of decreasing condom use and
habituation to condomless sex, this less adherent population
might be less aware of their dependency on PrEP for protection
against HIV.

The RCT within AMPrEP evaluating the effect of receiving
visualised feedback on PrEP use and sexual behaviour via an app
on adherence showed no effect on the predetermined dichoto-
mised end point of good versus poor adherence, using a cut-off
at 700 fmol/punch.” In the current analysis, we used the actual
TVF-DP concentrations as outcome, rather than the dichoto-
mised categorisation. The linear regression analyses did show
an association between higher drug levels and receiving visual-
ised feedback via the app (table 2). This is in accordance with
research on HIV treatment adherence interventions,” where an
RCT evaluating the effects of an app providing visualised feed-
back on adherence and current level of immunoprotection, lead
to higher levels of adherence and lower HIV viral load in the
intervention arm.?® Other studies using mobile interventions
to promote adherence to PrEP via text message reminders have
shown varying results'® ?’; no other study specifically assessed
the effects of feedback on sexual behaviour and adherence via
an app as compared with a more basic app without the feedback.

Other studies also found associations between higher adher-
ence and private clinic attendance, early good adherence, group
sex, sex with HIV-positive partners, stimulant use, length of
schooling, black ethnicity and having a steady partner; we could
not evaluate or confirm these associations in our analyses.'® ¥
Research by Wu ez al*® found negative associations between self-
reported adherence during the most recent anal intercourse and
anxiety/depression and chemsex,?® which we could not confirm
in these analyses. Wu et al also found an association between
suboptimal adherence and with switching from dPrEP to edPrEP
use. In this study, we could not formally assess this as we only
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included participants who used dPrEP prior to DBS collection, in
view of our outcome measure TFV-DP concentration. However,
earlier our group observed associations in edPrEP users between
time since PrEP initiation and lower adherence, as well as higher
adherence levels in older participants®’; this suggests that these
effects are not regimen-specific.

Strengths of this study include the objective measure used to
determine adherence: intracellular TFV-DP concentrations. Due
to the long half-life of intracellular TFV-DP, this method meas-
ures gradients of adherence as opposed to plasma drug levels,
which due to the short half-life are susceptible to white-coat
adherence (ie, improved adherence in the days leading up to a
(clinic) visit). Adherence may also be measured by registering
self-reported adherence. However, this is influenced by recall
and social desirability bias and may therefore also be unreliable.
Another strength is the relatively long follow-up period of 24
months since PrEP initiation.

We acknowledge the following limitations in this study. First,
due to the chosen outcome measure we could only include
dPrEP users. Also, we know switching between dPrEP and
edPrEP regimens was common®® and TFV-DP concentrations
in DBS cannot distinguish appropriate edPrEP use from dPrEP
non-compliance. However, sensitivity analyses excluding partic-
ipants who switched to edPrEP on the DBS sampling visit gave
the same results. Second, intracellular TFV-DP concentration
reflects average adherence over time, but it does not prove that
PrEP was taken when needed: that is, at the time of possible
exposure to HIV. Third, AMPrEP participants were early adop-
ters, mostly white, middle-aged and highly educated MSM, so
caution should be exercised extrapolating these results to other
groups or settings. Last, in order to improve PrEP effectiveness
we had aimed to determine predictors of adherence, as deter-
minants of poorer adherence use could be used by clinicians to
guide their counselling efforts; unfortunately our analyses did
not yield such clear-cut predictors.

In conclusion, AMPrEP participants exhibited excellent adher-
ence to dPrEP up to 2 years since PrEP initiation, even though
TFV-DP concentrations decreased slightly over time. TFV-DP
concentrations were especially high among participants over 50
years of age, those who had condomless anal sex with a casual
partner before initiating PrEP and those who had access to an
app which provided visualised feedback on PrEP use and sexual
behaviour. Clinicians should continue giving attention to PrEP
adherence to long-term PrEP users over the course of their PrEP
careers. Younger PrEP users might benefit more from counsel-
ling, and an app may fulfil a facilitating role improving adher-
ence for this digital generation.
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Handling editor Eric PF Chow
Twitter Liza Coyer @LizaCoyer and Henry JC de Vries @henryjdevries

Acknowledgements We would like to thank all AMPrEP participants, and the
members of the advisory board and community engagement group of AMPrEP.
Additionally, we thank Roel Achterbergh, Ertan Ersan, Dominique Loomans, Amy
Matser, Kees de Jong, llya Peters, Princella Felipa, Myra van Leeuwen, Kenneth Yap,
Adriaan Tempert and all members of the H-TEAM.

Contributors EH, MP, HICdV, UD and MSvdL conceptualised and designed the
AMPIEP demonstration project. MvdE and MSvdL contributed to study design of the
current study. EH and MvdE were involved in data acquisition. LC, MSvdL and MvdE
were involved in data analysis and all authors interpreted the data. MvdE drafted the
manuscript. Al authors critically revised the manuscript. MSvdL as guarantor had full
responsibility for the work and/or the conduct of the study, had access to the data
and controlled the decision to publish.

Funding The AMPTEP study received funding as part of the H-TEAM initiative
from ZonMw (grant number: 522002003), the National Institute for Public Health
and the Environment, GGD research funds and the H-TEAM. The study drug and
an unrestricted research grant for AMPrEP was provided by Gilead Sciences. The
H-TEAM initiative is supported by the Aidsfonds Netherlands (grant number:
2013169), Stichting Amsterdam-Dinner Foundation, Gilead Sciences Europe Ltd
(grant number: PA-HIV-PREP-16-0024), Gilead Sciences (protocol numbers: CONL-
276-4222, CO-US-276-1712), Janssen Pharmaceuticals (reference number: PHNL/
JAN/0714/0005b/1912fde), M.A.C. AIDS Fund and ViiV Healthcare (PO numbers:
3000268822, 3000747780).

Competing interests The study medication was provided by Gilead Sciences
based on unconditional grants. EH received advisory board fees from Gilead Sciences
and speaker fees from Janssen-Cilag, both paid to her institute. UD received
unrestricted research grants and speaker’s fees from Gilead Sciences, paid to his
institute. HICdV received grants from Medigene, and advisory board and speaker
fees from Gilead Sciences, Medigene, AbbVie, Janssen-Cilag and Willpharma, paid to
his institute. MP received unrestricted research grants and speaker's fees from Gilead
Sciences, Roche, AbbVie and MSD, paid to her institute. MSvdL served on an Advisory
Board of MSD, paid to his institute. All other authors declared no competing interest.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the ethics board of the Amsterdam
University Medical Centers, location AMC, Amsterdam, The Netherlands
(NL49504.018.14). Participants gave informed consent to participate in the study
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The
AMPrEP data are owned by the Public Health Service of Amsterdam. Original data
can be requested by submitting a study proposal to the steering committee of
AMPrEP. The proposal format can be obtained from amprep@ggd.amsterdam.

nl. Request for further information can also be submitted through the same email
address. The AMPTEP steering committee verifies each proposal for compatibility with
general objectives, ethical approval and informed consent forms of the AMPIEP study
and potential overlap with ongoing studies. There are no restrictions to obtaining the
data and all data requests will be processed in a similar way.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Mark AM van den Elshout http://orcid.org/0000-0002-0881-5680
Elske Hoornenborg http://orcid.org/0000-0002-0512-2109

Henry JC de Vries http://orcid.org/0000-0001-9784-547X

Maarten F Schim van der Loeff http://orcid.org/0000-0002-4903-7002

REFERENCES

1 van Sighem Al, FWNM W, Boyd A, Smit C, Matser A, van der Valk M. Monitoring report
2021. Human immunodeficiency virus (HIV) infection in the Netherlands. Amsterdam
Stichting hiv monitoring; 2021.

2 Dashwood T, Tan DHS. Preparing for the unexpected: mechanisms and management of
HIV pre-exposure prophylaxis failure. Future Virol 2018;13:747-59.

3 WHO. WHO implementation tool for pre-exposure prophylaxis of HIV infection.
Geneva, Switzerland World Health Organization; 2017.

4 Anderson PL, Liu AY, Castillo-Mancilla JR, et al. Intracellular Tenofovir-Diphosphate
and Emtricitabine-Triphosphate in dried blood spots following directly observed
therapy. Antimicrob Agents Chemother 2018;62. doi:10.1128/AAC.01710-17. [Epub
ahead of print: 21 12 2017].

5 Castillo-Mancilla JR, Zheng J-H, Rower JE, et al. Tenofovir, emtricitabine, and tenofovir
diphosphate in dried blood spots for determining recent and cumulative drug
exposure. AIDS Res Hum Retroviruses 2013;29:384-90.

6 Hoornenborg E, Achterbergh RC, van der Loeff MFS, et al. Men who have sex with
men more often chose daily than event-driven use of pre-exposure prophylaxis:

van den Elshout MAM, et al. Sex Transm Infect 2023;99:303-310. doi: 10.1136/sextrans-2022-055499 309

"yBuAdoo Aq paloalold 1sanb Aq +20z ‘9T [udy uo jwod g ns//:dny wolj papeojumoq 220z Jaquialdas g uo 667550-2202-SUenxas/9eTT 0T Se paysiiand 1Sy :199ju| Wsuel] Xas


https://twitter.com/LizaCoyer
https://twitter.com/henryjdevries
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-0881-5680
http://orcid.org/0000-0002-0512-2109
http://orcid.org/0000-0001-9784-547X
http://orcid.org/0000-0002-4903-7002
http://dx.doi.org/10.2217/fvl-2018-0084
http://dx.doi.org/10.1128/AAC.01710-17
http://dx.doi.org/10.1089/aid.2012.0089
http://sti.bmj.com/

Original research

baseline analysis of a demonstration study in Amsterdam. J Int AIDS Soc
2018;21:25105.

van den Elshout MAM, Hoornenborg E, Achterbergh RCA, et al. Improving adherence
to daily preexposure prophylaxis among MSM in Amsterdam by providing feedback
via a mobile application. A/DS 2021;35:1823-34.

Grov C, Parsons JT, Bimbi DS. Sexual compulsivity and sexual risk in gay and bisexual
men. Arch Sex Behav 2010;39:940-9.

Kalichman SC, Johnson JR, Adair V, et al. Sexual sensation seeking: scale development
and predicting AIDS-risk behavior among homosexually active men. J Pers Assess
1994,62:385-97.

Kelly MJ, Dunstan FD, Lloyd K, et al. Evaluating cutpoints for the MHI-5 and

MCS using the GHQ-12: a comparison of five different methods. BMC Psychiatry
2008;8:10.

McCormack S, Dunn DT, Desai M, et al. Pre-Exposure prophylaxis to prevent the
acquisition of HIV-1 infection (PROUD): effectiveness results from the pilot phase of a
pragmatic open-label randomised trial. Lancet 2016;387:53—60.

Babor TF, Higgins-Biddle JC, Saunders JB. AUDIT: the alcohol use disorders
identification test. guidelines for use in primary care. Geneva World Health
Organization; 2001.

Berman AH, Bergman H, Palmstierna T, et al. Evaluation of the drug use disorders
identification test (DUDIT) in criminal justice and detoxification settings and in a
Swedish population sample. £ur Addict Res 2005;11:22-31.

Achterbergh RCA, Hoornenborg E, Boyd A, et al. Changes in mental health and drug
use among men who have sex with men using daily and event-driven pre-exposure
prophylaxis: results from a prospective demonstration project in Amsterdam, the
Netherlands. EClinicalMedicine 2020;26:100505.

Zheng J-H, Rower C, McAllister K, et al. Application of an intracellular assay for
determination of tenofovir-diphosphate and emtricitabine-triphosphate from
erythrocytes using dried blood spots. J Pharm Biomed Anal 2016;122:16-20.

Brooks KM, Castillo-Mancilla JR, Blum J, et al. Increased tenofovir monoester
concentrations in patients receiving tenofovir disoproxil fumarate with ledipasvir/
sofosbuvir. J Antimicrob Chemother 2019;74:2360-4.

van Epps P, Maier M, Lund B, et a/. Medication adherence in a nationwide cohort of
Veterans initiating pre-exposure prophylaxis (PreP) to prevent HIV infection. J Acquir
Immune Defic Syndr 2018;77:272-8.

Grinsztejn B, Hoagland B, Moreira RI, et al. Retention, engagement, and adherence to
pre-exposure prophylaxis for men who have sex with men and transgender women in
PrEP Brasil: 48 week results of a demonstration study. Lancet HIV 2018;5:e136-45.

20

21

22

23

24

25

26

27

28

29

30

Vaccher SJ, Marzinke MA, Templeton DJ, et al. Predictors of daily adherence to HIV
pre-exposure prophylaxis in gay/bisexual men in the prelude demonstration project.
AIDS Behav 2019;23:1287-96.

Mannheimer S, Hirsch-Moverman Y, Franks J, et al. Factors associated with sex-related
pre-exposure prophylaxis adherence among men who have sex with men in New York
City in HPTN 067. J Acquir Immune Defic Syndr 2019;80:551-8.

Jin £, Amin J, Guy R, et al. Adherence to daily HIV pre-exposure prophylaxis in a large-
scale implementation study in New South Wales, Australia. AIDS 2021;35:1987-96.
Ibrahim ME, Castillo-Mancilla JR, Yager J, et al. Individualized adherence benchmarks
for HIV pre-exposure prophylaxis. AIDS Res Hum Retroviruses 2021;37:421-8.

Naderi SH, Bestwick JP, Wald DS. Adherence to drugs that prevent cardiovascular
disease: meta-analysis on 376,162 patients. Am J Med 2012;125:882-7.
Hoornenborg E, Coyer L, Achterbergh RCA, et al. Sexual behaviour and incidence of
HIV and sexually transmitted infections among men who have sex with men using
daily and event-driven pre-exposure prophylaxis in AMPYEP: 2 year results from a
demonstration study. Lancet HIV 2019;6:e447-55.

Cooper V, Clatworthy J, Whetham J, et al. mHealth interventions to support self-
management in HIV: a systematic review. Open AIDS J 2017;11:119-32.

Perera Al, Thomas MG, Moore JO, et al. Effect of a smartphone application
incorporating personalized health-related imagery on adherence to antiretroviral
therapy: a randomized clinical trial. AIDS Patient Care STDS 2014;28:579-86.
Haberer JE, Bukusi EA, Mugo NR, et al. Effect of SMS reminders on PrEP adherence

in young Kenyan women (MPYA study): a randomised controlled trial. Lancet HIV
2021;8:e130-7.

Wu H-J, Wen-Wei Ku S, Chang HH, et a/. Imperfect adherence in real life: a
prevention-effective perspective on adherence to daily and event-driven HIV pre-
exposure prophylaxis among men who have sex with men—a prospective cohort study
in Taiwan. J Int AIDS Soc 2021;24:e25733.

Jongen VW, Hoornenborg E, van den Elshout MA, et al. Adherence to event-driven HIV
PrEP among men who have sex with men in Amsterdam, the Netherlands: analysis
based on online diary data, 3-monthly questionnaires and intracellular TFV-DP. J Int
AIDS Soc 2021;24:e25708.

Coyer L, van den Elshout MAM, Achterbergh RCA, et al. Understanding pre-
exposure prophylaxis (PrEP) regimen use: switching and discontinuing daily and
event-driven PreP among men who have sex with men. EClinicalMedicine 2020;29-
30:100650.

310

van den Elshout MAM, et al. Sex Transm Infect 2023;99:303—310. doi: 10.1136/sextrans-2022-055499

"yBuAdoo Aq paloalold 1sanb Aq +20z ‘9T [udy uo jwod g ns//:dny wolj papeojumoq 220z Jaquialdas g uo 667550-2202-SUenxas/9eTT 0T Se paysiiand 1Sy :199ju| Wsuel] Xas


http://dx.doi.org/10.1002/jia2.25105
http://dx.doi.org/10.1097/QAD.0000000000002949
http://dx.doi.org/10.1007/s10508-009-9483-9
http://dx.doi.org/10.1207/s15327752jpa6203_1
http://dx.doi.org/10.1186/1471-244X-8-10
http://dx.doi.org/10.1016/S0140-6736(15)00056-2
http://dx.doi.org/10.1159/000081413
http://dx.doi.org/10.1016/j.eclinm.2020.100505
http://dx.doi.org/10.1016/j.jpba.2016.01.038
http://dx.doi.org/10.1093/jac/dkz184
http://dx.doi.org/10.1097/QAI.0000000000001598
http://dx.doi.org/10.1097/QAI.0000000000001598
http://dx.doi.org/10.1016/S2352-3018(18)30008-0
http://dx.doi.org/10.1007/s10461-018-2353-5
http://dx.doi.org/10.1097/QAI.0000000000001965
http://dx.doi.org/10.1097/QAD.0000000000002970
http://dx.doi.org/10.1089/aid.2020.0108
http://dx.doi.org/10.1016/j.amjmed.2011.12.013
http://dx.doi.org/10.1016/S2352-3018(19)30136-5
http://dx.doi.org/10.2174/1874613601711010119
http://dx.doi.org/10.1089/apc.2014.0156
http://dx.doi.org/10.1016/S2352-3018(20)30307-6
http://dx.doi.org/10.1002/jia2.25733
http://dx.doi.org/10.1002/jia2.25708
http://dx.doi.org/10.1002/jia2.25708
http://dx.doi.org/10.1016/j.eclinm.2020.100650
http://sti.bmj.com/

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Sex Transm | nfect

Initiated AMPrEP (n=376)

Any follow-up (n=367)

A 4

Early loss to follow-up

(n=9)

Attended 12 or 24 months visit (n=347)

\ 4

Did not attend 12 or 24 month study visit

(n=20)

\4

Included in analysis (n=257)

DBS included in analysis:
At 12 months (n=246)
At 24 months (n=215)

v

Withdrew informed consent

Did not provide sample for DBS
Used edPrEP in preceding 3 months
Used Direct Acting Antivirals for HCV
Outlier (TFV-DP > 4000 fmol/punch)

(n=2)
(n=6)
(n=74)
(n=7)
(n=1)

Supplementary Figure: Flow diagram of AMPrEP study participants included in analysis and reasons

for exclusion. AMPrEP, Amsterdam, 2015-2018.

AMPrEP: Amsterdam PrEP demonstration project; DBS: dried blood spots; edPrEP: event-driven
PreP; HCV: hepatitis C virus infection; TFV-DP: tenofovir diphosphate concentration in DBS.
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Supplementary Table: Behavioural and psychosocial characteristics and baseline demographic variables of users of daily oral PrEP
(emtricitabine/tenofovir disoproxil), associated with TFV-DP concentration in linear regression analysis using generalised estimating
equations. Sensistivity analysis excluding visits on which participants switched to event-driven PrEP (n=250; total number of DBS
samples=440). AMPrEP study, Amsterdam, 2015-2018.

Univariable Multivariable
5 (95% Cl) p value [} (95% Cl) p value
Demographic characteristics
Age (modelled as cubic spline; ref.: 21 years) 0.0063 0.0014
35 years 35.4 (-248 to 319) 29.7 (-260 to 319)
50 years 21.8 (-228 to 271) 28.5 (-226 to 283)
55 years 131 (-120 to 382) 144 (-110 to 399)
60 years 288 (1.06 to 576) 308 (21.5 to 595)
65 years 469 (107 to 832) 496 (141 to 852)
Self-declared ethnicity: non-white -88.6 (-253 to 76.0) 0.29
Place of residency in the Netherlands: outside
Amsterdam -31.4 (-159 t0 96.3) 0.63
Education level
Low, middle, other 0 0.74
High -24.1 (-166 to 118)
Employment®
Employed 0 0.30
Unemployed -123 (-462 to 216)
Other (retired, volunteer, disabled, student) 129 (-61.8 to 320)
Net monthly income in Euro's®
<1700 0 0.97
1701-2950 44.0 (-117 to 205)
>2950 39.5 (-1321to0 211)
Living situation
Alone 0 0.029
With partner 29.8 (-95.8 to 155)
With parents/flatmates -202 (-376 to -28.9)
Steady relationship -17.6 (-136to 101) 0.77
Sexual preference: not exclusively homosexual® 161 (14.5 to 308) 0.031
Sexual behaviour (past 3 months)
Any sexually transmitted infection’ -32.3 (-136t071.2) 0.54
Total number of sex partners (log transformed)® 40.1 (-9.92 t0 90.1) 0.12
Total number of condomless anal sex acts with
casual partners (log transformed)" 25.3 (-16.1 t0 66.7) 0.23
Condomless anal sex with a casual partner (6
months prior to inclusion in AMPrEP) 191 (48.4 to 333) 0.0086 183 (50.5 to 315) 0.0068
Mental health characteristics and drug use
Score =24 on Sexual compusivity scale’
(indication of sexual compulsivity) -46.9 (-17310 79.3) 0.47
Chemsex™ -5.53 (-105 to 93.6) 0.91
MHI-5 score <60 %! -52.3 (-186t0 81.4) 0.44
Score 28 on Alcohol use disorder identification test
(AUDIT) -49.2 (-171 t0 73.0) 0.43
Score 28 on Drug use disorder identification test
(oupITy -42.7 (-152 t0 66.9) 0.58
Neutral to high concern about acquiring HIV™ 104 (-70.3 to 278) 0.24
Very important to prevent HIV™ 83.2 (-51.9t0 218) 0.23
Access to mobile application
Extended app 126 (2.01 to 251) 0.046 136 (18.5 to 253) 0.023
AMPrEP study visit
24 months vs. 12 months -67.7 (-131 t0 -4.77) 0.035 -76.1 (-139to0 -13.4) 0.018

AMPrEP: Amsterdam PrEP demonstration project; DBS: dried blood spots; MHI-5: Mental Health Inventory-5; PrEP: pre-exposure
prophylaxis; TFV-DP: tenofovir diphosphate.

2 TFV-DP concentration in DBS in fmol/punch; ® 6 missing; ¢ 27 missing; ° 5 missing; © 2 missing; 4 missing; 9 14 missing; " 16 missing; ' Use
of y-hydroxybutyrate, y-Butyrolactone, methamphatamine or mephedrone prior to or during sex in the 3 months prior to inclusion into
AMPrEP;! Indication of an anxiety or depressive mood disorder; ¥ Indication of an alcohol use disorder, 15 missing; "Indication of a drug use
disorder, 15 missing; ™ Scale 1-7, dichotomised, at baseline.
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Determinanten van therapietrouw aan dagelijkse PrEP bepaald via intracellulaire tenofovir-
difosfaat concentraties gedurende 24 maanden follow-up bij mannen die seks hebben met mannen

Doelstelling:

Therapietrouw is cruciaal voor de effectiviteit van orale pre-expositie profylaxe (PrEP) om hiv te
voorkomen; daarom wilden we factoren vinden die geassocieerd zijn met therapietrouw bij
gebruikers van dagelijkse PrEP (dPrEP).

Methode:

Deze studie vond plaats binnen het Amsterdam PrEP demonstratieproject (AMPrEP) bij GGD
Amsterdam onder mannen die seks hebben met mannen (MSM). Bij deelnemers die dPrEP (tabletten
emtricitabine/tenofovirdisoproxil) gebruikten hebben we bloed afgenomen voor het maken van
bloedspotkaarten zowel 12 als 24 maanden na start van PrEP. Uit deze bloedspotkaarten hebben we
intracellulaire tenofovirdifosfaat (TFV-DP) concentraties bepaald om de therapietrouw te
beoordelen; TFV-DP > 700 fmol/perforatierondje werd als voldoende beschouwd voor bescherming
tegen hiv. We hebben associaties van socio-demografische, klinische en gedragskenmerken met TFV-
DP-concentraties onderzocht door middel van een multivariabele lineaire regressie.

Resultaten

Van de 263 deelnemers die een studiebezoek aflegden op 12 en/of 24 maanden én dPrEP
gebruikten, verkregen we 257 (97,7%) bloedspotkaarten van één of beide bezoeken (492
bloedspotkaarten in totaal). De mediane TFV-DP-concentratie was 1299 (interkwartielbereik 1021-
1627) fmol/perforatierondje (12 maanden: 1332 [1087-1687]; 24 maanden: 1248 [929-1590]).
Hogere TFV-DP-concentraties waren geassocieerd met: hogere leeftijd (p=0,0008), condoomloze
anale seks met een losse partner in het halfjaar voorafgaand aan het starten met PrEP (+166
fmol/perforaat; 95% betrouwbaarheidsinterval[Cl] 36,5 tot 296) en gebruik van een mobiele
applicatie (app) die gevisualiseerde feedback gaf over PrEP-gebruik en seksueel gedrag (+146
fmol/perforaat; 95% Cl 28.1 tot 263). Lagere TFV-DP-concentraties waren geassocieerd met een
langere duur van PrEP-gebruik (24 vs. 12 maanden; -91.5 fmol/perforaat; 95%Cl -155 tot -28.1).
Aantal sekspartners, gediagnosticeerde soa en chemsex gedurende de studieperiode waren niet
geassocieerd met de TFV-DP-concentratie.

Conclusie

Over het algemeen waren de TFV-DP-concentraties hoog bij MSM die dPrEP gebruikten, wat wijst op
een uitstekende therapietrouw. Vooral oudere deelnemers, degenen die condoomloze anale seks
hadden met een losse partner voorafgaand aan starten met PrEP en degenen die een app met
gevisualiseerde feedback gebruikten, vertoonden een betere therapietrouw. Omdat de TFV-DP-
concentraties na twee jaar PrEP-gebruik licht waren afgenomen in vergelijking met die na één jaar
PreP-gebruik, benadrukken we het belang van het blijven bespreken van therapietrouw bij PrEP-
gebruikers gedurende hun PrEP-carriére.

van den Elshout MAM, et al. Sex Transm Infect 2023;0:1-8. doi: 10.1136/sextrans-2022-055499
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Supplementary Figure: Flow diagram of AMPrEP study participants included in analysis and reasons

for exclusion. AMPrEP, Amsterdam, 2015-2018.

AMPrEP: Amsterdam PrEP demonstration project; DBS: dried blood spots; edPrEP: event-driven
PreP; HCV: hepatitis C virus infection; TFV-DP: tenofovir diphosphate concentration in DBS.
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Supplementary Table: Behavioural and psychosocial characteristics and baseline demographic variables of users of daily oral PrEP
(emtricitabine/tenofovir disoproxil), associated with TFV-DP concentration in linear regression analysis using generalised estimating
equations. Sensistivity analysis excluding visits on which participants switched to event-driven PrEP (n=250; total number of DBS
samples=440). AMPrEP study, Amsterdam, 2015-2018.

Univariable Multivariable
5 (95% Cl) p value [} (95% Cl) p value
Demographic characteristics
Age (modelled as cubic spline; ref.: 21 years) 0.0063 0.0014
35 years 35.4 (-248 to 319) 29.7 (-260 to 319)
50 years 21.8 (-228 to 271) 28.5 (-226 to 283)
55 years 131 (-120 to 382) 144 (-110 to 399)
60 years 288 (1.06 to 576) 308 (21.5 to 595)
65 years 469 (107 to 832) 496 (141 to 852)
Self-declared ethnicity: non-white -88.6 (-253 to 76.0) 0.29
Place of residency in the Netherlands: outside
Amsterdam -31.4 (-159 t0 96.3) 0.63
Education level
Low, middle, other 0 0.74
High -24.1 (-166 to 118)
Employment®
Employed 0 0.30
Unemployed -123 (-462 to 216)
Other (retired, volunteer, disabled, student) 129 (-61.8 to 320)
Net monthly income in Euro's®
<1700 0 0.97
1701-2950 44.0 (-117 to 205)
>2950 39.5 (-1321to0 211)
Living situation
Alone 0 0.029
With partner 29.8 (-95.8 to 155)
With parents/flatmates -202 (-376 to -28.9)
Steady relationship -17.6 (-136to 101) 0.77
Sexual preference: not exclusively homosexual® 161 (14.5 to 308) 0.031
Sexual behaviour (past 3 months)
Any sexually transmitted infection’ -32.3 (-136t071.2) 0.54
Total number of sex partners (log transformed)® 40.1 (-9.92 t0 90.1) 0.12
Total number of condomless anal sex acts with
casual partners (log transformed)" 25.3 (-16.1 t0 66.7) 0.23
Condomless anal sex with a casual partner (6
months prior to inclusion in AMPrEP) 191 (48.4 to 333) 0.0086 183 (50.5 to 315) 0.0068
Mental health characteristics and drug use
Score =24 on Sexual compusivity scale’
(indication of sexual compulsivity) -46.9 (-17310 79.3) 0.47
Chemsex™ -5.53 (-105 to 93.6) 0.91
MHI-5 score <60 %! -52.3 (-186t0 81.4) 0.44
Score 28 on Alcohol use disorder identification test
(AUDIT) -49.2 (-171 t0 73.0) 0.43
Score 28 on Drug use disorder identification test
(oupITy -42.7 (-152 t0 66.9) 0.58
Neutral to high concern about acquiring HIV™ 104 (-70.3 to 278) 0.24
Very important to prevent HIV™ 83.2 (-51.9t0 218) 0.23
Access to mobile application
Extended app 126 (2.01 to 251) 0.046 136 (18.5 to 253) 0.023
AMPrEP study visit
24 months vs. 12 months -67.7 (-131 t0 -4.77) 0.035 -76.1 (-139to0 -13.4) 0.018

AMPrEP: Amsterdam PrEP demonstration project; DBS: dried blood spots; MHI-5: Mental Health Inventory-5; PrEP: pre-exposure
prophylaxis; TFV-DP: tenofovir diphosphate.

2 TFV-DP concentration in DBS in fmol/punch; ® 6 missing; ¢ 27 missing; ° 5 missing; © 2 missing; 4 missing; 9 14 missing; " 16 missing; ' Use
of y-hydroxybutyrate, y-Butyrolactone, methamphatamine or mephedrone prior to or during sex in the 3 months prior to inclusion into
AMPrEP;! Indication of an anxiety or depressive mood disorder; ¥ Indication of an alcohol use disorder, 15 missing; "Indication of a drug use
disorder, 15 missing; ™ Scale 1-7, dichotomised, at baseline.
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Determinanten van therapietrouw aan dagelijkse PrEP bepaald via intracellulaire tenofovir-
difosfaat concentraties gedurende 24 maanden follow-up bij mannen die seks hebben met mannen

Doelstelling:

Therapietrouw is cruciaal voor de effectiviteit van orale pre-expositie profylaxe (PrEP) om hiv te
voorkomen; daarom wilden we factoren vinden die geassocieerd zijn met therapietrouw bij
gebruikers van dagelijkse PrEP (dPrEP).

Methode:

Deze studie vond plaats binnen het Amsterdam PrEP demonstratieproject (AMPrEP) bij GGD
Amsterdam onder mannen die seks hebben met mannen (MSM). Bij deelnemers die dPrEP (tabletten
emtricitabine/tenofovirdisoproxil) gebruikten hebben we bloed afgenomen voor het maken van
bloedspotkaarten zowel 12 als 24 maanden na start van PrEP. Uit deze bloedspotkaarten hebben we
intracellulaire tenofovirdifosfaat (TFV-DP) concentraties bepaald om de therapietrouw te
beoordelen; TFV-DP > 700 fmol/perforatierondje werd als voldoende beschouwd voor bescherming
tegen hiv. We hebben associaties van socio-demografische, klinische en gedragskenmerken met TFV-
DP-concentraties onderzocht door middel van een multivariabele lineaire regressie.

Resultaten

Van de 263 deelnemers die een studiebezoek aflegden op 12 en/of 24 maanden én dPrEP
gebruikten, verkregen we 257 (97,7%) bloedspotkaarten van één of beide bezoeken (492
bloedspotkaarten in totaal). De mediane TFV-DP-concentratie was 1299 (interkwartielbereik 1021-
1627) fmol/perforatierondje (12 maanden: 1332 [1087-1687]; 24 maanden: 1248 [929-1590]).
Hogere TFV-DP-concentraties waren geassocieerd met: hogere leeftijd (p=0,0008), condoomloze
anale seks met een losse partner in het halfjaar voorafgaand aan het starten met PrEP (+166
fmol/perforaat; 95% betrouwbaarheidsinterval[Cl] 36,5 tot 296) en gebruik van een mobiele
applicatie (app) die gevisualiseerde feedback gaf over PrEP-gebruik en seksueel gedrag (+146
fmol/perforaat; 95% Cl 28.1 tot 263). Lagere TFV-DP-concentraties waren geassocieerd met een
langere duur van PrEP-gebruik (24 vs. 12 maanden; -91.5 fmol/perforaat; 95%Cl -155 tot -28.1).
Aantal sekspartners, gediagnosticeerde soa en chemsex gedurende de studieperiode waren niet
geassocieerd met de TFV-DP-concentratie.

Conclusie

Over het algemeen waren de TFV-DP-concentraties hoog bij MSM die dPrEP gebruikten, wat wijst op
een uitstekende therapietrouw. Vooral oudere deelnemers, degenen die condoomloze anale seks
hadden met een losse partner voorafgaand aan starten met PrEP en degenen die een app met
gevisualiseerde feedback gebruikten, vertoonden een betere therapietrouw. Omdat de TFV-DP-
concentraties na twee jaar PrEP-gebruik licht waren afgenomen in vergelijking met die na één jaar
PreP-gebruik, benadrukken we het belang van het blijven bespreken van therapietrouw bij PrEP-
gebruikers gedurende hun PrEP-carriére.
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