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Abstract

This thesis utilises data from PROUD, a randomised controlled trial to evaluate pre-
exposure prophylaxis (PrEP) for HIV prevention. PROUD randomised 544 HIV-negative
men who have sex with men (MSM) to receive PrEP immediately or deferred for a year. The
trial demonstrated that PrEP was highly effective at preventing HIV transmission. In this
thesis, I consider four further questions: (1) Who should access PrEP? (2) How appropriate
are epidemiological measures that are commonly used for PrEP and other prevention
strategies? (3) Is PrEP-use associated with an increased risk of sexually transmitted

infections (STIs)? and (4) What is the risk of hepatitis C (HCV) among PrEP-users?

The highest risk of HIV acquisition was associated with a rectal STI or syphilis diagnosis in
the previous year, or reporting condomless receptive intercourse with two or more
partners in the previous three months. MSM meeting these criteria are therefore in most

need of PrEP.

STI diagnoses were more common among PrEP-users, found in both the randomised and
pre-/post-PrEP comparisons. It was unclear whether this was driven by a difference in
screening or sexual behaviour. Regardless, PrEP-using MSM are at high risk of STIs, and

frequent screening in a PrEP programme would likely help control onward transmission.

HCV incidence was high and increased during the four-year period of follow-up, doubling in
the final year. Risk varied according to reported risk factors. Thus, the current
recommendation of quarterly HCV screening for all PrEP-using MSM may not be

appropriate unless there is a localised epidemic.

My findings show that MSM seeking PrEP have a high but heterogeneous risk of sexually
transmitted diseases, with variation according to individual- and population-level risk
factors. PrEP programmes need to allocate sufficient provisions to screen for and treat other

clinical outcomes, including STIs and HCV.



Impact statement

Between 2008 and 2015, the number of new HIV diagnoses among men who have sex with
men (MSM) in the UK remained constant, at around 3000 per year. PROUD was a high-
profile randomised controlled trial, conducted between 2012 and 2016, which showed that
pre-exposure prophylaxis (PrEP) was highly effective at preventing HIV acquisition when
used by MSM attending sexual health clinics in England. In 2015, a reduction in HIV
diagnoses among MSM was observed, with a 17% fall overall in England and 32% in London.
This was attributed to a combination of prevention efforts, including access to PrEP via
PROUD and the purchase of generic PrEP online. In 2018, PrEP guidelines were released by
the British HIV Association (BHIVA) and the British Association for Sexual Health and HIV
(BASHH). These guidelines set out broad eligibility criteria for PrEP initiation in MSM and

recommended quarterly STI screening including for hepatitis C (HCV) in this population.

My work used PROUD data to assess whether these guidelines are appropriate, by: (1)
identifying who should access PrEP; (2) evaluating the risk of STIs among PrEP-users; and
(3) quantifying the risk of HCV among PrEP-users. PROUD had similarly broad eligibility
criteria and quarterly screening for the majority of the trial and my conclusions are likely

to be applicable to the wider MSM population attending sexual health clinics.

I identified that a rectal STI or syphilis diagnosis in the previous year, or reporting
condomless receptive intercourse with two or more partners in the previous three months
were associated with the highest risk of HIV acquisition. This work was cited in the
BHIVA/BASHH guidelines for PrEP initiation, and has been published in the Journal of
Sexually Transmitted Infections. Whilst the eligibility criteria should remain broad, my
work enables commissioners and service providers to more accurately target MSM most in

need of PrEP.

[ found that MSM using PrEP had a higher rate of STIs compared to those not on PrEP. It was

unclear whether this was driven by a difference in screening or sexual behaviour.
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Regardless, MSM using PrEP are at high risk of STIs. This work supports the BHIVA/BASHH
recommendation for quarterly screening, and suggests to commissioners that sufficient
provisions should be allocated to STI screening and treatment in a PrEP programme. Results
were presented at both the European AIDS Conference and the International Clinical Trial
and Methodology Conference, and have contributed to a systematic review of STI rates

among PrEP-users conducted by the World Health Organization.

[ showed that HCV incidence was high among PROUD participants, and increased during the
trial. However, HCV risk varied according to reported risk-factors. In the absence of a HCV
epidemic, targeted screening for HCV may be more appropriate than uniform quarterly
screening. This work was particularly important because the HCV risk among MSM on PrEP
in the UK was unknown. Therefore, from a public health perspective, my findings inform the
need for HCV screening, contact tracing and treatment for MSM accessing PrEP. This work

has been submitted to the Journal of Viral Hepatitis.
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1 Background

Since the beginning of the human immunodeficiency virus (HIV) epidemic in the 1980s, men
who have sex with men (MSM) have been disproportionality affected by the disease [1]. A
number of socio-behavioural and biological factors have driven this, including the density
of sexual networks [2]. The success of antiretroviral therapy (ART), introduced in the 1990s,
has resulted in increased life expectancy, and as rates of new HIV infections arising in the
UK MSM population have remained fairly constant this century, prevalence has continued

to rise [3, 4].

1.1 HIV prevention strategies

A range of tools are available to reduce the likelihood of HIV transmission:

Condoms prevent HIV transmission by providing a physical barrier to prevent the
transmission of bodily fluids. Condoms continue to play an important role in the prevention

of HIV and other sexually transmitted infections [5].

Circumcision reduces the surface area for the virus to enter by removing the foreskin of
the male penis. Voluntary medical male circumcision has been shown to reduce the risk of
aquiring HIV in heterosexual men and in MSM who exclusively perform the insertive role in

anal intercourse (Al) [6].

Sero-sorting/sero-positioning is the practice of choosing sexual partners, sexual position

or condom-use based on their partner’s HIV status [7]. For instance, an individual may only
partake in condomless receptive anal intercourse (ncRAI) with a partner who they know to

be HIV-negative.
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Treatment of STIs may reduce HIV transmission by reducing HIV viral load shed by an
individual living with HIV or by reducing the surface area or target cells for HIV acquisition

in an HIV-negative individual [8].

Increase in HIV testing enables individuals to be diagnosed earlier [9]. By knowing their
HIV-positive status, they are likely to adapt sexual behaviour to reduce the likelihood of

transmission.

Treatment as prevention (TasP) involves providing ART to a HIV-positive individual with
the intention of reducing their viral load to undetectable so that they are no longer

infectious [10].

Post-exposure prophylaxis (PEP) is a method which involves taking a combination of ART
for 28 days after a potential exposure to a HIV-positive source [11]. This is an emergency
HIV prevention tool and should be started within 72 hours of a potential exposure in order

to prevent an established infection.

Pre-exposure prophylaxis (PrEP), like PEP, this involves taking a combination of ART

prior to, during and after exposure during periods of HIV risk (Section 1.2).

1.2 Oral pre-exposure prophylaxis

PrEP is a HIV prevention method, used by HIV-negative individuals, which involves taking
one or two antiretroviral drugs, to prevent infection upon exposure to the virus. Truvada is
the most common form of PrEP; this is a co-formulated pill containing two drugs:
emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF). FTC and TDF belong to the
Nucleos(t)ide reverse transcriptase inhibitors (NRTI) class of ART, and work by preventing
the virus from making copies of itself through blocking the enzyme used in reverse

transcription.
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PrEP is most commonly prescribed as a daily pill taken during periods of high HIV risk.
However, high efficacy has also been shown in MSM using an “on-demand” strategy during
the IPERGAY trial (Section 1.3)[12]. This involves taking two pills 24 hours before sex, one

single pill 24 hours later and another pill 48 hours after the first dose.

1.3 Summary of oral PrEP efficacy trials to end of 2016

Since 2010, there have been eight completed oral PrEP efficacy trials, three among MSM
[12-14], two among women in Africa [15, 16], two among heterosexual men and women in
Africa [17, 18], and one in injecting drug users in Thailand [19]. An overview of the eight

oral PrEP trials identified in a review by Nugent and Gilson can be seen in Table 1.1 [20].

The first trial to report benefit in 2010, the iPrEx study, randomised 2499 MSM in four
continents (North America, South America, Asia and Africa) to receive daily oral Truvada
(TDF-FTC) or placebo. They demonstrated a 44% (95% CI: 15-63, p=0.005) reduction in
HIV incidence. However, among a subgroup with detectable study-drug levels, the relative

risk reduction in HIV infections was 92% (95% CI: 40-99) [14].

A further three studies were published in 2012, the Partner’s PrEP study, FEM-PREP, and
TDF2 [15, 17, 18]. The Partner’s PrEP study randomised 4747 serodiscordant heterosexual
couples in Kenya and Uganda to TDF, TDF-FTC or placebo. They showed efficacy of PrEP in
preventing HIV, with 67% (95% CI: 44-81%, p<0.001) and 75% (95% CI: 55-87%, p<0.001)
reduction for TDF and TDF-FTC compared to placebo, respectively [17]. The TDF2 study in
Botswana randomised 1219 men and women to TDF-FTC or placebo and demonstrated a
62% (95% CI: 22-83%, p=0.03) reduction in HIV diagnoses [18]. The FEM-PrEP trial, aimed
to estimate the efficacy of PrEP in heterosexual women. 2120 women in Kenya, South Africa,
and Tanzania were randomised to daily TDF-FTC vs. placebo, however due to low adherence
in this population the study failed to show efficacy (HR=0.94 [95% CI: 0.59-1.52], p=0.81).

Based on the results of the iPrEx and Partner’s PrEP studies, the US Food and Drug
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Administration (FDA) approved daily oral TDF-FTC for use in individuals who are at high

risk of acquiring HIV in July 2012 [21].

The Bangkok tenofovir study, published in 2013, randomised 2413 injection drug users to
receive either TDF or placebo, resulting in a 48.9% (95% CI: 9.6-72.%, p=0.01) reduction in

HIV incidence [19].

In 2015, VOICE, IPERGAY, and PROUD were published. VOICE targeted heterosexual women
in Africa (South Africa, Uganda, and Zimbabwe) and randomised participants to receive one
of five regimens: oral TDF; oral TDF-FTC; oral placebo; vaginal tenofovir (TFV) gel; or
vaginal placebo gel. The results of this trial failed to demonstrate the efficacy of TDF-FTC
(VOICE -4.4% for TDF-FTC, HR=1.04 [95% CI: 0.73-1.49]) due to low adherence, similar to
FEMPrEP [15]. These results conflicted the Partner’s PrEP study which showed a 75% (95%

CI: 55-87) efficacy compared to placebo, and higher level of adherence [17].

The PROUD and IPERGAY trials, both in MSM, were conducted in the UK and France (and
Canada) respectively, and both reported 86% effectiveness [12, 13]. PROUD randomised
544 MSM to receive either daily oral TDF-FTC immediately (IMM) or were deferred
initiation for a further 12 months (DEF) (Section 1.4). IPERGAY assessed the use of an on-
demand regimen, rather than daily. Participants in IPERGAY were randomised 1:1 to
receive TDF-FTC or placebo and were encouraged to take two pills in the 2-24 hours before
sex, one pill 24 hours after the first dose, and the fourth 24 hours later. The median number
of pills taken per-month in each trial arm was 15. For both PROUD and IPERGAY, the
deferred arm within PROUD, and the placebo arm in IPERGAY, were closed early (and
offered PrEP) as a result of the high efficacy of PrEP and the high HIV risk in those not

receiving PrEP.
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Table 1.1: Overview of oral PrEP efficacy trials

Study, year Population Randomisation Trial findings
iPrEx, 2010 [14] 2499 men or transgender Daily oral TDF-FTC vs. 44% (95% CI: 15-63%, p=0.005) reduction in the incidence of HIV
women who have sex with men  placebo compared to placebo

in four continents*

FEM-PREP, 2012 [15]

2120 women in Kenya, South
Africa, Tanzania

Daily TDF-FTC vs. placebo

The HR for HIV acquisition in the TDF-FTC group compared to placebo
was 0.94 (95% CI: 0.59-1.52, p=0.81)

Partners PrEP, 2012 [17]

4747 HIV-1 serodiscordant
heterosexual couples in Kenya
and Uganda

Daily oral TDF-FTC, TDF or
placebo

67% (95% CI: 44-81%, p<0.001) reduction in TDF and 75% (95% CI: 55-
87%, p<0.001) reduction in TDF-FTC compared to placebo

TDF2,2012 [18]

1219 heterosexual men and
women in Botswana

Daily TDF-FTC vs. placebo

62.2% (95% CI: 21.5-83.4%, p=0.03) reduction in HIV diagnoses in TDF-
FTC compared to placebo

Bangkok tenofovir study,
2013 [19]

2413 injection drug users in
Bangkok

TDF vs. placebo

48.9% (95% CI: 9.6-72.2, p=0.01) reduction in HIV incidence in TDF
compared to placebo

VOICE, 2015 [16]

5029 women in South Africa,
Uganda and Zimbabwe

Daily oral TDF-FTC, daily oral
TDF, oral placebo, TFV
vaginal gel, or vaginal gel
placebo

The HR for HIV acquisition in TDF group was 1.49 (95% CI: 0.97-2.29),
1.04 (95% CI: 0.73-1.49) for TDF-FTC group, and 0.85 (95% CI: 0.61-
1.21) for TFV gel group compared to placebo

PROUD, 2015 [13]

544 men or transgender
women who have sex with men
in England

Immediate daily oral TDF-
FTC vs deferred TDF-FTC

86% (90% CI: 64-96%, p=0.0001) reduction in the incidence of HIV in
IMM compared to DEF

IPERGAY, 2015 [12]

400 men who have sex with
men in France and Canada

TDF-FTC vs. placebo before
and after sexual activity

86% (95% CI: 40-98%, p=0.002) reduction in the incidence of HIV in
TDF-FTC compared to placebo

TDF-FTC, tenofovir disproxil fumerate/emtricitabine; TDF, tenofovir disproxil fumerate; Cl, confidence intervals; HIV, human immunodeficiency virus; HR, hazard ratio; p, p-value; TFV, tenofovir. *iPrEx recruited in
Peru, Ecuador, South Africa, Brazil, Thailand and the United States




1.4 The PROUD study

1.4.1 Background

It was clear from iPrEx and the Partner’s PrEP trial that PrEP was effective at preventing
HIV when taken [14, 17]. But these were blinded placebo-controlled trials with monthly
visits and it was very difficult to ascertain what the effect would be in real life, with no

placebo, less frequent support and the knowledge that PrEP reduces HIV.

PROUD was designed as a pragmatic trial to mirror how PrEP could be used in clinic.
Participants were aware of their treatment status because they were randomised to either
receive the drug immediately or after a 12 month delay. The trial was carried out in sexual
health clinics in England, a setting where PrEP was likely to be prescribed if commissioned,
and the eligibility criteria for the trial were broad and reflected the majority of MSM

attending sexual health clinics.

1.4.2 PROUD trial design

The PROUD trial was a randomised controlled trial (RCT) conducted among MSM in 13
sexual health clinics in England. Eligibility criteria specified participants were HIV-negative
according to a routinely used assay, male at birth, aged 18 years or older, attended the clinic
previously, and reported condomless anal sex in the three months prior to enrolment and
stated it likely that this would happen again in the next three months. Participants were
excluded if they had an acute viral illness possibly related to HIV seroconversion, a
contraindication for TDF-FTC or were being treated for hepatitis B. Recruitment ran from
November 2012 to April 2014, and participants were randomised to receive PrEP
immediately (IMM) or after twelve months of follow-up (DEF), the study period referred to
as the deferred phase. Study visits occurred every three months, which involved HIV and
STI tests, risk reduction counselling as well as pill dispensing, and safety monitoring, with

24



creatinine annually for those on PrEP. Participants had an additional visit a month after

initiating PrEP in order to review safety and adherence.

Based on the estimated incidence of HIV amongst MSM attending sexual health clinics, a
trial of 5000 men was required to determine if PrEP would reduce HIV by 50% (with 85%
power and 5% significance). Due to restricted funding, PROUD was set up as a smaller pilot
study to assess the feasibility of the larger trial, with the primary outcomes recruitment and
retention. However, in October 2014, the Independent Data Monitoring Committee (IDMC)
met and subsequently informed the Trial Steering Committee (TSC) of the significantly
increased risk of HIV infection in the DEF arm, and the highly effective reduction in HIV in
the IMM arm. A joint recommendation was made to offer PrEP to all participants including

those that had yet to complete one year of follow-up (n=163).

Every effort was made to continue the trial until PrEP was available on the NHS, but this

was not possible due to lack of funding, and the last visit was in October 2016.

1.4.3 Summary of PROUD results reported in The Lancet

In February 2015, the main results from the deferred phase of the PROUD trial were
presented at the annual Conference for Retroviruses and Opportunistic Infections (CROI)

and later published in The Lancet in September 2015 [13].

544 MSM were randomised, with 275 in IMM and 269 in DEF. Two participants were
enrolled twice (co-enrollers) and were analysed according to their original assignment
(DEF arm). Although negative on a point-of-care test, three HIV infections were
subsequently diagnosed at baseline (two IMM and one DEF respectively). Follow up was
high, with 94% and 90% of the expected person-years of follow-up in the IMM and DEF
group respectively. In the IMM arm, sufficient PrEP was prescribed to cover 88% of the days
during the deferred phase. Over 243 person-years (PY) of follow-up, three infections were

observed in the IMM arm, giving an incidence of 1.2 per 100 PY. Despite a large number of
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PEP prescriptions (n=174), 20 infections occurred over 222 PY of follow up in the DEF arm,
with an incidence of 9.0 per 100 PY. The effectiveness of PrEP was high, with a
proportionate reduction of 86% (90% CI: 64-96). On average, 13 (90% CI: 9-23) men in a
similar population would need to be treated with PrEP for a year in order to avert one

additional infection (number needed to avert [prevent/delay]).

A higher proportion of the IMM arm were diagnosed with at least one bacterial STI during
the deferred phase (IMM 57% vs. DEF 50%). This was attributed to the difference in the
number of STI screens between trial arms (mean: IMM 4.2 vs. DEF 3.6). After adjustment
for the number of screens, there was no difference in STI positivity between the trial arms
for individual STIs or overall (odds ratio (OR)=1.33, adjusted odds ratio (aOR)=1.07 [90%
CI: 0.78-1.46], p=0.74). Six hepatitis C (HCV) infections occurred during the deferred phase;
three in each trial arm. For three participants, injecting drug use was the potential route of

transmission.

All five participants diagnosed with a HIV infection in the IMM arm (two at baseline and
three during follow-up) received a drug resistance test. Of the infections identified at
enrolment or at the four week visit (one participant), two had a mutation at position 184 of
the reverse transcriptase gene (M1841M, M184IVM), possibly selected due to exposure to
FTC. However, there was no resistance mutations detected in the two participants acquiring

HIV later on in the trial, which was expected given their non-adherence to PrEP.

At twelve months, there was no significant difference in the total number of anal sex
partners between the two groups (p=0.57). However, there was some indication that
participants in the IMM arm had a greater number of receptive anal intercourse partners
without a condom (ncRAI) (p=0.03) compared to the DEF arm; 21% of the IMM arm

reported ten or more ncRAI partners vs. 12% in the DEF arm.
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In terms of safety within the IMM arm, 8% (21/275) of participants missed or interrupted
PrEP due to adverse events! (28 distinct episodes); 13 of these were deemed to be related
to Truvada. 20 of the 21 participants restarted PrEP. There were 29 serious adverse events

during the deferred phase within 27 participants, but none were attributed to PrEP.

1.5 Implementation of PrEP in the UK

In September 2014, NHS England (NHSE) convened a group to gather the evidence required
to inform a commissioning recommendation for a national PrEP programme (Table 1.2).
After the PROUD results were presented at CROI in February 2015, the NHSE group
accelerated activities, meeting monthly to assemble the evidence base to present for public
consultation so that the policy could be part of the annual prioritisation exercise in June
2016. However, in March 2016, NHSE unexpectedly announced that HIV prevention was not
their responsibility, but rather that of local authorities’ [22, 23]. After a successful legal
challenge brought by the National AIDS Trust (NAT), NHSE announced that they would fund
a trial of 10,000 individuals on PrEP over 3 years (PrEP Impact trial) [24]. PrEP IMPACT
was designed to assess the eligibility, uptake and duration of PrEP-use in sexual health clinic
attendees in England and 2000 places were reserved for populations other than MSM. The
study began recruiting in October 2017 and quickly filled the places for MSM. The sample

size was revised and increased to 26000 [25].

Although there was no commissioning policy, individuals were able to purchase their own
PrEP from online pharmacies and from September 2015 from NHS trusts via private
prescriptions at a list price of £355.73 for 30 pills [26, 27]. At a similar time, community

activists set up two websites: Prepster to raise awareness about PrEP and I Want PrEP Now

1 An adverse event (AE) is any untoward medical occurrence in a patient or clinical investigation
subject administered a pharmaceutical product and which does not necessarily have a causal
relationship with this treatment.
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to facilitate individuals seeking PrEP online in some cases for prices as low as £19 per month

[28, 29].

PrEP access on the NHS is different for individuals living in Scotland or Wales. Since July
2017, PrEP has been available for those MSM at risk of HIV on the NHS in Scotland [30, 31].
In Wales, PrEP has been made available via the PrEPARED project run from a number of
sexual health clinics. Unlike the PrEP Impact trial, there is no cap on the numbers of

participants enrolled [32].
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Table 1.2: PrEP timeline in the UK (until end of 2017)

Date Event
2004 FDA approved Truvada for treatment of HIV-positive patients [33]
2010 November iPrEx announced results [14]
2012 July FDA approved Truvada for pre-exposure prophylaxis [21]
November PROUD began recruiting [13]
2014 September NHS England (NHSE) convened a group to scope and collate the evidence required to support commissioning of a national PrEP
programme.
October PROUD deferred arm closed and all participants given access to PrEP [13]
2015 February PROUD results presented at CROI [34]
October NHSE evidence review group meet monthly
September PROUD published in The Lancet [13]
NHS Trust private clinic opens at 56 Dean Street [27]
October PrEPster and IwantPrEPNow websites launch [28, 29]
2016 March NHSE stated that HIV prevention was not their remit and rather local authorities responsibility but would fund pilot of 500 men (£2
million) [22, 23]
April NAT legally challenge NHS [35]
May After reconsidering, NHSE confirmed their decision that PrEP was out of their remit
August Judicial review outcome. NHSE appeal, but also launch public consultation
October PROUD follow-up ends
November Judgement upheld: NHSE can provide PrEP [36]
December NHSE announce the PrEP Impact trial - 10,000 individuals to be provided with PrEP over 3 years [24]
2017 April NHS approved provision of PrEP in Scotland [30, 31]
April All Wales Medicines Strategy Group announce Wales will trial PrEP [32, 37]
June FDA approved generic Truvada for PrEP [33]
October PrEP Impact started recruiting [38]




1.6 PrEP recommendations

There have been a number of published clinical guidelines for PrEP initiation (Table 1.3).

In 2016, the World Health Organization (WHO) published guidelines recommending PrEP
for populations with an annual incidence of 3% or higher [39]. This cut-off aims to target
populations where access to PrEP would be cost-effective, or even cost-saving. However,
individual risk of acquiring HIV infection is highly heterogeneous and implementation of

this recommendation, especially on a patient-by-patient basis, is not straightforward.

For MSM, the European AIDS Clinical Society (EACS) guidelines (version 9.0) focus on the
inconsistent condom use with casual partners or HIV-positive partners not on treatment,
regardless of sexual position [40]. The guidelines also suggest that a recent STI, PEP use or
chemsex may be a marker for increased HIV risk. However, a time frame in which these have

occurred is not specified.

The Center for Disease Control and Prevention (CDC) are more explicit in the time-frames
for particular characteristics [41]. They recommend PrEP in MSM reporting receptive or
insertive anal intercourse in the past six months in a non-monogamous partnership and/or

a diagnosis of a bacterial STI in the past six months.

MSM guidelines from the British HIV Association (BHIVA) and British Association of Sexual
Health and HIV (BASHH) did not focus solely on condomless sex in the past six months but
also whether the individual thought it would occur again [42]. Further, guidelines state that
a number of other factors should be considered in combination: bacterial STI diagnosis in
the year prior; PEP use in the year prior; sexual partners of unknown HIV status; and factors
relating to the injection of drugs. Among persons with HIV-positive partners, PrEP should

only be considered if the viral load of the partner is detectable.

30



Table 1.3: PrEP guidelines for MSM

Organisation = Recommendation

WHO [39] Populations with HIV incidence 23%

CDC [41] 1. Anal sex without a condom (receptive or insertive) outside of an
monogamous relationship in past 6 months with a recently tested HIV-
negative man

2. Diagnosed with a bacterial STI in past 6 months

BHIVA [42] 1. Reporting anal intercourse without a condom in the last six months and
likely to occur again

2. HIV positive partner with detectable viral load

3. Or acombination of factors including:
a. Abacterial STI in the previous year
b. PEP use in the previous year
c. High risk sexual behaviour with partners of unknown HIV status

or high HIV risk

d. High riskinjection drug use

EACS [40]

o

Inconsistent condom use with casual partners

2. Inconsistent condom use with HIV-positive partners who are not on
treatment

3. Arecent STI, use of PEP or chemsex

WHO, World Health Organization; HIV, human immunodeficiency virus; CDC, Center for Disease Control and
Prevention; STI, sexually transmitted infection; BHIVA, British HIV Association; PEP, post-exposure prophylaxis;
EACs, European AIDS Clinical Society.

1.7 Clinical monitoring on PrEP within the UK

In 2018, BHIVA/BASHH updated their guidance relating to the use of PrEP [42]. Their
guidance on PrEP initiation has been described in Section 1.6. The recommendations also
include screening for HIV (point-of-care or antigen(Ag)/antibody(Ab) test in the four weeks
prior to PrEP initiation, unless the individual has been at a particularly high risk of HIV
during this period. In this case, a HIV viral load is recommended. BHIVA/BASHH
recommend that STI screening should be carried out for syphilis and at each anatomical site
of sexual exposure (rectal, urethral or oral), in accordance with national guidance [43]. In

addition, hepatitis B (HBV) and C (HCV) screening is recommended at PrEP initiation.

Guidelines suggest a 90-day supply for the first prescription of PrEP, with a follow-up
appointment four weeks later to review adherence and side effects. Daily PrEP is

recommended for all populations at risk of HIV, including MSM, trans-women, and
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heterosexual men and women [12, 13]. In addition, an on-demand regimen can be
recommended to MSM; individuals take two tablets 2-24 hours prior to sex, a third tablet

24 hours later and fourth 24 hours after that [44].

Once the participant has initiated PrEP, regardless of dosing, the guidelines recommend
quarterly follow-up visits where individuals should be screened for HIV, bacterial STIs and

HCV at each visit.

Individuals are recommended to continue accessing PrEP whilst their HIV risk is ongoing.

1.8 HIV diagnoses and incidence in the UK - early signs of an

impact

MSM account for half of the HIV diagnoses in the UK [45], with the number of new HIV
diagnoses remaining relatively constant at around 3000 per year between 2008 and 2015
(Figure 1.1) [4]. During this period, a number of strategies were developed to reduce the
number of HIV diagnoses in this and other populations. Guidelines were introduced for
three-monthly HIV screens for those at high HIV risk [46]. In addition, recommendations
described that individuals diagnosed with HIV, regardless of CD4 count, could access ART
immediately to prevent onward transmission, regardless of CD4 count [47]. Also, PROUD

participants had access to PrEP via the study [13].

In December 2016, four large London sexual health clinics reported up to a 50% reduction
in new HIV diagnoses on social media [48]. In a subsequent letter to The Lancet HIV,
Nwokolo et al. reported that 56 Dean Street (London’s largest sexual health clinic) had seen
an 80% reduction in diagnoses between October 2015 and September 2017 [49].
Nationally, Brown et al. reported that new HIV diagnoses fell by 17% overall between
October 2014-September 2015 and October 2015-September 2016, and by 32% in five

London clinics [50].
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Reductions in diagnoses were attributed to a combination of the HIV prevention efforts
described above, including PrEP [49, 50]. A later report by Public Health England (PHE) in
2018 suggested that the drop in new infections (rather than diagnoses) had been occurring
since 2012 (Figure 1.2), and therefore PrEP was unlikely to have contributed [4, 51].
However, this has been debated since the number of PrEP-users in the UK is unknown [27,
49]. In contrast, a PrEP roll-out programme in New South Wales (Australia), where 90-90-
90 targets were surpassed in 2016, showed a reduction of 25.1% in HIV diagnoses at the
MSM population level, comparing 12 months before and 12 months after PrEP roll-out [27,
52].

Figure 1.1: HIV diagnoses by exposure group from 2017 PHE report (image redacted due
to copyright)

Figure footnote: Figure from Trends in new HIV diagnoses and people receiving HIV-related
care in the UK: data to end of December 2017 Health Protection Report Volume 12 Number 32

[4],
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Figure 1.2: Estimates of HIV incidence in gay and bisexual men from 2017 PHE report
(image redacted due to copyright)

Figure footnote: Figure from Trends in new HIV diagnoses and people receiving HIV-related care in
the UK: data to end of December 2017 Health Protection Report Volume 12 Number 32 [4].

1.9 Focus of thesis

The PROUD study was pivotal in demonstrating the high effectiveness of PrEP for
preventing HIV in MSM. By performing secondary analyses, this thesis addresses a number
of epidemiological and public health questions related to the use of PrEP, not explored in

the primary trial results, with a focus on the methodological issues underlying these.

Given the broad PrEP criteria for initiating PrEP in MSM, and the limited PrEP availability,
Chapter 2 aims to identify MSM at the highest risk of HIV. Looking at the deferred group
before they had access to PrEP provides an opportunity to examine the relative importance
of the recommended eligibility criteria for PrEP, identify any other risk factors and identify

subgroups that are at lower risk of HIV.

A number of other HIV prevention studies have aimed to identify individuals most in need
of PrEP by estimating the number needed to treat (NNT) and the population attributable

fraction (PAF). Considering these, in Chapter 3, I discuss the relevance of such measures for
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PrEP. I make suggestions on the calculation, presentation and interpretation of NNT and

propose an alternative to PAF.

The main results of PROUD indicated that participants in the immediate group were more
likely to obtain a bacterial STI diagnosis compared to those in the deferred arm. However,
this difference was attributed to more frequent clinic attendance in those receiving PrEP. In
Chapter 4, I present methodological considerations and challenges when analysing and
interpreting these data. Given these considerations, I present a re-analysis of the deferred
phase, a new analysis of the deferred and post-deferred phase comparison (when all
participants had access to PrEP), and an analysis of STI incidence over calendar time.
BHIVA/BASHH currently recommend quarterly STI screening for MSM accessing PrEP, and
these analyses provide an opportunity to assess whether the recommended screening

frequency is appropriate.

BHIVA/BASHH also currently recommend quarterly HCV screening for MSM using PrEP,
however, HCV risk among PrEP-users in the UK is unknown. In March 2015, funding was
acquired to screen PROUD participants quarterly for HCV and capture additional data on
HCV risk factors at every visit. Using these data, in Chapter 5, I present estimates of HCV
seroprevalence, incidence and risk factors of acquiring HCV to inform the frequency of HCV

screening for PrEP-using MSM.

A final summary of my work is presented in Chapter 6.
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2 Baseline predictors of HIV incidence among men not

allocated to PrEP in the PROUD study

2.1 Introduction

An important unresolved question for PrEP programmes is eligibility. As the amount of PrEP
available is generally limited, it is important that it is offered to those at the highest risk of
acquiring HIV and not provided to those at negligible risk. This chapter utilises the data from
PROUD to identify baseline predictors of acquiring HIV and to examine the extent to which
these discriminate between individuals at low and high risk. The analysis includes data on
additional HIV infections identified through matching with the national HIV database. This

raises some methodological issues, particularly around censoring, which are discussed.

2.2 Background

An important issue in a PrEP rollout programme is patient eligibility since cost-
effectiveness is critically dependent on HIV incidence in the target population [53, 54]. From
a clinical perspective, the risk:benefit ratio of PrEP may be disadvantageous in individuals
at low risk of HIV infection. For instance, there are specific concerns about renal toxicity,
impact on bone density [55] and developing ART resistance in breakthrough infections [56];

however, studies have shown these are rare [57, 58].

Several organisations have issued PrEP guidelines, which include eligibility criteria for MSM
(Section 1.6) [39-42]. WHO guidelines are the only to specify HIV incidence, and recommend
PrEP in populations with an annual incidence greater than 3% [39]. However, individual
risk of acquiring HIV infection is highly heterogeneous and implementation of this
recommendation is not straightforward. Other PrEP guidelines are based on reported

behaviours or clinical data [40-42]. The central criterion for MSM in all guidelines is
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reported anal intercourse without a condom, although with no explicit reference to the
number of partners or the position (insertive/receptive) of sex. Other criteria include the
use of PEP, a recent diagnosis with a bacterial STI, and a history of sexualised drug use

(“chemsex”).

Uncertainty remains around the optimal eligibility criteria for PrEP, specifically whether
there are subgroups at low risk of HIV for whom PrEP might not be warranted. A literature
review described in this chapter found that a number of studies have considered the risk
factors for the acquisition of HIV infection among cohorts (mainly of sexual health clinic
attenders) in several countries (Section 2.4). Some of these aimed to inform eligibility
criteria for PrEP or identify individuals at particularly high risk of infection who could
potentially be targeted for other HIV prevention strategies. The wait-listed design of PROUD
provides an ideal opportunity to analyse the baseline risk factors for HIV acquisition among

MSM randomised to the deferred group before they had access to PrEP.

2.3 Aims

The aims of this chapter are:

1. Conduct a literature review of predictors of HIV in MSM populations (Section 2.4)

2. Describe the matching process with a national database of HIV diagnoses and
consider how to incorporate censoring in analyses of HIV incidence (Section 2.5.4)

3. Examine the relative importance of the recommended eligibility criteria for PrEP,
identify any other risk factors and identify subgroups that are at a lower risk of HIV
(Section 2.6)

4. Explore whether STI acquisition can be used as a marker for HIV risk (Section 2.7).
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2.4 Literature review: HIV predictors in MSM

This section contains a review of the literature to assess the predictors of acquiring HIV in

the MSM population.

2.4.1 Study selection

[ used a combination of terms to search PubMed for publications which identify predictors
(“incidence”, “incident”, “predict*”, associat*, “risk factor*”) of acquiring HIV (“HIV”, “human
immunodeficiency virus”) in MSM ("men who have sex with men", "MSM", "gay",

"homosexual") (Table 2.1) [59]. The publication date was restricted between Jan 1, 2012

until Dec 31, 2017 i.e. after the year PrEP was approved by the FDA [21].

I reviewed and excluded irrelevant papers using a sequential approach: first reviewing the
titles; then the remaining abstracts; and then the full text. Papers were included if the study:
(1) was set in a high income country (defined as Europe [excluding Eastern Europe], North
America, or Australasia); (2) was a cohort study of HIV-negative individuals; (3) reported
on incident HIV infections; (4) considered predictors of HIV acquisition; or (5) included
individuals who were not receiving PrEP. Cross-sectional studies and studies based on

simulated data were excluded.

Table 2.1: PubMed search terms for HIV predictors in MSM

Topic of interest Location in Search term used
paper
1 MSM Title ("men who have sex with men"[ti] OR
"MSM"[ti] OR "gay"[ti] OR "homosexual"[ti])
2 HIV Title (“HIV” [ti] OR “human immunodeficiency
virus” [ti])
3 Predictors Title (incidence[ti] OR incident[ti] OR predict*[ti]

OR associat*[ti] OR “risk factors”[ti] OR “risk
factor”[ti])

4 Paper published since Date of ("2012/01/01"[PDat]: "2017/12/31"[PDat])
PrEP approved by FDA  publication
(2012)

MSM, men who have sex with men; HIV, human immunodeficiency virus; FDA, Food and Drug Administration

Search used: 1 AND 2 AND 3 AND 4
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[ identified 408 publications. On review of the titles, 324 were rejected, with a further 48
rejected after reviewing the abstract, and 19 rejected upon reviewing the methods section
of the paper (Figure 2.1). The remaining 17 were included in the review [59-75]. An
additional study, not captured by the search criteria, was included because it was
particularly relevant to the aim of this chapter [76]. The iPrEx study was not entirely
conducted in a resource rich setting, however, it is of particular relevance because it was

also a PrEP trial with a no-PrEP arm [76].

Figure 2.1: Flow chart of selection of paper from literature review of HIV predictors
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Risk factors mentioned in the 18 papers identified in the literature review, and which were
also collected by PROUD at baseline, are presented in Table 2.2. Other risk factors, not
collected by PROUD, are discussed in Section 2.4.4. If studies did not report confidence
intervals for incidence estimates, they were calculated using the cii command in Stata. An
association between a predictor and incident HIV infection was considered significant if the
p-value<0.05. Although an arbitrary cut-off, this enabled a systematic approach over the

studies. If a multivariable approach was used, only variables included in the multivariable
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model were considered as predictors, due to the difficulty in comparing the unadjusted and

adjusted effect measures.
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Table 2.2: HIV predictors in MSM (selected papers published between 2012 and 2017)
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Author, year Country 100 PY (95% CI) Sl gl |sEE |8zl 8|2 2 81858 &8I2B|8 &
Bedoya, 2012 [60] USA 2.1(1.9-2.4) -
Beymer, 2016 [59] USA 3.6 (3.1-4.2) _ _ -
Beymer, 2017 [61] USA 2.6 (1.9-3.5)
Buchbinder, 2014 [76] 4 continents** 3.9 (3.2-4.9)
Cheung, 2016 [62] Australia 1.3 (1.0-1.6) Bl el =~ _
Desai, 2017 [63] UK 2.0 (1.8-2.2) : _ -1 -1 - 1B
Ferrer, 2015 [64] Spain 24(19-29) S - - - -
Garofalo, 2016 [65] USA 4.1 (2.8-6.0)
Halkitis, 2015 [66] USA 2.8 (2.1-3.8)
Hoenigl, 2015 [67] USA 2.3%(2.0-2.6)***
Irvin, 2015 [68] USA 3.2 (2.1-4.7) SRR U RN N —
Jin, 2013 [69] Australia 0.8 (0.6-1.0) SR R R S
Kelley, 2015 [70] USA 38(2.6-54) e e o o SR
Meireles, 2015 [71] Portugal 28(19-41)  FREE . S
Pathela, 2017 [72] USA 2.4 (2.2-2.7) _ - _ _ _
Schilder, 2014 [73] Canada 5.8%(3.3-9.2)%* .- SR e -
Smith, 2012 [74] USA 1.3%(1.2-1.5)% ol Wl Wl Wl B
Sullivan, 2015 [75] USA 3.8 (2.6-5.4)

HIV, human immunodeficiency virus; PY, person-years; Cl, confidence intervals; ncAl, anal intercourse without a condom; ncRAI, receptive anal intercourse without a condom; nclAl, insertive anal intercourse
without a condom; STIs, sexually transmitted infections; PEP, post-exposure prophylaxis; USA, United States of America; UK, United Kingdom

*Poppers, methamphetamine or erectile dysfunction medication, ** North America, South America, Africa and Asia, ***Proportion with infection, incidence not presented.

Shaded grey indicates that the characteristic was observed as being associated with HIV, --- indicates that the characteristic was not explored as a potential HIV predictor.




2.4.2 HIVincidence

Twelve of the studies were based in North America [59-61, 65-68, 70, 72-75], two were in
Australia [62, 69], and three in Europe (UK, Spain and Portugal) [63, 64, 71]. iPrEX was an
exception because it was an international clinical trial based in four continents (North
America, South America, Africa and Asia) [76]. HIV incidence varied widely between studies,
ranging from 0.8 per 100 PY (95% CI: 0.6-1.0) to 4.1 per 100 PY (95% CI: 2.8-6.0) [65, 69].
Three studies did not report the incidence, and instead reported the percentage of
participants who acquired HIV over follow-up (1.3% [95% CI: 1.2-1.5] and 2.3% [95% CI:

2.0-2.6] in USA and 5.8% [95% CI: 3.3-9.2] in Canada) [67, 73, 74].

2.4.3 Statistical methodology

The fact that different studies used different definitions of variables (e.g. STIs, number of
partners etc.) and collected information over different time frames (the previous 3 months,
6 months etc.) complicates the comparison of studies (Table 2.2). For instance, Buchbinder
et al. did not specify how they defined a self-reported STI [76], whereas Beymer et al.

distinguished between chlamydia, gonorrhoea and syphilis [59].

17 of the 18 studies used either Poisson or Cox proportional hazard models to compare HIV
risk according to reported characteristic [59-73, 75, 76], with one using propensity-score-
weighted Cox regression [70]. In contrast, Smith et al. developed a risk score by fitting a
logistic regression model with cumulative incidence as the outcome and scaling the
coefficients to develop a scoring system [74]. Fifteen studies used multivariable analyses to
account for confounding, although the factors adjusted for varied by study [59-61, 63-68,
70-74, 76]. Ten studies used time-updated techniques to account for possible changes in
risk factors within individuals [60, 62, 64, 65, 67-70, 74, 75]. Two studies collected

longitudinal data but combined the time-varying data into composite variables from a
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number of time points [71, 72]. The remaining six studies analysed HIV risk according to

factors collected at study enrolment [59, 61, 63, 66, 73, 76].

Population attributable fraction (PAF) was used in four studies to illustrate those who
would most benefit from a HIV prevention strategy [62, 63, 70, 76]. Buchbinder et al.
combined PAF with number needed to treat (NNT) and argued that PrEP should be focused
towards populations with factors that predicted a high PAF and low NNT [76]. These

epidemiological measures are discussed further in Chapter 3.

2.4.4 HIV predictors identified

Seven studies found that the recent history of an STI was associated with HIV risk [61-63,
67, 70-72]. Fourteen studies identified an association with at least one sexual behaviour:
total number of partners [59, 61, 64, 72, 74]; condomless anal intercourse (ncAl) [62, 64,
71, 72, 75]; condomless receptive anal intercourse (ncRAI) [59, 61, 67, 72-74, 76];
condomless insertive anal intercourse (nclAl)[72]; and ncAl with a HIV-positive or

unknown HIV status partner [60, 64, 65, 67, 68,71, 72, 74].

Younger age was associated with a higher HIV risk in four studies [59, 72, 74, 75]. Seven
studies identified a relationship between ethnicity or place of birth and HIV acquisition;
black, Asian, and minority ethnicities (BAME) or participants born in a foreign country
(according to the area of study) were at a higher risk [59, 60, 64-66, 75]. Drug use, whether
sex related or injecting, was found to be associated with HIV in five studies [59, 60, 62, 64,
74]. Three studies found an increased risk among participants screening more frequently
for HIV [64, 65, 71]. Other studies reported an association with PEP use [62], education [73,
75] and the location of the attending clinic or residence [63, 75]. One study considered the

effect of circumcision, but found no protective effect [75].

Some predictors of HIV which were not collected by PROUD at baseline were identified.

Several were based on the participant’s sexual partner’s demographics or behaviour,
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including: ethnicity of partner [59, 75]; age of partner or age difference compared to
participant [59, 69, 75]; concurrency of partner [65]; and ncRAI with a partner who injects
drugs [67]. Other factors relating to the participant themselves were: childhood abuse [73];
age at sexual debut [66]; intimate partner violence [61]; health insurance (or lack of) [75];

and economic status [66].

2.4.5 Summary

Analyses of risk factors for the acquisition of HIV infection among cohort studies (sexual
health clinic attenders) have been conducted in several countries. Risk factors ranged
between demographic, clinical, and sexual. These factors included reporting a history of
STIs, ncRAI ncAl with a partner who was HIV-positive or unknown HIV status, and being
BAME or from a foreign origin. It was not possible to combine the information collected in
studies because studies had used such different definitions, and therefore, it was difficult to

ascertain the most important parameters.

The generalisability of these analyses is questionable for ascertaining PrEP eligibility since
not all individuals within these studies would be interested in taking PrEP or knew their
PrEP status (i.e. iPrEX). The wait-listed design of PROUD provides an ideal opportunity to

identify risk factors for HIV in MSM seeking PrEP.

2.5 Methods

Details on PROUD eligibility and randomisation were described in Section 1.4.

2.5.1 Baseline questionnaire

At enrolment, participants self-completed a questionnaire on: demographic characteristics,
including age, education, employment, country of birth, whether they had been circumcised,

and relationship status; sexually transmitted infections, use of post-exposure prophylaxis
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(PEP) and the number of HIV/STI screens in the previous twelve months; and sexual
behaviour in the previous three months (Appendix 3). Sexual behaviour included the use of
poppers and chemsex-associated drugs (defined in the footnote of Table 2.9) and the
number of anal sex partners (total, receptive sex, insertive sex, receptive/insertive sex
without a condom, receptive/insertive sex without a condom and partner known to be HIV-

infected).

Questionnaires were sent to the Medical Research Council Clinical Trials Unit at UCL (MRC

CTU at UCL) for data entry.

2.5.2 HIV testing

HIV tests were performed at each follow-up visit, which were scheduled to occur every
three months, structured to mirror the frequency of sexual health clinic visits for those at
high risk of HIV transmission [46]. HIV infection was defined as a reactive HIV Ag-Ab test
result (confirmed by the detection of HIV RNA) in participants who were HIV-negative at

enrolment.

2.5.3 Deferred phase

Originally, PrEP was planned to be offered to participants randomised to the DEF arm at the
twelve month scheduled visit. However, in October 2014, based on an interim efficacy
analysis, the IDMC recommended that all participants should be offered PrEP. Due to the
change in protocol, the analyses comparing the HIV incidence between the two arms needed
to be adapted to make the time comparable. In general terms, the deferred phase is defined
as the period in which individuals randomised to the IMM group have access to PrEP and
the DEF group do not. The deferred phase for each participant (including those in the IMM

arm) was defined as the interval between randomisation and the first HIV test after 48

46



weeks or after 13 October 20142 at one of the PROUD clinics, whichever time point was the
earliest. This time-point represents the earliest time when participants randomised to the
deferred arm were able to access PrEP via the trial. The main PROUD publication was based

on this definition of the deferred phase.

Loss to follow-up (LTFU) in the trial was low during the deferred phase, with HIV status
defined in 89.2% (485/544) of participants [13]. However, as the trial went on, this became
more of a concern, with clinics only able to confirm HIV status for 72.8% (396/544) of
PROUD participants at the end of the trial3. We therefore performed matching with the
Public Health England (PHE) national database of new HIV diagnoses (performed by Peter
Kirwan), which collects information on all new diagnoses in England, Wales and Northern
Ireland (and Scotland annually), to ascertain HIV diagnoses not already identified through

the PROUD clinics as part of the trial procedures [77].

2.5.4 Public Health England (PHE) matching

PHE matching exercise

Matching was performed twice: the first in September 2016 and again in the following year
(September 2017), using The HIV and AIDS Reporting System (HARS) dataset, which, in
principle, contained complete HIV diagnoses until the end of 2015 and 2016, respectively.
The data sent to PHE included: soundex?; initials; date of birth (DOB); clinic number; PROUD
site; last date of HIV screen in PROUD; and gender. In September 2016, information was
sent on participants who had not attended a PROUD study visit in the previous six months

(n=181). In order to assess the validity of the process, information on individuals who were

2 The date when the decision to close the deferred arm was communicated to the site Principle
Investigators

3 Defined as either HIV-positive at any point during the study or a negative test from March 2016
onwards.

4 Soundex is a four digit string which is composed of the first letter of the surname along with three
numbers based on the phonetic spelling of the surname.
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known to have acquired HIV during the study were also sent (n=32 at this point), although
the HIV-status was not indicated to PHE. In the September 2017 dataset, data were sent on
all participants other than those who had tested positive during the trial and a few
participants whose HIV status was inconsistent between the results obtained from the 2016

matching and information given by PROUD clinics.

Table 2.3 describes the thirty-nine matches identified between PROUD and PHE. Thirty
participants matched on all identifiers and nine participants matched on three or more
variables. At the time of the first matching, soundex was missing for a proportion of
participants but, after querying with clinics, this was rectified for the second match. In the
PROUD database, the last initial did not always correspond to the first letter of the soundex.
This was presumably due to double-barrel surnames or different initial recording (e.g. Ellen
Marie White as EMW or Ellen White-Holmes as EWH), as participants did not always have
consistent surnames or initials across clinical records. However, this was not a concern for
the PHE matching exercise as combinations of different initials and soundex were
considered in the matching exercise (e.g. E W300, EH, EWH). In the event an infection was
identified by PHE but unknown to PROUD, reporting clinics were asked to confirm the date
of diagnosis and provide a date of their last negative test. These details were then added to
the PROUD database by the team at MRC CTU.

Table 2.3: Matching identifiers for individuals acquiring HIV between PHE data and
PROUD

Matching identifiers Number of infections

Known to Identified by
PROUD PHE

Soundex, DOB, first initial, sex 25 5
DOB, first & last initials, sex
DOB, date of HIV test, last initial, sex

3
2

First & last initials, sex, clinic number 1 -
Soundex, month & year of birth, first initial, sex 1
1

Soundex, DOB, sex
DOB, firstinitial, middle initial matched to surname initial, sex 1

PHE, Public Health England; soundex, encoded surname; DOB, date of birth; HIV, human immunodeficiency virus
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A total of 33 infections were identified through trial follow-up procedures: 11 in the IMM
arm and 22 in the DEF group; three of these were reported at baseline (2 IMM and 1 DEF).

Matching to the PHE database was successful for all 33 cases.

In addition, PHE identified an additional six participants who appeared to have
seroconverted during the trial (3 IMM, 3 DEF). After liaising with the sexual health clinics,
it was confirmed that all but one were in fact PROUD participants (2 IMM, 3 DEF) (Table
2.3). The discrepant match was based on a partial match: DOB; sex; first initial; and the
middle initial matching the last initial. However, the reporting clinic was contacted by the
PROUD team and stated that this was not the same participant. The second matching
exercise in 2017 also identified this infection as a potential match, and was again checked

and refuted by the clinic.

Assigning HIV infections to trial phase

Inclusion of PHE data complicates the definition of the deferred phase for two reasons: (1)
the definition of the deferred phase was defined by the date of HIV screens (positive and
negative) in the trial. Unfortunately, PHE were unable to provide a history of the
participants’ screening prior to diagnosis. We attempted to rectify this by asking reporting
clinics to provide the date of the participants’ last negative HIV screen, but clearly, this did
not provide a full testing history. (2) The definition of the deferred phase was driven by the
assumption that participants had access to PrEP if they received a HIV screen after week 48
or October 2014. However, given that some screens had occurred at a clinic not involved in
PROUD, this was not always the case. Despite these considerations, infections identified by
PHE were attributed to the deferred/post-deferred phase using the same approach as the

original analysis.

A final 38 participants were thought to have acquired HIV during the course of PROUD. This
meant that, according to the deferred phase definition, there was an additional infection in

each arm during the randomised period compared to that reported in the main Lancet paper
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(one due to a late diagnosis and one via the PHE matching), giving a total of 4 in IMM and
21 in DEF (Table 2.4) [13]. In the post-deferred phase, seven infections were identified in
IMM and three in DEF. However, the analysis of predictors of incident HIV infection
presented in this chapter is based on the deferred phase. HIV infections occurring during
the post-deferred phase are not analysed as part of this thesis and have been presented

elsewhere [78].

Table 2.4: Total HIV infections by phase and trial arm, according to PHE matching

Total HIV infections in PROUD

Immediate arm Deferred arm
Phase Total Known to Identified Total Known to Identified
PROUD by PHE PROUD by PHE
Baseline 2 2 0 1 1 0
Deferred 4 4 0 21 20 1
Post-deferred 7 5 2 3 1 2

HIV, human-immunodeficiency virus; PHE, Public Health England

Incorporating PHE matching into HIV incidence calculation

Incorporating individuals who were LTFU in the analysis is not straightforward.
Incorporating only those individuals identified as positive introduces bias into the analysis
because the denominator does not account for the individuals who remained HIV-negative
(which is the majority). The PHE matching exercise identified additional HIV infections that
are included in the numerator of estimates of HIV incidence. However, it is imperative to
also inflate the denominator to account for the additional follow-up. As discussed above,
this is challenging since the definition of the deferred phase is based on the assumption of

access to PrEP (Section 2.5.3).

Table 2.5 and Figure 2.2 presents five different approaches for defining censoring at the end
of the deferred phase for participants LTFU. The aim was to identify the strategy that
avoided disproportionate weighting of those LTFU by censoring these individuals at a

comparable time-point to those remaining in the trial. Considering the strengths and
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limitations of each, I decided strategy 3 was the most appropriate. Therefore, in the analysis
presented in Section 2.6, follow-up was censored at the first visit either when a participant
was actually offered PrEP (if they remained in follow-up) or when a participant would have

been offered PrEP within the trial (if they experienced early loss to follow-up).

Figure 2.2: Censoring approaches for the deferred phase for PROUD participants LTFU
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Figure 2.3 demonstrates the censoring dates during the deferred phase according to these
rules. As described in Table 2.5, this illustrates the individuals LTFU and remaining HIV-
negative (black crosses) are likely under-represented in the denominator because they are
censored at the earliest date they could have accessed PrEP (if they had continued to attend
PROUD clinic). Whereas, those returning to a PROUD clinic later than intended are likely
over-represented because they are censored at the date they returned, rather than the

earliest date they could have accessed PrEP.

Figure 2.3: HIV infection and censor dates identified by PROUD and PHE
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Figure legend: Line intersecting the y-axis denotes October 2014, when all participants had
access to PrEP. Line intersecting the x-axis denotes 48 weeks after randomisation.
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Table 2.5: Comparison of censoring approaches for the deferred phase for PROUD participants who were LTFU

Method Description Discussion
1 Censor at the last HIV test Strengths:
during the deferred phase -: Reflects analysis in the main Lancet paper
-: Can be sure that individuals were actually in HIV prevention care and receiving HIV testing
Weaknesses:
-: Is based only on HIV testing, therefore excludes individuals who did not test for the rest of the study
-: Ignores PHE matching HIV-negatives buts incorporates the positives identified, therefore incorporating bias
2 Censor at week 48 - when Strengths:
participants thought they -: Incorporates participants who were LTFU
were eligible for PrEP based Weaknesses:
on the information given at -: Participants could have got PrEP much earlier than week 48, therefore gives a larger weighting to participants who were LTFU
enrolment
3 Censor at week 48/0October Strengths:
2014 - when participants -: Incorporates participants who were LTFU
were eligible for PrEP base on  -: Reflects the follow-up in the deferred phase for participants who continued to attend
the changed in protocol in Weaknesses:
October 2014 -: Censoring at this date might be weighting the LTFU group too small as this is the earliest opportunity they could have received
PrEP
4 Censor at the end of 2014 - Strengths:
when most participants -: Incorporates participants who were LTFU
should have attended clinic for -: Reflects the time that it takes for participants to return to clinic for PrEP given the change in the protocol
PrEP if they wanted access Weaknesses:
-: Participants could have got PrEP much earlier than the end of 2014, therefore gives a larger weighting to participants who
were LTFU
5 Censor at the end the trial Strengths:

(October 2016) for
participants who did not
attend clinic once eligible for
PrEP

-: Incorporates participants who were LTFU

-: Reflects the period in which the LTFU did not have access to PrEP as they had not returned to a PROUD clinic to obtain drug
Weaknesses:

-: Censoring at this date weights the LTFU group to big as could have up to four years of follow-up

-: This period does not reflect the (approximately) year long period after the participant as considered to be at high sexual risk
and therefore might not be particularly useful in informing whether someone needs access to PrEP.

HIV, human immunodeficiency virus; PHE, Public Health England; PrEP, pre-exposure prophylaxis; LTFU, lost-to-follow-up.




2.5.5 Statistical analysis

Within the DEF arm, HIV incidence was compared between different subgroups according
to baseline data during the period they did not have access to PrEP. For participants who

acquired HIV, date of infection was taken to be the date of the first reactive test.

In addition, two participants enrolled twice in the trial (first to DEF and then to IMM). In the
main analysis, their entire follow-up was assigned according to their original randomisation
allocation (intention to treat); in the present analysis, their follow-up is censored on the
date of second randomisation (when they were offered PrEP) [13]. For the small number of
cases (n=9) where PrEP was initiated just before the end (typically, a few days) of their
defined deferred phase, follow-up was censored at the date of PrEP initiation. This occurred
when a participant had a HIV test just before PrEP initiation but the HIV test did not fit the
criteria for deferred phase because it occurred just before week 48 or the 13t October 2014.

These censoring strategies are presented in Table 2.6.

Table 2.6: Censoring method for HIV incidence analysis

Description of Censored: n
testing/follow-up
HIV test after eligible for PrEP Date of PrEP eligibility (first HIV test after week 205

48/0ctober 2014)
HIV-positive during deferred Date of first positive test result 21
phase
Last HIV test before eligible for Date of PrEP eligibility (week 48/0October 2014) 19
PrEP
Last HIV test at baseline Date of PrEP eligibility (week 48/October 2014) 12
Initiated PrEP before eligible Date of PrEP initiation 9
Co-enrollers Date of randomisation to IMM arm
HIV-positive at baseline Excluded from analysis
Total 269

n, number of participants; HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis; IMM, immediate

The number of sexual partners in the three months prior to enrolment was categorised as
0,1,2-4,5-9,10-19, 20+. Grouping continuous variables in this way was deemed acceptable
due to the clear rounding by participants (Section 2.6.1, Figure 2.4). HIV incidence was

calculated stratified by rectal chlamydia, rectal gonorrhoea and syphilis infection in the
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twelve months prior to enrolment. Rectal infections are associated with risky sex, and
syphilis is associated with mixing in risky networks, usually including HIV-positive
individuals. Therefore, rectal infections and syphilis may provide a useful measure of HIV
risk; this is subsequently referred to as “key STI”. The effects of oral and urethral infections

were also considered by excluding those reporting a key STI.

For each baseline characteristic, incidence was calculated as the total number of HIV
infections divided by the total person-years of follow-up. Ideally, given a very large sample,
a multivariable model would be fitted to identify those subgroups at the highest risk;
however, due to the small number of HIV infections during PROUD, this was not feasible.
Exact Poisson models (expoisson command in Stata) were fitted to the data, and reference
groups were chosen to be the category with the most person-years in order to have the most
stable estimates of the rate ratio (RR). midp option in Stata was specified in order to give
mid-p values and confidence intervals for RRs [79]. For ordered categorical variables, the
p-value presented is for trend. The upper 97.5% confidence limit was presented when a
category had no HIV infections. To assess whether the HIV rates changed over follow-up
(due to attrition/losing the high risk individuals), a Weibull model was fitted and compared

against an exponential model.

Given the small number of HIV outcomes, an additional analysis explored the use of key STI

diagnosis as a proxy for HIV risk. This is described in Section 2.7.

2.6 Results

2.6.1 Participants

Five hundred and forty four individuals were randomised to PROUD. The deferred arm
included 269 participants who were due to access PrEP after a deferral period of 12 months.

268 participants from the DEF arm were included in the analysis; one participant was
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excluded from the analysis due to a reactive HIV Ag-Ab test at enrolment, despite a non-
reactive point-of-care test. Baseline questionnaires were not completed by two individuals
and responses were occasionally missing for some questions for others (maximum 6.3%

missing, Table 2.9, footnote).

Atenrolment, median age was 35 years (interquartile range (IQR): 28-41), 40.2% were born
outside the UK, 69.8% were recruited through a London clinic, and 55.1% identified
themselves as single (Table 2.9). In the previous twelve months, 39.5% reported they had

been diagnosed with a key STI, and 36.7% had received at least one PEP prescription.

There was wide variability in the reported number of anal sex partners in the three months
prior to enrolment. Participants appeared to round the number of sexual partners to
multiples of 3 and 10, especially for high values (Figure 2.4). 9.2% reported a single partner,
while 27.5% reported 20 or more, with a median of 10 (IQR: 4-20). A high proportion
reported ncRAI, as expected in light of the inclusion criteria; 87.5% at least once and 11.7%
reported 10 or more such partners. Insertive anal intercourse without a condom (nclAlI)

was also common and was reported by 85.5% of participants.

Figure 2.4: Distribution of total number of sexual partners reported in three months prior
to enrolment
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2.6.2 HIVincidence

20 HIV infections were directly identified in the DEF arm during the deferred phase. In
addition, the PHE matching exercise identified one additional HIV infection that had
occurred in this group during this period (Section 2.5.4). For individuals who were LTFU,
matching with PHE provided an additional 19.4 person-years of follow-up from 31

participants who were HIV-negative at the end of PROUD.

Overall, 21 participants acquired HIV infection over 239.3 person-years (PY) follow-up,
yielding an incidence rate of 8.8 per 100 PY (95% CI: 5.4-13.4). Figure 2.5 illustrates the
interval between the last negative and the first positive HIV test. During the relatively short
period of follow-up, HIV incidence increased (shape parameter (Weibull model)=1.4 [95%
CI: 0.9-2.1]), although, this change was not statistically significant (p=0.13). However, there

may not have been sufficient power to detect changes, due to the low number of infections.

Figure 2.5: Time between last negative and first positive HIV tests for incident HIV
infections

0 12 24 36 48 60 72 84
Weeks since enrolment

Figure legend: Left bound for each HIV case represents last non-reactive HIV test; right bound
represents first reactive HIV test. The dotted line represents time when participants in the
deferred group became eligible for pre-exposure prophylaxis under the original protocol
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2.6.3 HIVrisk factors: STIs and number of sexual partners

The diagnosis of a key STI in the previous 12 months was a highly significant predictor for
HIV acquisition. The incidence rate in this subgroup was 17.2 per 100 PY (95% CI: 9.7-28.5),
4.8-fold higher (95% CI: 1.8-14.9) than the rate for men without such a diagnosis. Table 2.7
shows HIV incidence according to the specific STI that was diagnosed. The rate was the
highest among participants reporting syphilis (HIV incidence 20.8 per 100 PY [95% CI: 6.8-
48.6]), although incidence was high amongst individuals reporting any of the three key STIs.
Table 2.7 also shows that HIV incidence was relatively low amongst participants reporting

an oral or urethral STI (without a rectal STI), although estimates are very imprecise.

Table 2.7: Associations between STIs and HIV incidence rate

Participant HIV Incidence
p PY infections  rate (per 95% CI
s, n(%)
,n 100 PY)

Rectal CT/GC or syphilis
(key STI) 101 (39.4) 87.0 15 17.2 9.7-28.5
Syphilis 30 (11.7) 24.0 5 20.8 6.8-48.6
Rectal CT/GC 83 (32.4) 72.9 12 16.5 8.5-28.8
Rectal CT 56 (21.9) 49.8 8 16.1 6.9-31.6
Rectal GC 62 (24.2) 54.0 8 14.8 6.4-29.2
Excluding participants reporting rectal infection or syphilis
Pharyngeal infection 25 (16.1) 23.5 0 0 0-15.7*
Urethral infection 33(21.3) 30.6 1 3.3 0.08-18.2

n, number of participants; PY, person years; HIV, human immunodeficiency virus; CI, confidence interval; CT, chlamydia;
GC, gonorrhoea STI, sexually transmitted infection;
*one-sided, 97.5% confidence interval

The other strong predictive factor was the number of self-reported anal sex partners in the
previous 90 days. In general, for each type of sexual behaviour, as the number of partners

increased, so did the HIV risk (Table 2.8).

Although the clearest gradient in risk was seen for the number of partners when the
participant was receptive without a condom, these variables are highly correlated and
therefore the effects are difficult to separate. A threshold effect was evident, with HIV risk
sharply elevated for men reporting two or more ncRAI partners; HIV incidence in this

subgroup was 13.6 per 100 PY (RR=4.6 [95% CI: 1.5-19.8]), compared to 2.9 per 100 PY
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[95% CI: 0.6-8.6] for those with one or fewer ncRAI partners. 31 participants reported the
only condomless sex they had was insertive, none of whom acquired HIV during follow-up
(95% CI: 0-12.3 per 100 PY). Although, it is important to note that these analyses are based

on small numbers.

Whilst there was a threshold effect for HIV risk in participants reporting two or more ncRAI
partners, the relationship for total number of partners and nclAl was not as clear (Table
2.8). For instance, individuals reporting only one sexual partner were at a higher risk of HIV
compared to those reporting 2-4 partners (4.5 vs. 0 per 100 PYs). In addition, individuals
reported zero nclAl partners were at a higher risk compared to those reporting 1, 2-4 and
4-9 partners (10.2 vs. 4.8, 4.1 and 8.1 per 100 PY, respectively). This suggests that the

relationships with HIV risk were possibly driven by other sexual behaviour, such as ncRAL

The diagnosis of a key STI in the year prior to enrolment was closely related to the number
of reported ncRAI partners, for those with 0, 1, 2-4, 5-9, and 10+ partners, 23%, 31%, 40%,
55%, and 67% reported a key STI in the previous year, respectively (Figure 2.6). In a
bivariable model that included both ncRAI and key STI, the relative risk estimates for two
or more ncRAI partners attenuated (RR 4.6 to 2.9) but the estimate for the diagnosis of a
key STI was largely unchanged (RR 4.8 to 4.7). All but one> (20/21, 95%) of the HIV
infections occurred among the 177 participants who reported either a key STI or ncRAI with
two or more partners; the person-years observed in the group reporting either of these
characteristics comprised 63.4% (151.6/239.3) of the overall follow-up. The incidence rate
among participants lacking both of these risk factors was 1.1 per 100 PY (1/87.6, 95% CI:

0.02-6.4).

515 participants were missing data for the composite variable of ncRAI and key STI. Permutations
of this were: ncRAI value- key-STI value (N. participants, N. participants with HIV diagnosis): N-? (4,
0),?-N (6,1), ?-? (5, 0). Details in Appendix 5.
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Figure 2.6: Relationship between number of sexual partners and key STI reported at
baseline

—A— Total partners
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2.6.4 HIV risk factors: other variables

There was an indication that HIV risk varied according to the number of HIV tests in the
year prior to enrolment (p=0.13); participants reporting five or more HIV tests showed an
increased risk compared to those reporting the recommended quarterly screening
frequency (p=0.08). Non-significant trends in the expected direction were seen for other
variables, including PEP use, use of chemsex drugs, the number of HIV/STI screens, and age
(younger men at higher risk), Table 2.9. Participants in full-time employment were at higher
risk of HIV compared to those not in full-time employment. There was no evidence of an
effect of the location of the clinic (London vs. non-London), or whether the participant was

born in the UK, although these are widely perceived to have an impact on HIV risk.

Participants in a relationship but who were not cohabiting were at a lower risk of HIV
infection than either single men or men in a cohabiting relationship, although this difference

was not significant (p=0.47 and p=0.32 respectively).
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Table 2.8: HIV incidence by sexual partners at baseline

Incidence

Characteristic Par;nc(lol/:);;nts, Tg?l inf::It‘ilons rate (per 95% CI RR 95% CI vaﬁ;e*
100 PY)
Number of Al partners 1 24 (9.2) 223 1 4.5 0.1-24.9 0.3 0.01-1.7 0.01
2-4 47 (17.9) 41.7 0 0 0-8.9** 0.1 0-0.5**
5-9 49 (18.7) 43.8 4 9.1 2.5-23.4 0.6 0.2-1.8
10-19 70 (26.7) 61.7 6 9.7 3.6-21.2 0.6 0.2-1.7
20+ 72 (27.5) 63.4 10 15.8 7.6-29.0 1.0
Number of IAI partners 0 23(8.9) 19.7 2 10.2 1.2-36.7 1.3 0.2-7.1 0.12
1 45 (17.5) 41.4 2 4.8 0.6-17.4 0.6 0.1-3.4
2-4 55(21.4) 48.6 2 4.1 0.5-14.9 0.5 0.1-2.9
5-9 54 (21.0) 49.6 4 8.1 2.2-20.6 1.0
10-19 45 (17.5) 379 5 13.2 4.3-30.8 1.6 0.4-6.8
20+ 35 (13.6) 32.2 5 15.5 5.0-36.2 1.9 0.5-8.1
Number of RAI partners 0 18 (7.0) 17.7 0 0 0-20.8** 0.6** 0-3.7** 0.02
1 40 (15.5) 37.2 2 5.4 0.7-19.4 0.8 0.1-4.4
2-4 68 (26.4) 58.2 4 6.9 1.9-17.6 1.0
5-9 47 (18.2) 42.2 2 4.7 0.6-17.1 0.7 0.1-3.9
10-19 62 (24.0) 54.1 9 16.6 7.6-31.6 2.4 0.8-9.0
20+ 23 (8.9) 20.1 3 14.9 3.1-43.6 2.2 0.4-10.5
Number of ncIAl partners 0 37 (14.5) 323 3 9.3 1.9-27.2 2.9 0.4-24.3 0.03
1 69 (27.1) 62.3 2 3.2 0.4-11.6 1.0
2-4 65 (25.5) 60.5 3 5.0 1.0-14.5 1.5 0.2-13.0
5-9 50 (19.6) 42.3 6 14.2 5.2-30.8 4.4 0.9-31.8
10+ 34 (13.3) 30.0 6 20.0 7.3-43.6 6.2 1.3-44.9
Number of ncRAI partners 0 32 (12.5) 29.8 1 3.4 0.1-18.7 1.2 0.04-16.0 0.01

Table continued on following page



1 78 (30.5) 72.5 2 2.8 0.3-10.0 1.0
2-4 81 (31.6) 68.7 8 11.6 5.0-22.9 4.2 1.0-29.1
5-9 35 (13.7) 30.9 5 16.2 5.3-37.8 5.9 1.2-43.7
10+ 30 (11.7) 25.7 4 15.6 4.2-39.9 5.7 1.0-44.1
Number of nclAI HIV +ve partners 0 142 (58.2) 128.0 9 7.0 3.2-13.4 1.0 - 0.04
1 49 (20.1) 45.2 2 4.4 0.5-16.0 0.6 0.1-2.6
2-4 27 (11.1) 24.0 5 20.9 6.7-48.7 3.0 0.9-8.9
5-9 16 (6.6) 11.4 2 17.5 2.1-63.2 2.5 0.4-10.4
10+ 10 (4.1) 9.1 2 22.0 2.7-79.4 3.1 0.5-13.1
Number of ncRAI HIV +ve partners 0 141 (57.8) 128.1 9 7.0 3.2-13.3 1.0 0.03
1 58 (23.8) 50.5 3 5.9 1.2-17.4 0.8 0.2-3.0
2-4 23 (9.4) 19.9 3 15.1 3.1-44.2 2.2 0.5-7.6
5-9 14 (5.7) 10.7 4 37.4 10.2-95.7 5.3 1.4-17.0
10+ 8(3.3) 7.4 1 13.4 0.3-74.8 1.9 0.1-11.6

9

n, number of participants; PY, person years; HIV, human immuno-deficiency virus; CI, confidence interval; RR, rate ratio; Al, anal intercourse; IAl, insertive anal intercourse; RAI, receptive anal
intercourse; nclAl, insertive anal intercourse without a condom; ncRAI, receptive anal intercourse without a condom;

Missing data (Total, events lost due to missing exposure data) for Al (6, 0); IAI (11, 1); RAI (10, 1); nclAI (13, 1); ncRAI (12, 1); ncIAl with HIV +ve partner (24, 1); ncRAI with HIV +ve partner
(24, 1).

*p-value for trend

**one-sided, 97.5% confidence interval




Table 2.9: HIV incidence by baseline characteristics

HIV Incidence

€9

Characteristic Partic(io;/:snts, n Total PY infectio  rate (per 95% CI RR 95% CI vaﬁ;e*
ns 100 PY)

Total 268 (100.0) 239.3 21 8.8 54-13.4 -

Age, years 18-24 27 (10.1) 24.6 3 12.2 25-35.7 14 0.3-4.8 0.26
25-34 104 (38.8) 94.5 9 9.5 44-181 1.1 0.4-2.8
35-49 116 (43.3) 101.0 9 8.9 41-169 1.0
50+ 21 (7.8) 19.1 0 0 0-19.3** 0.4 0-2.1%

University degree No 101 (38.0) 90.6 6 6.6 24-144 1.0 0.38
Yes 165 (62.0) 146.7 15 10.2 57-169 1.5 0.6-4.3

Full-time employment No 68 (25.8) 63.1 3 48 09-139 1.0 0.20
Yes 196 (74.2) 173.0 18 10.4 6.2-164 2.2 0.7-9.3

Born in UK No 107 (40.2) 91.5 9 9.3 43-17.7 1.0 0.84
Yes 159 (59.8) 140.7 12 8.5 44-149 0.9 0.4-2.3

Ethnicity White 218 (82.6) 192.3 19 9.9 59-154 1.0 0.32
Black, Asian and minority 46 (17.4) 42.8 2 4.7 0.6-16.9 0.5 0.07-1.8

London site No 81 (30.2) 71.8 8.4 31-182 1.0 0.91
Yes 187 (69.8) 167.4 15 9.0 50-148 1.1 0.4-3.0

Circumcised No 185 (70.1) 166.2 17 10.2 6.0-164 1.0 0.30
Yes 79 (29.9) 69.8 5.7 1.6-147 06 0.2-1.6

Relationship status Living with partner 73 (27.5) 66.9 6 9.0 33-195 0.9 0.3-2.3 0.32
Not living with partner 46 (17.4) 42.1 2 4.7 0.6-17.2 0.5 0.1-1.8
Single 146 (55.1) 1273 13 10.2 54-175 1.0

High depression score# No 233 (92.1) 205.1 19 9.3 56-145 1.0 0.68
Yes 20 (7.9) 18.5 1 5.4 0.1-30.2 06  0.03-3.2

No. of HIV tests® 0-2 91 (35.5) 82.4 5 6.1 2.0-142 0.7 0.2-2.1 0.13

Table continued on following page
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3-4 122 (47.7) 106.1 9 8.5 3.9-16.1 1.0 ---

5+ 43 (16.8) 38.1 6 15.7 58-342 1.9 0.6-5.3
B
Key STI No 155 (60.5) 140.4 5 3.6 12-83 1.0 0.001
Rectal CT/GC or syphilis 101 (39.5) 87.0 15 17.2 9.7-28.5 4.8 1.8-14.9
PEP useB
No 159 (63.3) 1423 11 7.7 39-138 1.0 0.41
Yes 92 (36.7) 80.3 9 11.2 51-213 1.4 0.6-3.6
C
Number of ncRAI partners® 32 (12.5) 29.8 1 3.4 0.1-187 1.2  0.04-160  0.01
1 78 (30.5) 72.5 2 2.8 03-100 1.0
2-4 81 (31.6) 68.7 8 11.6 50-229 42  1.0-29.1
5-9 35 (13.7) 30.9 5 16.2 53-378 59  1.2-43.7
10+ 30 (11.7) 25.7 4 15.6 42-399 57  10-44.1
Drug use associated with | 135 (52.3) 121.9 7 5.7 23-11.8 1.0 0.17
chemsex¢D
Yes 123 (47.7) 108.1 12 11.1 57-194 1.9 0.8-5.2
C
Poppers No 129 (50.0) 117.9 10 8.5 41-156 1.0 0.91
Yes 129 (50.0) 1121 9 8.0 3.7-152 0.9 0.4-2.4

PY, person years; HIV, human immuno-deficiency virus; CI, confidence interval; RR, rate ratio; kKSTI, key sexually transmitted infections (rectal chlamydia (CT), rectal gonorrhoea (GC) or syphilis); Al, anal
intercourse; ncRAI, receptive anal intercourse without a condom; nclAl, insertive anal intercourse without a condom; PEP, post exposure prophylaxis.

A Defined by the PHQ-9 score, high score 210

BQccurred in 12 months prior to baseline visit

€ Occurred in the 90 days prior to baseline visit

D Chemsex associated drugs defined as the use of methamphetamine, GHB, mephedrone or ketamine

Missing data (Total, events lost due to missing exposure data) for education (2, 0); employment status (4, 0); born in UK (2, 0); ethnicity (4, 0); circumcised (4, 0); relationship (3, 0); depression (15, 0); No. of HIV
tests (12, 1); key STI (12, 1); PEP (17, 1); ncRAI (12, 1); chemsex (10, 2); poppers (10, 2);.

*p-value for trend calculated for ordered categorical variables: ncRAI partners, Al partners, age and HIV tests. p-value for relationship status compares single vs. not living with partner. P-value for ethnicity
compares white against all other categories combined.

**one-sided, 97.5% confidence interval

Quantitative variables were grouped according to clinical considerations




2.7 Using STI infection as a marker for HIV risk

The analysis in Section 2.6 demonstrated thatindividuals reporting a key STI in the previous
twelve months and two or more ncRAI partners in the past three months were at extremely
high risk of acquiring HIV. Key STIs are indicative of engaging in risky sex or in high risk
sexual networks. Also, key STIs occur at a much higher rate than HIV, and, therefore,
acquisition of a key STI is a possible proxy for high HIV risk (i.e. greater power). The aim in
this section was to use the acquisition of a key STI to identify other markers of high HIV risk,

which may not have been identified in the previous analysis.

2.7.1 Methods

Information on the number of STI screens and the number of infections since the last visit
were collected using the laboratory case report forms (CRF, Appendix 6, described further

in Section 4.4).

For this analysis, the outcome was defined as acquiring at least one key STI (rectal
chlamydia, rectal gonorrhoea or syphilis) during the deferred phase. Individuals who
acquired HIV were also defined as having an outcome. 11 participants were excluded from

the analysis as they had not been screened for a key STI during this phase.

Statistical analysis

Logistic regression models were used to examine the association between baseline
characteristics and key STI acquisition. A multivariable model was fitted and the covariates
were selected by using a backwards stepwise selection approach, variables with a P-

value>0.1 were removed from the model according to Wald tests. To avoid collinearitys, the

6 Collinearity was not assessed formally due to the clear intrinsic relationship between sexual
partner variables, e.g. ncRAI cannot be more than total number of partners.
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number of ncRAI partners was the only sexual behaviour variable considered for entry into
the model because the sexual behaviour variables are highly correlated and this was the

most powerful predictor of HIV risk.

2.7.2 Results

In total, there were 993 screens (in 252 participants) for key STIs during the deferred phase,
with a median of four screens per participant (IQR: 2-5). 140 key STIs were reported in 94
individuals during this period. In addition, 9 individuals acquired HIV. Therefore, over the

course of the deferred phase, 103 (40.1%) individuals acquired a key STI or HIV.

The multivariable analysis highlighted a number of independent characteristics associated
with the acquisition of a key STI (Table 2.10). The backward stepwise selection procedure
selected: ncRAI full-time employment; chemsex-associated drug use; poppers; relationship
status; born in the UK; and younger age. The odds of a key STI increased in those reporting
chemsex-associated drug use (aOR=2.4 [95% CI: 1.2-4.6], p=0.01) and poppers (aOR=2.1
[95% CI: 1.1-4.0], p=0.03) in the three months before enrolment. Risk was three-fold higher
in those in full-time employment (aOR=3.0 [95% CI: 1.3-7.2], p=0.01). Younger participants
were at an increased risk of a key STI, with 18-24 years at a three-fold higher risk compared
to 35-49 years (aOR=3.3 [95% CI: 1.0-11.0], p=0.05). Participants reporting living with their

partners were at a higher risk than single individuals (aOR=2.1 [95% CI: 1.0-4.4], p=0.05).

Overall, most variables seemed to be correlated between the HIV and STI predictors
analyses (Figure 2.7). Two or more ncRAI partners had a much stronger relationship with
HIV compared to key STI. This is possibly the result of a cumulative effect between a high
number of partners and HIV risk; as the number of partners increase, the HIV risk increases
with it. Whereas key STIs are much more common and therefore the relationship with
sexual partners will eventually reach a plateau. Another possibility is that due to the small
number of HIV infections, one additional infection can have a significant impact on the effect

estimate.
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Figure 2.7: Unadjusted odds ratio from STI analysis vs. rate ratio from HIV incidence
analysis by baseline characteristics
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Figure legend: A, Age, 50+; B, high depression score; C, born in UK; D, no. of HIV tests, 0-2; E,
relationship status - not living with partner; F, ethnicity (BAME); G, circumcised; H, London
site; 1, age, 18-24; ], university degree; K, relationship status - living with partner; L, PEP use;
M, no. of HIV tests, 5+; N, age, 25-34; O, ncRAI with 2 or more partners; P, poppers; Q, full-time
employment; R, chemsex. Line represents rate ratio=odds ratio.

67



89

Table 2.10: Association between baseline characteristics and diagnoses of key STI during deferred phase

Characteristic Participants, wriltl(loﬁ)ey OR 95%CI  p-value*™*  aQR*** 95%CI  p-value**
n (%) STI*

Age at randomisation, years 18-24 26 (10.1) 11 (42.3) 1.2 0.5-2.9 0.01 3.3 1.0-11.0 0.001
25-34 99 (38.5) 48(48.5) 1.6 009-28 2.2 1.1-4.2
35-49 113 (44.0) 42 (37.2) 1.0 1.0
50+ 19 (7.4) 2(10.5) 0.2 0.04-09 0.3 0.1-1.6

University degree No 93 (36.5) 34(36.6) 1.0 0.45
Yes 162 (65.5) 67 (414) 12 0.7-21

Full-time employment No 66 (26.1) 17 (25.8) 1.0 0.007 1.0 0.01
Yes 187 (73.9) 84 (449) 24 13-44 3.0 1.3-7.2

Born in UK No 104 (40.8) 46 (44.2) 1.0 0.21 1.0 0.07
Yes 151 (59.2) 55(364) 0.7 0.4-1.2 0.6 0.3-1.0

Ethnicity White 208 (82.2) 82(394) 1.0 0.84
Black, Asian and other minority 45 (17.8) 17 (37.8) 1.1 0.6-2.1

London site No 76 (29.6) 29 (38.2) 1.0 0.68
Yes 181 (70.4) 74(409) 11  0.6-19

Circumcised No 176 (69.6) 68(38.6) 1.0 0.66
Yes 77 (30.4) 32(416) 11 0.7-19

Relationship status Living with partner 70 (27.6) 32(45.7) 14 0.8-2.5 0.28 2.1 1.0-4.4 0.05

Table continued on following page



Not living with partner 44 (17.3) 16 (36.4) 0.9 0.5-1.9 0.7 0.3-1.6

69

Single 140 (55.1) 53(37.9) 1.0 1.0

High depression scoreP No 223(92.1) 89(399) 1.0 0.48
Yes 19 (7.9) 6(31.6) 0.7 03-19

No. of HIV testsB 0-2 87 (35.5) 30(345) 08 0.5-14 0.24
3-4 117 (47.8) 46 (39.3) 1.0
5+ 41 (16.7) 20(488) 15 04-1.0

PEP useB No 153 (63.5) 55(36.9) 1.0 0.20
Yes 88 (36.5) 39(443) 14 08-24

ncRAI with 2 or more partners No 108 (43.9) 31(28.7) 1.0 0.005 1.0 0.007
Yes 138 (56.1) 64 (46.4) 2.1 1.3-3.7 2.4 1.3-4.6

Drug use associated with chemsexA ¢  No 126 (51.0) 33(324) 1.0 <0.001 1.0 0.01
Yes 121 (49.0) 63 (50.5) 3.1 1.8-5.2 2.4 1.2-4.6

PoppersA No 122 (49.4) 36(26.2) 1.0 0.003 1.0 0.03
Yes 125 (50.6) 60(52.1) 2.2 1.3-3.7 2.1 1.1-4.0

n, number of participants; STI, sexually transmitted infections; OR, odds ratio; C, confidence interval; aOR, adjusted odds ratio; UK, United Kingdom; ncRAI, receptive anal intercourse without a condom; PEP, post-exposure
prophylaxis; HIV, human immunodeficiency virus.

*Note that denominator may be different to total number due to missingness of key STI and baseline characteristics

**p-value for trend calculated for ordered categorical variables: age and HIV tests. p-value for relationship status compares single vs. living with partner.

***Adjusted OR presented for variables selected by backwards selection

AQccurred in the 90 days prior to baseline visit

BQccurred in 12 months prior to baseline visit

Cchemsex defined as the use of methamphetamine, GHB, mephedrone or ketamine and assuming drug taking occurred in the context of chemsex

PDefined by the PHQ-9 score, high score 210
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Table 2.11: Association between baseline sexual behaviour and diagnoses of key STI during deferred phase

_— Participants, n (%) p-
Characteristic n with key OR 95% CI value*
STI
Number of Al partnersA 1 21(8.4) 7 (33.3) 0.5 0.2-14 <0.001
2-4 46 (18.3) 10 (21.7) 0.3 0.1-0.6
5-9 47 (18.7) 10 (21.3) 0.3 0.1-0.6
10-19 68 (27.1) 37 (54.4) 1.2 0.6-2.3
20+ 69 (27.5) 35 (50.7) 1.0
Number of IAI partners? 0 22 (8.9) 10 (45.5) 1.1 0.4-3.1 0.09
1 42 (17.0) 12 (28.6) 0.5 0.2-1.3
2-4 54 (22.0) 16 (29.6) 0.6 0.3-1.3
5-9 52 (21.1) 22 (42.3) 1.0
10-19 44 (17.9) 20 (45.5) 1.1 0.5-2.6
20+ 32 (13.0) 16 (50.0) 1.4 0.6-3.3
Number of RAI partnersA 0 18 (7.3) 2(11.1) 0.3 0.1-1.2 <0.001
1 38 (15.3) 9 (23.7) 0.6 0.3-1.6
2-4 64 (25.8) 21 (32.8) 1.0
5-9 46 (18.5) 18 (39.1) 1.3 0.6-2.9
10-19 61 (24.6) 37 (60.7) 3.2 1.5-6.6
20+ 21 (8.5) 10 (47.6) 1.9 0.7-5.1
Number of nclAl partnersA 0 36 (14.8) 18 (50.0) 2.3 1.0-5.3 0.68
1 66 (27.1) 20 (30.3) 1.0
2-4 63(25.8) 22 (34.9) 1.2 0.6-2.6
5-9 48 (19.7) 21 (43.8) 1.8 0.8-3.9

Table continued on following page
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10+ 31 (12.7) 14 (45.2) 1.9 0.8-4.6
Number of ncRAI partnersA 0 31 (12.6) 8 (25.8) 0.8 0.3-2.1 0.003
1 77 (31.3) 23(29.9) 1.0
2-4 76 (30.9) 32 (42.1) 1.7 0.9-3.3
5-9 35 (14.2) 17 (48.6) 2.2 1.0-5.1
10+ 27 (11.0) 15 (55.6) 2.9 1.1-6.9
Number of nclAl HIV +ve partners? 0 137 (58.6) 50 (36.5) 1.0 0.16
1 47 (20.1) 15 (31.9) 0.8 0.4-1.7
2-4 26 (11.1) 11 (42.3) 1.3 0.5-3.0
5-9 16 (6.8) 6 (37.5) 1.0 0.4-3.0
10+ 8 (3.4) 6 (75.0) 5.2 1.0-26.8
Number of ncRAI HIV +ve partnersA 0 138 (59.0) 51 (37.0) 1.0 0.07
1 55 (23.5) 13 (23.6) 0.5 0.3-1.1
2-4 21 (9.0) 12 (57.1) 2.3 0.9-5.8
5-9 13 (5.6) 9 (69.2) 3.8 1.1-13.1
10+ 7 (3.0) 3 (42.9) 1.3 0.3-5.9

PY, person years; HIV, human immuno-deficiency virus; CI, confidence interval; RR, rate ratio; Al, anal intercourse; IAl, insertive anal intercourse;
RA] receptive anal intercourse; nclAl, insertive anal intercourse without a condom; ncRAI, receptive anal intercourse without a condom

AQccurred in the 90 days prior to baseline visit
*p-value for trend
*one-sided, 97.5% confidence interval




2.8 Discussion

2.8.1

2.8.2

Key findings

Matching with the national database of HIV diagnoses enhanced the analysis of HIV
incidence

MSM seeking PrEP are at high risk of acquiring HIV

Highest HIV risk was amongst MSM reporting a rectal STI or syphilis diagnosis in
the previous twelve months, or reporting condomless receptive anal intercourse
with two or more partners in the past three months

Participants reporting neither of these risk factors were at substantially lower risk
of HIV

Other baseline characteristics, such as: full-time employment; chemsex; poppers;
living with partner; born in the UK; and, younger age, were associated with the risk

of acquiring a key ST1I, and are likely associated with a higher risk of HIV.

Findings in relation to other literature

The most powerful individual predictor of HIV infection in PROUD was the diagnosis of

syphilis or a bacterial rectal infection (chlamydia or gonorrhoea) in the previous twelve

months; HIV incidence was 17.2 per 100 PY in this subpopulation. A recent analysis (2017)

of MSM who were repeat attenders at sexual health clinics in England identified similar

factors but the strength of the association was weaker and the proportion of infections

associated with STI diagnosis was much smaller [63]. A secondary analysis of the iPrEx trial

examined predictors of HIV infection in the placebo arm [76]. The only STI variable reported

was whether an infection had been reported in the previous 6 months, irrespective of the

type or site of infection. This lack of specificity may explain the small difference in HIV
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infection incidence between participants with (4.9 per 100 PY) and without (3.6 per 100
PY) an STIreport. Conversely, the strong effect in PROUD may be partly due to the regularity
of STI screening in sexual health clinics in the UK, with participants receiving a median of 3
screens in the year prior to enrolment. Of note, oral and urethral STIs were not associated
with an increased HIV risk, suggesting that the selection of variables to include in risk

algorithms should focus on rectal infections and early syphilis.

The number of sexual partners in the previous three months was also an important
predictive variable, particularly the number of ncRAI partners. Participants with fewer than
two ncRAI partners were at a comparatively low risk of HIV infection (2.9 per 100 PY),
although still above the WHO threshold of “substantial” risk [39]. This risk fell further below
this threshold when combined with the absence of a key STI diagnosis, suggesting that this
subgroup should be a lower priority for PrEP (i.e. one or fewer ncRAI partners in previous
three months and no key STI diagnosed in previous 12 months). Assuming 100% PrEP
efficacy, by providing PrEP only to those individuals reporting either a key STI or ncRAI
with two or more partners (63% of the person-years), 95% of incident HIV infections could
have been prevented. Of interest was the low risk identified in men who engage exclusively
in insertive anal intercourse when not using a condom, consistent with findings in the iPrEx
study [76]. Current guidelines focus solely on condomless sex, and do not differentiate
between the risk of receptive and insertive intercourse [40-42]. However, individual clinical
decisions should take into account current risk behaviours as well as historical and
anticipated ones. The definition of “historical” is also not standardised across guidelines,
one referring to the previous six months, one referring to 12 months, and another not

specifying a time frame at all [40-42].

Analyses of risk factors for the acquisition of HIV infection among MSM have been
conducted in multiple studies [59-76]. More recent analyses have been motivated by a

desire to inform eligibility criteria for PrEP or to identify individuals at particularly high risk
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who could potentially be targeted with other HIV prevention strategies [76]. Predictors of
HIV and key STI (as a proxy for HIV) presented in this chapter were demographic (age,
employment status, relationship status), clinical (STIs), and behavioural (number of sexual
partners, chemsex associated drugs and popper-use). These findings were consistent with

the predictors identified in the literature (Section 2.4).

2.8.3 Strengths and limitations

A number of studies have aimed to identify the risk factors of HIV acquisition (Section 2.4),
but only one of these, a blinded placebo-controlled trial, has considered the risk factors
among MSM willing to take PrEP [76]. The unique feature of the secondary analysis of
PROUD presented in this chapter was the known PrEP status among MSM who were either
actively seeking PrEP or had accepted a clinical recommendation from their clinician. This
is both a strength and a limitation. The strength being that conclusions reached in this
analysis are directly applicable to MSM willing to take PrEP. A limitation, however, is that
caution is needed when using these conclusions to identify MSM for which PrEP should be

offered in the first place (a step prior to that observed in PROUD).

HIV incidence among PROUD participants with no access to PrEP was four-fold higher than
that of MSM repeatedly attending sexual health clinics in the UK [13, 63]. This is likely to
represent an enrichment phenomenon whereby self-awareness of a high risk of acquiring
HIV infection motivates individuals to seek PrEP. While the very high HIV incidence in
PROUD raises the question of generalisability to other lower-risk settings, this concern
applies more to the quantitative estimates than to the findings in general, which should be
broadly applicable. However, this raises concerns about whether the results of population-
based prediction models of HIV incidence can be validly applied in the context of PrEP

eligibility [53, 54].
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Data collected from PROUD participants at baseline, especially the anatomical site of STIs
or position of anal intercourse, enabled the estimation of HIV risk associated with these
characteristics. Given that the current PrEP initiation guidelines (2018) do not focus on the
position of condomless sex (receptive or insertive) or the anatomical site of STIs, this was
particularly advantageous in determining the MSM most in need of PrEP [42]. If STI
diagnoses in the UK continue to increase, and HIV incidence continues to decrease, bacterial
STIs will become less of a marker of those at the highest risk of HIV [80]. Therefore, future
guidelines may need to be refined to target PrEP at MSM with a rectal STI or syphilis, rather

than a bacterial STI at any anatomical site.

Matching to the national database of HIV diagnoses provided extra information on the HIV
status of the participants. This provided an additional five infections which were unknown
to PROUD. Given the high success rate in identifying the HIV diagnoses in those known to
the trial team, we can be confident in the matching process to identify diagnoses which
occurred in the UK. However, there is a potential to miss infections which have been
diagnosed outside of the country. The matching exercise has further benefits for assessing

the long-term effectiveness of PrEP (not included in PhD thesis).

Several publications conducted time-updated analyses accounting for change in sexual
behaviour in addition to other risk factors [72, 81, 82], it was decided that was not
necessarily the best approach to take here. The objective in this chapter was to identify high-
risk characteristics of HIV at the time PrEP could have been initiated. By including time-

updated variables, the focus shifts towards how the current risk factors affects current HIV

risk rather than how the risk factors observed at the initial visit predicts future HIV risk.
This is not to negate the value of time-updated analyses, however, which could usefully

inform decisions on whether to stop or discontinue PrEP.

The main limitation of this analysis is the low number of incident HIV infections, but this

was unavoidable due to the size of the trial. The consequences are two-fold: imprecise
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estimates of HIV incidence; and an inability to undertake multivariable analyses to develop
a risk algorithm, such as the one developed by Smith et al. [74]. The lack of a multivariable
analysis precluded a formal analysis to identify subgroups atlow risk of HIV infection, which
was one of the objectives of this chapter. A non-parametric method proposed by Poynton et
al. described a useful method which allowed characteristics to be ranked according to HIV
risk; I consider this approach in Section 3.4.5 [82]. Although PrEP was not available through
the NHS during the study period, some participants in the deferred arm may have accessed
it through other means. PEP use was also common with 174 courses prescribed to 85
participants during the study period, which could have further reduced the estimated

incidence [13].

[ attempted to rectify the low number of HIV outcomes by using the diagnosis of a key STI
(rectal STIs or syphilis) as a proxy for HIV risk. This had the benefit of a much greater
statistical power than the direct analysis of HIV itself. This approach was useful because it
could be used to identify risk factors of engaging in risky sex or in a high-risk sexual
network. However, the binary approach did not discriminate between those with a single
or multiple key STIs, and therefore it does not necessarily identify those characteristics at
the highest risk. Appropriate methods for this type of analysis are explored further in

Section 4.6.5.

2.8.4 Conclusion

In conclusion, the high HIV incidence in PROUD suggests that participants appropriately
judged their risk of acquiring HIV and the benefits of PrEP. Eligibility criteria for a PrEP
programme following PROUD can therefore be broad for MSM, as in the current guidelines.
In this analysis, a recent history of syphilis, rectal chlamydia/gonorrhoea or two or more
ncRAI partners indicated a high imminent risk of HIV infection, and HIV-negative MSM with

any of these characteristics should be offered PrEP as a matter of urgency.

76



However, the risk of acquiring HIV is declining in some settings due to increased PrEP
coverage, an increase in HIV testing, and rapid treatment after an HIV diagnosis [50, 52].
This complicates this judgement and may change the predictive value of individual risk
factors. In particular, there could be a possible further reduction in the already low risk for
those reporting only one ncRAI partner. It will be important to continue to review the need

for PrEP in this and other groups.

77



78



3 Critique of epidemiological measures used in PrEP

research

3.1 Introduction

PrEP trials and HIV prevention studies commonly report the number needed to treat (NNT)
and the population attributable fraction (PAF). For instance, PROUD reported NNT to
estimate the number of individuals who would need to access PrEP in order to avert one
additional HIV infection [13]. A secondary analysis of the iPrEX trial used NNT and PAF to
identify characteristics of individuals who would most benefit from PrEP [76]. In this

chapter, I discuss whether NNT and PAF are relevant measures in the field of PrEP research.

3.2 Aims

The aims of this chapter are:

1. Make suggestions on the calculation, presentation and interpretation of NNT for
PrEP trials (Section 3.3)

2. Critique the use of PAF in the context of determining eligibility criteria for PrEP and
propose an alternative approach (Section 3.4)

3. Explore the use of a stepwise procedure to identify a subgroup at high risk of HIV

based on multiple risk factors (Section 3.4.5. proposed by Poynten et al. [82])
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3.3 Number needed to treat (NNT) in PrEP trials

3.3.1 Background

In 1988, Laupacis introduced the NNT, the average number of people that need to be treated
with a particular treatment in order to prevent one additional outcome of interest [83].
Laupacis calculated NNT as the reciprocal of the absolute risk difference between two
groups (or trial arms). Cook stated that NNT combines the statistical and clinical
significance to the care provider [84]. Whilst Cook and Sackett have advocated the use of
NNT, Hutton has been strongly critical of this measure, stating that due to its more
favourable statistical properties, the absolute risk difference is a better measure [84-86].
Hutton’s critique focused on the disjoint nature of confidence intervals for NNT when a
treatment was ineffective. This is less of a concern for PrEP, which has shown to be highly

effective.

In 2001, despite these concerns, the Consolidated Standards of Reporting Trials (CONSORT)
guidelines recommended NNT for both binary and time-to-event outcomes [87]. NNT was
primarily developed for trials with a binary outcome. However, NNT calculations are not as
simple in the context of time-to-event (survival) outcomes (unless all patients are followed
for the same amount of time) and requires careful consideration [88]. The literature
provides conflicting recommendations for calculating NNT when follow-up time varies [89-
92]. In a literature review by Hildebrandt et al., of the 34 studies reporting time-to-event
outcomes, only 17 (50%) used an “appropriate” method to calculate the NNT [88], although
others have argued that this is dependent on the disease area (i.e. chronic vs. acute) and

treatment length (i.e. continuous vs. short fixed duration) [91, 92].

A number of PrEP studies have reported NNT [13, 44, 76, 93], i.e. how many individuals

need to be provided with PrEP to avert one additional HIV infection (compared to
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prevention standard of care)? The iPrEx trial reported an NNT value of 62 (95% CI: 44-147)
[76]. The later PROUD and IPERGAY studies reported a much lower NNT: 13 (90% CI: 9-23)

and 18 (95% CI: 15-38) respectively [13, 44].

In the drafting of the main PROUD manuscript there was considerable discussion around
the wording to describe the NNT. The final paper stated that it “derived the number-needed-
to-treat to directly avert (prevent or delay)” and “13 men (90% CI: 9-23) in a similar
population would need access to 1 year of PrEP to avert one HIV infection” [13]. An initial
idea to use the term “prevent” was questioned since some participants could acquire HIV
later in time, and “avert” was considered to be a reasonable compromise. Also, the PROUD
cohort had a much higher HIV risk than the general population, calling the generalisability

of NNT into question. Hence, the addition of the term “in a similar population”.

In the remainder of this section, I present different methods which have been used to
calculate NNT in time-to-event outcomes (Section 3.3.2). I then discuss the interpretation of
these methods and the relevance for PrEP (Section 3.3.3). [ describe how NNT estimated in
a PrEP trial can be applied to the general population at different risk to the trial population
(Section 3.3.5). Finally, I discuss the indirect effect of PrEP on onward HIV transmissions

(Section 3.3.6).

3.3.2 Calculation of NNT in time-to-event analyses

Several methods have been described to calculate NNT from individual patient data (IPD)
or aggregate measures reported in published articles [88-91, 94-97]. In addition to these, I
propose a method to incorporate the adherence/use of PrEP into the calculation of NNT.
Methods are illustrated using a simple two-armed PrEP trial where participants are
randomised to a PrEP or no-PrEP arm and where the outcome is acquiring HIV. Subscripts

0 and 1 denote the no-PrEP and PrEP groups, respectively.
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Binary approach

One naive approach considers the proportion of participants who acquire HIV by time t
(regardless of the amount of follow-up participants have, and ignores loss-to-follow-up):

1 1
WNTp () = —— =

where 1 is the proportion of HIV infections acquired by time ¢ .

The valid use of a binary approach for time-to-event outcomes is limited to acute conditions
which are treated for a pre-determined duration [91]. However, this does not apply to PrEP,

and therefore this approach will not be considered further.
Survival function
Altman et al. proposed the survival difference approach [96]:

1 (2)

WO So-50

where S(t) is the estimated survival function for the proportion remaining HIV-negative by

time t.

In contrast to the previous method, this approach takes account of the amount of follow-up
per individual and censors at the end of the follow-up [89, 90, 94, 98]. This measure is time
dependent and should be reported with a measure of time, for instance, NNT¢ months 0r NNT1
year- Altman suggested that NNTs should be plotted as a continuous function of time rather
than calculated at one arbitrary time point (Figure 3.1) [96]. The survival functions are
generally estimated using the Kaplan-Meier method, which avoids the need for any

parametric assumptions [99].
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Figure 3.1: Altman et al. demonstrating the use of a figure to present NNT over time
(image redacted due to copyright)

NNT;s(t) can be calculated from a published article if the survival functions for each trial arm
are presented. In the unlikely event that the article presents the hazard ratio (HR) and
survival function for the control arm (but not the experimental arm), the following formula
can be used [96]:

1 (3)
So(®)HR = So(8)

NNTSH(t) =

The iPrEx study estimated NNTs(t) by using the relationship between the Poisson and
exponential distribution to relate the incidence rate and cumulative incidence [76]:

1 (4)

NNTs(€) = exp(—A1t) — exp(—Apt)

where A is the incidence rate of HIV. This approach was also advocated by Suissa et al. [90].
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Direct comparison of incidence rates

Lubsen et al. and Mayne et al. proposed the use of incidence rates, rather than the survival

function, to calculate NNT [91, 92]:

1 (5)
NNT, =
VI

The approach was used to calculate the NNT presented in the main PROUD analysis [13].
The use of incidence rates means that NNT; is not time dependent and is interpreted in
terms of person-years rather than a number of individuals (Section 3.3.3). However, it

requires the assumption of constant hazard rates in both study arms.

Lubsen et al. suggested that if the incidence rates are not presented in a published paper,
but the total mean survival follow-up (1) and proportion of events (1) are, NNT; can be
approximated by [92]:

1
Ty — Ty

However, this method is not considered further due to the inappropriate assumption that p

was equal in each trial arm.
Scaling by use of study drug

Incidence rates (from which NNT; is derived) are normally calculated according to the
intention to treat approach, which ignores the amount of drug prescribed or taken. Lubsen
et al. suggested that the NNT should be scaled by the proportion of follow-up time when
patients were taking the treatment, giving an “on treatment” version of NNT [92]. Another
possibility is to scale by the amount of drug prescribed rather than drug taken, particularly

as the latter is difficult to estimate accurately.
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The medication possession ratio (MPR) is a recognised adherence measure and is calculated

by [100]:

MPR = Total number of pills prescribed (7)
~ Total number of days in follow — up

Scaling the equation for NNT; by the MPR gives the measure:

NNTypr =MPR.NNT; (8)

3.3.3 Confidence intervals for NNT

As with any other estimate, it is important to illustrate the uncertainty surrounding NNT by
presenting confidence intervals. In Table 3.1 I present methods to calculate CIs for
NNTs, NNTg;, NNT; and NNTwmpr (described in Section 3.3.2). Altman et al. described that Cls
for NNTs could be derived simply by transforming the absolute risk reduction (ARR) Cls
(estimated via the Kaplan Meier method) [96]. A similar approach can be used for NNT;.
These CIs can then be scaled by the MPR to obtain ClIs for NNTwmper. CI calculation for
NNTg requires more derivation, but can be calculated using non-linear combinations of
estimates derived from a Poisson model. This can be implemented using the Stata’s nlcom

command, which uses the Delta method (Appendix 8).

Table 3.1: Confidence interval calculation for NNT

NNT estimate Method to calculate CIs for NNT
NNT(t) = 1 Cls calculated on the absolute risk reduction (ARR) scale
s = S1() — Sp(t) and inverted to NNT scale. 95% CI for ARR: ARR + 1.96
SE(ARR), where SE(ARR)=\/SE (S,)2 + SE(S,)?2
1 . . .
NNTy () = CIs derived from the Poisson model using the delta

exp(—A;t) — exp(—A,t) method (using the nicom command in Stata), where:
exp(—A.t) —exp(—Agt) =
exp(—exp(a + b)) — exp(—exp(a))

NNT, = Same approach as NNT

Ao My

NNTmpr =MPR. — CIs derived by scaling CI for NNT: by the constant MPR
Ag— Ay
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An example of nlcom for NNT; can be found in Appendix 8.
a, constant estimated from Poisson model; b, trial arm effect estimated from Poisson model.

3.3.4 Calculating and interpreting NNT for PrEP studies

Table 3.2 shows estimates of NNTg, NNTg;, NNTj, and NNTy;pr based on the deferred phase
of the PROUD trial [13]. Although the NNT estimates are quantitatively similar, they are
conceptually different, and it is important to choose the method that is most relevant to the
question being addressed. There are subtle differences in the interpretation of these
measures. “Provide PrEP care” means to attend a clinic with access to PrEP, irrespective of
whether drug is prescribed. This reflects the burden of clinic time and costs, including
HIV/STI testing, risk reduction counselling, and the visits themselves. However, an
important (although diminishing) cost of a PrEP programme is the direct drug cost, so that
NNT in terms of “provide PrEP drug” is also useful. Whilst some participants may not have

taken all the drug prescribed, this does not affect the PrEP budget.

Despite having the same interpretation, the values of NNTs and NNTs; at one year differed
slightly: 12.5 men (95% CI: 8.5-24.9) and 13.5 men (95% CI: 6.5-20.6), respectively. One
year is the natural time point for calculation as this was the planned duration of the deferred
phase. However, not all visits took place at one year and the NNTs estimate is strongly
influenced by whether an infection was diagnosed just before or just after one year; for this
reason the NNTs estimate is more stable. Both NNTs and NNTs have a key conceptual
weakness. Although the deferred phase in PROUD was one year, in practice PrEP should be
prescribed indefinitely while the individual is at significant risk of HIV infection. A
generalisable NNT measure for PrEP should therefore avoid arbitrary treatment durations,
and calculating NNT in terms of person-years of follow-up (NNT;) is most logical. The main
Lancet paper reported that “13 men (90% CI: 9-23) in a similar population would need
access to 1 year of PrEP to avert one HIV infection” [13]. Arguably, this language is too loose

and should have referred to the person-years required.
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The MPR in the deferred phase of PROUD (in the immediate PrEP arm) was 0.88, giving an
NNTwmpr value of 11.3 (95% ClI: 5.2-17.4) [13]. This is interpreted as the person-years of drug
that needs to be prescribed to avert one additional HIV infection. At the time PROUD was
conducted, the cost of Truvada was the dominant cost within a PrEP programme, and
NNTwmpr therefore probably the most useful measure. However, the price of Truvada has
fallen dramatically and NNT; is now arguably the most useful single measure [101]. A
comprehensive cost-effectiveness analysis would include separate components for the

price of drug and the clinical care required to safely deliver the drug.

Table 3.2: Estimates and interpretation for different NNT measures

Acronym Calculation method Interpretation NNT for
PROUD
(95% CI)
Reciprocal of the difference in: On average, provide PrEP...

NNTs Survival functions at 1 year ...care to X individuals to avert 1 12.5 men
estimated from Kaplan-Meier additional HIV infection by 1 year  (8.4-24.9)
curves

NNTsi Survival functions at 1 year ...care to X individuals to avert 1 13.5 men
assuming exponential additional HIV infection by 1 year  (6.5-20.6)
distributions

NNT; Incidence rates ...care to X person-years to avert 1  12.9 PY

additional HIV infection (8.4-27.9)

NNTwmpr Incidence rates adjusted for ...drug to X person-years to avert 1 11.3 PY
medicine possession ratio additional HIV infection (7.4-24.5)

PrEP, pre-exposure prophylaxis; NNT, number needed to treat; CI, confidence interval

NNT is usually presented as a whole number due to the interpretation relating to number
of people, as in the main PROUD paper [13]. There is no good reason for this, as NNT refers
to an average number. There is even less reason to so when reporting person-years of PrEP,

and therefore, NNT should be reported with a higher degree of accuracy [95].

[t is also possible to calculate the NNT for active-controlled trials, although interpretation is
different. For example, the DISCOVER trial evaluated the effectiveness of TAF/FTC, using
TDF/FTC as an active control group [102]. The incidence rates in the TAF/FTC and TDF/FTC

groups were 0.16 and 0.34 per 100 PY, respectively, giving an NNT equal to 550.0. The
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interpretation here is the person-years of TAF/FTC required to avert one infection

compared to TDF/FTC (rather than no PrEP or placebo).

3.3.5 Generalising from trials to PrEP rollout programmes

NNT is a function of the effectiveness of the intervention and the baseline risk of the
outcome. But what if the general population is inherently different to the trial population?
In PROUD, the HIV incidence in the DEF arm during the deferred phase was seven times that
of the general MSM UK sexual health clinic attenders [13, 103]. Even if PrEP effectiveness is
the same, the NNT estimated in the trial will seriously under-estimate the NNT among

sexual health clinic attenders, the main target group for a wider PrEP programme.

There are two ways the NNT estimated in a trial could be applied to the wider population.
Firstly, Cook et al. proposed scaling NNT by the ratio () in HIV incidence between the trial
population (subscript T) and the wider population (subscript P) [84]:

1 a (9)

NNT, = = = = aNNT.
P dop — Aip 1/a Ao — 1/0( Mir Aot — Aar r

For example, PROUD estimated a NNT of 12.9 and multiplying this by a factor of seven gives

a NNT of 90.3 PY for the population of sexual health clinic attenders [13].

Another approach involves plotting the NNT for a range of effectiveness and HIV incidence
values (Figure 3.2). For instance, if the HIV incidence was 3.0 per 100 PY and the PrEP

effectiveness was 90%, then the NNT is estimated at 37.0.
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Figure 3.2: NNT by HIV incidence in the no-PrEP group, stratified by PrEP effectiveness
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3.3.6 Indirect effect of PrEP

Individuals taking PrEP are protecting themselves from HIV. However, infections prevented
in these index cases also prevents onward transmission to their future sexual partners
[104]. Therefore, PrEP has an indirect effect at the population level, which is important to

consider in an epidemiological context.

MSM form a relatively small proportion of the population in the UK (3%) [105], and
therefore, more closely connected to their sexual partners than the heterosexual population
and more prone to epidemics of STIs [106]. In 2015-2016 a dramatic reduction in HIV
incidence (up to 50%) was observed in some London clinics [50], re-iterating that the
network of MSM is tightly connected. Although, the number of PrEP-users in the UK is

unknown [27].

Between 2008 and 2015, the number of HIV diagnoses amongst MSM in the UK was
relatively stable (with a small steady increase) at around 3000 per year [4]. This suggests

(assuming no major changes in the interval between infection and diagnosis) that, on
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average, each infected individual was transmitting HIV to one other individual (basic
reproductive number [107]). This suggests that the NNT could be approximately halved,

even without considering onward transmission of onward transmission.

Accurately quantifying NNT to account for prevention of onward transmission is
challenging and beyond the scope of this thesis. In a US cost-effectiveness analysis, Chen et
al. stated that they did not take secondary transmission into account because the interest
lies with the individual taking PrEP [93]. This argument may apply in a clinical context and
in conveying risks and benefits to individuals, but is demonstrably incorrect from a cost-
effectiveness perspective. Simulation models are required to estimate the combined direct
and indirect effects of PrEP. A cost-effectiveness analysis of a 80 year PrEP programme in
the UK estimated that 25% of HIV infections could be averted by introducing PrEP
(assuming 4000 MSM take PrEP by one year and 40,000 MSM take PrEP by 15 years) [53].
42% of the averted infections were directly averted by those using PrEP, and the remaining

58% were avoided because of onward transmission.

3.4 Population attributable fraction (PAF) and related measures

3.4.1 Background

Chapter 2 identified baseline risk factors that were associated with the acquisition of HIV,
but did not consider the impact of a PrEP programme on the incidence of HIV. To do this, in
addition to the rate ratio (RR), it is also important to incorporate the prevalence of the risk
factors. One such measure is the population attributable fraction (PAF), which has been
used in PrEP and other HIV prevention studies to identify population subgroups which
should be targeted to maximise the effect of an intervention [62, 63, 70, 76, 108, 109]. In

this section, I review these studies and discuss the relevance of PAF (Section 3.4.3). I then
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propose an alternative to PAF (Section 3.4.4) and consider a stepwise approach to identify

individuals at high risk of HIV based on multiple characteristics (Section 3.4.5).

3.4.2 Definition of PAF

The definition of PAF is [110]:

“...the proportional reduction in average disease risk over a specified time interval
that would be achieved by eliminating the exposure(s) of interest from the population
while distributions of other risk factors in the population remain unchanged. This also
can be interpreted as the proportion of disease cases over a specified time that would
be prevented following elimination of the exposures, assuming the exposures are

causal.”

PAF is calculated by [111]:

PAF = 21— (10)
At

_ P(R-1)
T P(R-1)+1

where At and A,, are the incidence rates in the total population and in the unexposed group,
respectively, P is the proportion of the population with the risk factor, and R is the relative

risk comparing the outcome between the exposed and the unexposed groups.

Zapata-Diomedi et al. reported that it was a relatively common mistake for PAF to be
referred to as the population attributable risk (PAR) [111]. However, PAR is defined as the
absolute risk difference between the incidence rate in the population and the incidence rate

in the unexposed group, i.e. the numerator in equation (10).
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3.4.3 Use of PAF in HIV prevention literature

[ searched PubMed to identify studies which used PAF to inform HIV prevention strategies
in the era of PrEP [(“preexposure prophylaxis”[ti] OR “pre-exposure prophylaxis” [ti] OR
PrEP[ti] OR “human immunodeficiency virus” [ti] OR HIV[ti]) AND (PAF[tiab] OR
“population attributable fraction”[tiab] OR “population attributable risk”[tiab] OR
PAR[tiab])]. I also considered papers identified in the literature review I identified in
Section 2.4 [59-76]. Papers were subsequently excluded if they did not mention PrEP in the
body of the text and did not include MSM populations. Of the 103 papers identified, I found

six relevant papers (Table 3.3) [62, 63, 70, 76, 108, 109].
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Table 3.3: Example of the use of Population Attributable Fraction (PAF) in HIV prevention

literature
Author, year Aim of study Rationale for PAF
Barbee, 2017 [108]  “we sought to determine Not specified

whether the association between
rectal gonococcal and chlamydial
infections and HIV diagnosis is
independent of receptive anal sexual
behavior and to estimate the
population attributable risk percent
(PAR%) of rectal bacterial STI on HIV
diagnoses.”

Buchbinder, 2014
[76]

“To estimate the PAF and NNT of
participants in the iPrEx study to
identify subpopulations of people for
whom pre-exposure prophylaxis
may have the largest effect.”

"Determining which subgroups of
MSM/TGW have high PAF could help
identify those subgroups most
important for PrEP to reduce HIV
infections at a population level."

Cheung, 2016 [62]

“The aim of this study was to
determine the risk factors for HIV
infections and the incidence in MSM.
It is important to identify subgroups
of MSM in which preventive
interventions such as PrEP offered at
the time of their last negative test
would be considered cost-effective”

Not specified

Desai, 2017 [63]

To identify “predictors for HIV
acquisition to help identify
subgroups to which HIV prevention
services can be directed for the
greatest impact on HIV
transmission.”

“The relative contribution of each
predictive factor was determined by
calculating PAR, which combines the
adjusted HR and the prevelance”

Kelley, 2015 [70]

“This longitudinal study of HIV-
negative MSM undergoing routine
screening for STIs and HIV provides
the unique opportunity to define STI
incidence and examine the
cooccuring STI/HIV epidemics while
controlling for behavioural risk
factors to better understand drivers
of the Atlanta MSM epidemic.”

Not specified

Mitchell, 2016 [109]

“we used mathematical modelling to
estimate the contribution made by
these key populations to the HIV
epidemic in Bangalore, the

impact of offering PrEP to FSWs
and/or MSM in Bangalore, and

the population-level impact and
efficiency of different PrEP
prioritization strategies.”

"The PAF quantifies the contribution
of a particular risk factor to cases of
disease. We used PAF to understand
the factors driving HIV transmission,
which is crucial for designing effective
prevention interventions."

PAF, population attributable fraction; PAR, population attributable risk; NNT, number needed to treat; PrEP, pre-exposure
prophylaxis; HIV, human immunodeficiency virus; MSM, men who have sex with men; TGW, transgender women; STI, sexually

transmitted infection.
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Cohort studies

Buchbinder et al. presented a secondary analysis of participants randomised to the placebo
arm in the iPrEx trial, which aimed to identify participant characteristics that should be
targeted in order for a PrEP programme to have the greatest impact on the HIV epidemic
[76]. Adjusted RRs (from a Poisson model) were used in the standard PAF formula, however
this is not appropriate and should have used an adapted formula incorporating adjusted
relative risks and the proportion of cases exposed to the risk factors to account for
confounding, and therefore this error could have affected the measures presented in their
paper [110]. Buchbinder et al. plotted NNT against the PAF for a number of baseline
characteristics (Figure 3.3). They argued that directing PrEP to those characteristics with
the largest PAF and the lowest NNT would lead to the greatest reduction in new HIV

infections.

Figure 3.3: Use of PAF and NNT by Buchbinder et al. (image redacted due to copyright)

Barbee et al. performed a case-control study of MSM attending a sexual health clinic in
Seattle to determine whether there was a relationship between rectal STIs and HIV

diagnosis, independent of receptive anal intercourse [108]. They calculated the proportion
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of HIV infections attributed to rectal STIs by incorporating ORs into the adjusted PAF
formula. Barbee et al. described that the use of the OR instead of risk ratio was acceptable
given the low HIV event rate, and therefore the OR approximates the risk ratio. They
identified a significant association between rectal STIs and HIV, with a PAF of 13.9%,
concluding that a prior history of rectal STIs indicates those most need of HIV prevention

services, including PrEP.

Cheung et al. analysed a retrospective cohort study of MSM attending a sexual health clinic
in Melbourne with atleast two HIV tests within the previous 12 months [62]. They examined
the predictive value of demographic, sexual, and clinical factors reported in the first visit on
HIV status at the subsequent visit. PAF was calculated for factors with an incidence greater
than 2.0 per 100 PY, describing that this threshold had been widely reported as a cost-
effective limit for PrEP. PAF was also calculated according to the number of different risk
factors (e.g. STI diagnosis, injection drug use or PEP use) an individual reported. Cheung et
al. concluded that HIV prevention efforts (including PrEP prioritisation) should be targeted
towards MSM with a bacterial STI, inconsistent condom-use and PEP, given the high HIV

incidence and commonality of these risk factors.

Desai at al. described a study of MSM who had attended a sexual health clinic in England at
least twice in one year, using demographic and STI data from the initial visit [63]. Similarly
to Buchbinder et al., they did not use the adapted PAF formula for adjusted HRs [110]. Desai
et al. summed together the PAF from five risk factors (London resident, bacterial STI, rectal
STI, syphilis and gonorrhoea) to conclude that these risk factors accounted for 37% of HIV
infections. Although this is likely to be an over-estimate since individual PAFs should not be
added together given the over-lap in risk factors [111, 112]. They suggested that MSM
diagnosed with a bacterial STI in the previous year could be enrolled into a PrEP

programme.
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Kelley et al. presented an analysis of HIV-negative MSM undergoing routine screening for
STIs and HIV [70]. They aimed to estimate the effect of bacterial STIs on HIV incidence to
inform HIV prevention strategies, including PrEP. Kelley et al. used adjusted HRs from
propensity-score-weighted Cox models to estimate the proportion of HIV infections
attributable to rectal STIs. They concluded that, whilst the PAF for rectal STIs may have been
modest (14.6%), prevention of rectal STIs is important for the control of STIs an HIV in the
MSM population. The paper also highlights the importance in other HIV prevention

strategies, such as PrEP, in order to reduce HIV incidence.

Simulation study

Mitchell et al. conducted a mathematical modelling study for the HIV epidemic amongst
female sex workers and MSM in Bangalore, India [109]. Their first aim was to estimate the
proportion of HIV infections attributable to commercial sex work and MSM. They then
aimed to estimate the impact of PrEP on these populations under a number of scenarios.
PAF was calculated for each ten-year period (between 1986 and 2025) for commercial sex
workers and MSM by assuming that transmission risk within each group was set to 0 during
each period. In contrast to the epidemiological papers above, PAF was calculated by
assuming that the infection risk was zero in the exposed groups (rather than equivalent to
the unexposed). Although, Mitchell et al.’s focus was more towards population level risk
factors (e.g. MSM or female sex workers), rather than individual risk factors (e.g. chemsex,
STI). They then estimated the proportion of averted infections by modelling a number of
scenarios for a PrEP programme (e.g. adherence and coverage) over five and ten years,

assuming a 93% effectiveness. I argue below that it is more relevant than PAF (Summary).

Summary

PAF is the proportionate reduction in number of HIV infections that would be achieved by

reducing incidence in the exposed group to the level in the unexposed group. PAF is relevant
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when the intervention corresponds to the exposure of interest. For example, the difference
in HIV incidence between uncircumcised and circumcised men is a paramount
consideration when considering the impact of a circumcision programme. However, in the
context of PrEP the question of interest is the effect of providing PrEP to those with a given
risk factor, rather than modifying the risk factor themselves. Emerson et al. also pointed out
this fundamental problem in the application of PAF to PrEP [113]. In addition, whether or
not a risk factor is modifiable, a necessary condition for PAF to be meaningful, does not
matter for PrEP. Rather than the difference in HIV risk between exposed and unexposed
groups, estimation of the population impact of a PrEP programme must also consider PrEP
effectiveness. The modelling approach taken by Mitchell et al. was more appropriate in
estimating the effect of PrEP by incorporating a number of a factors, including efficacy and

adherence [109].

3.4.4 Proportion of potential averted infections (PPAI): an alternative to PAF

Here, I propose an alternative measure to PAF that represents the relative reduction in the
number of HIV infections for a given PrEP strategy. The proportion of potential averted

infections (PPAI) is calculated by:

PPAI= —ATl‘AP (11)

T

where Ap is the overall HIV rate after the proposed PrEP strategy and A is the overall HIV

rate in the population without PrEP.

At first glance this is similar to the formula for PAF:

PAF= 2% (12)
Ar
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where Ar is the incidence rate in the total population and A; in the unexposed group,
respectively. However, PPAI is inherently different to PAF - rather than comparing overall
incidence to that of the unexposed group, the expected overall incidence is compared before
and after a theoretical PrEP programme has been implemented. PPAI is a function of PrEP
effectiveness, PrEP uptake, the prevalence of risk factor, and rate ratio of incidence between

the exposed and unexposed groups (in the absence of PrEP), as shown in Table 3.4.

Table 3.4: Incidence pre- and post-PrEP programme, by exposure to risk factor and
accounting for PrEP effectiveness and PrEP uptake

Exposure to PrEP Proportion Ratein Rate post-PrEP
risk factor X uptake in group population (pre- focussed towards
PrEP) exposed
Unexposed (U) NA 1-P Ay Ay
Exposed (E) No uptake P(1-y) Ag Ag
Uptake Py Ag As(1—1)
Overall 1 Ar =(1-P)Ay + PAg Ap =(1-P)Ay+P(1-y) A5
+PyA:(1 —99)

U, unexposed to risk factor; E, exposed to risk factor; P, proportion of follow-up exposed to risk factor; Az rate in the
exposed group; 1, rate in the unexposed group; y, proportion of PrEP uptake; 9, effectiveness of PrEP

PPAI=2—%» (13)
Ar

[(1-P)Ay + PAg]— [(1-P)Ay+P(1-¥)Ag +PyAp(1-9)]
(1-P)Ay + PAg

_ PyAgd
T (A-P)Ay + PAg

_ PYRY

" (1-P)+PR
where P is proportion of follow-up time under exposure to the risk factor, Ay is the
incidence rate in the unexposed group, Ag is the rate in the exposed group, d is the
effectiveness of PrEP, R is the rate ratio of the pre-PrEP HIV incidence between the exposed
and unexposed groups, ¥ is the proportion of PrEP uptake in the exposed group (accepting

the offer of PrEP).
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Figure 3.4-Figure 3.7 show that PPAI increases as: (a) proportion of follow-up exposed to
risk factor increases (i.e. the prevalence of the risk factor); (b) rate ratio between exposed
and unexposed groups increases; (c) effectiveness of PrEP increases - linear relationship as
value only appears in numerator; and (d) uptake of PrEP increases - linear relationship as

value only appears in numerator.

Unlike NNT, PPAI is not a function of HIV incidence and would therefore generalise to
populations with a different background HIV incidence, assuming that the other parameters

remain the same.
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Figure 3.4: Relationship between PPAI and proportion of follow-up exposed to risk factor
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Figure 3.5: Relationship between PPAI and rate ratio
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Figure 3.6: Relationship between PPAI and PrEP effectiveness
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Figure 3.7: Relationship between PPAI and PrEP-uptake
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Application of PPAI to PROUD

[ calculated PPAI for selected baseline characteristics in the PROUD trial, assuming 90%
efficacy and 100% PrEP uptake (Table 3.5). PPAI varied widely, from 27.0% for five or more

HIV screens (in the year prior to enrolment) to 85.5% for low depression score.

PPAI is plotted against the PAF calculation for these risk factors (Figure 3.8). Whilst
correlated, PPAI is consistently higher than PAF due to the high assumed effectiveness of

PrEP, which is incorporated in the PPAI calculation.

Table 3.5: Proportion of Potential Averted Infections (PPAI) for selected baseline
characteristics in PROUD

Rate % of
Infection Total per follow

Characteristic s,n PY 100PY -up RR PAF PPAI NNT
time
Key STI2 15 87.0 17.2 38.2 48 595 675 6.4
Five or more HIV screens? 6 38.1 15.7 16.8 21 158 27.0 7.1
Two or more ncRAI partnersP 17 125.3 13.6 55.0 46 666 765 8.2
PEP use? 9 80.3 11.2 36.1 1.4 140 405 9.9
Chemsex? 12 108.1 111 47.0 19 305 568 10.0
Full-time employment 18 173.0 104 73.3 22 466 771 107
Not circumcised 17 166.2 10.2 69.5 1.8 356 729 10.9
University degree 15 146.7 10.2 61.8 1.5 252 643 10.9
Single 13 127.3  10.2 53.9 1.4 174 557 109
Age<35 12 119.1 10.1 49.8 1.3 147 514 11.0
White ethnicity 19 192.3 9.9 81.4 21 477 814 11.2
Born outside UK 9 96.6 9.3 40.7 1.1 3.6 38.6 11.9
Low depression score 19 205.1 9.3 91.7 1.7 395 855 12.0
London site 15 167.4 9.0 70.0 1.1 4.8 643 124
No poppersP 10 117.9 8.5 51.2 1.1 2.8 474 131

aln the previous year

bIn the previous 3 months

n, number of participants; PY, person-years; RR, rate ratio; PAF, population attributable fraction; PPAI, proportion of potential
averted infections; Rep, ratio of PPAI and the proportion of follow-up; STI, sexually transmitted infections; HIV, human
immunodeficiency virus; ncRAI, receptive anal intercourse without a condom; PEP, post-exposure prophylaxis; UK, United
Kingdom

*Assuming PrEP has 90% effectiveness, 100% uptake
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Figure 3.8: Relationship between PPAI and PAF for baseline characteristics in PROUD
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Figure legend: dashed line represents PPAI=PAF. A, no poppers; B, born outside UK; C, London
site; D, PEP use; E, age<35; F, five or more HIV screens; G, single relationship status; H,
University degree; I, chemsex; ], not circumcised; K, low depression score; L, full-time
employment; M, white ethnicity; N key STI; O, two or more ncRAI partners.

Targeting PrEP at high risk groups

Whilst PPAI reflects the population impact of a targeted PrEP programme, it does not
necessarily inform the subgroups that should be targeted. Clearly, providing PrEP to
individuals who share a common risk factor prevents many HIV infections, regardless of
whether it is predictive of HIV. For example, if the prevalence of the risk factor (P) is 80%,
but that factor was not predictive of HIV (R=1), offering PrEP to this group would prevent
72% of the infections (assuming 100% uptake and 90% effectiveness). However, the same
proportion of infections would be prevented if a risk factor was highly predictive (R=4) but

the prevalence of the risk factor was only 50%.

It makes sense to prioritise risk factors which results in preventing the most infections for
the least amount of PrEP. In a similar way to Buchbinder et al,, [ plotted PPAI against NNT
to assess this (Figure 3.9)[76]. Two factors were an obvious choice for PrEP prioritisation:
two or more ncRAI partners (NNT=8.2 and PPAI=66.6%); and a key STI (NNT= 6.5 and
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PPAI=67.5%). This is in line with the conclusions from Chapter 2, which identified high risk

factors according to high HIV incidence alone.

Figure 3.9: Proportion of potential averted infections by number needed to treat in PROUD
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Figure legend: 4, five or more HIV screens; B, born outside UK; C, PEP use; D, no poppers; E,
age<35; F, single relationship status; G, chemsex; H, London site; I, university degree; ], key STI;
K, not circumcised; L, two or more ncRAI partners; M, full-time employment; N, white ethnicity;
O, low depression score.

Both PAF and PPAI are univariable measures and do not account for associations between
risk factors. Rockhill et al. suggested that a ‘summary PAF’ could be calculated, whereby the
exposed group is defined to be those with at least one of the risk factors [110]. In the next
section, I apply a related stepwise approach described by Poynten at al. to identify

combinations of multiple factors in PROUD that predict a high risk of HIV [82].

3.4.5 A stepwise procedure to identify multiple variables at high risk of HIV

The natural approach for identifying combinations of several variables that identify
individuals at highest HIV risk is to fit a multivariable predictive model. The VAXGEN study

in the USA, which observed ~300 HIV infections, used logistic regression analysis to identify
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significant predictors and then weighted the regression coefficients to create an index score
[74]. However, the small number of HIV endpoints in PROUD (n=21) precludes such an
approach as the number of covariates that can be examined is constrained by the number
of endpoints. A similar problem was faced by investigators of an Australian cohort study,
who aimed to identify characteristics of an MSM population which had a high enough HIV
incidence to be eligible for a theoretical prevention trial [82]. I adapted a non-parametric,
stepwise approach developed by Poynten et al. to identify groups of individuals who were

at an increased risk of HIV:

STEP ONE - Rank characteristics in terms of highest to lowest HIV incidence

STEP TWO - Individuals with the characteristic with the highest incidence are
selected as eligible for the prevention intervention. Exclude participants with this

characteristic from the dataset.

STEP THREE - Return to STEP ONE until highest incidence is below 3.0 per 100 PY”

STEP FOUR - Individuals are eligible for the prevention intervention if they have
any of the characteristics selected at step two. Calculate incidence and PPAI at each

iteration for individuals with any of the characteristics selected up to that point.

Applying approach to PROUD

In the application of Poynten’s approach to PROUD, I first grouped categorical variables into
binary variables, as performed in their paper. However, this method could easily
incorporate categorical variables. In the first iteration, key STI ranked highest with an

incidence of 17.2 per 100 PY, and accounted for 15 of the 21 HIV infections. After excluding

7 For this analysis, the threshold was set at a HIV incidence of 3.0% to reflect the WHO guidelines of
PrEP initiation. Poynten et al. set this at 2.0% to reflect adequate power and achievable sample size
in a PrEP trial.
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individuals with this characteristic, the process next identified high depression score (9.8
per 100 PY), followed by two or more ncRAI partners in the previous three months (6.5 per
100PY), and finally five or more HIV tests in the previous 12 months (11.7 per 100 PY)

(Table 3.6). It is noted that these four characteristics capture all 21 HIV infections.

Table 3.6 also shows the HIV incidence at each iteration among all individuals with any of
the characteristics selected up to that pointin the iterative process. Individuals reporting at
least one of the criteria listed in Table 3.6 had an estimated HIV incidence of 12.6 per 100
PY (95% CI: 7.8-19.2). The combined PPAI was calculated at each iteration, assuming a 90%
effectiveness and a 100% uptake. This suggests that 90% of infections could be averted by
providing PrEP to any of the four identified characteristics, although this is likely an over-
estimate due to variable selection bias. It is useful to note the trade-off between PPAI and
the required person-years of PrEP to achieve this reduction (Figure 3.10 and Table 3.6).
This estimates that 64% of infections could be averted by providing PrEP to 36% of the total
person-years of follow-up, if targeting PrEP towards those with a key STI. Similarly, 90%
could be averted by providing PrEP to 70% of person-years (any one of the four

characteristics).

The small number of HIV infections in PROUD means that the results of this analysis are
highly unstable, and is presented more as a demonstration of the method rather than a
realistic application. Some of the characteristics, especially rare characteristics, could have
been selected by the play of chance. For example, depression emerged in the second
iteration because a single infection occurred in this group with only 10 person-years of

follow-up.

108



Table 3.6: HIV incidence and PPAI by characteristics identified by a stepwise procedure

Combin

. . . Combined PY ed HIV (.:(m.lmed Combined
Risk factors (iteration) (% of total) infectio incidence PPAI
0 (95% CI)
ns

Key STI 87.0 (36%) 15 17.2 (9.7-28.5) 64.3%
OR high PHQ-9 97.2 (41%) 16 16.5 (9.4-26.7) 68.6%
OR two or more ncRAI 158.2 (66%) 20 126 (7.7-195)  85.7%
partners

OR five or more HIVitests ¢ g 70, 21 12.6 (7.8-19.2)  90.0%

in previous year
PY, person-years; HIV, human immunodeficiency virus; CI, confidence interval; key STI, rectal

chlamydia/gonorrhoea or syphilis; STI, sexually transmitted infection; PHQ-9, patients health questionnaire
(depression score).

Figure 3.10: Person-years of PrEP plotted against PPAI at each iteration
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3.5 Discussion

3.5.1 Key findings

e In the context of PrEP research, NNT calculations should be based on estimates of
HIV incidence rather than cumulative incidence. It may be helpful to present two
different values, one based on total person-years of follow-up and a second scaled
by the MPR to reflect the amount of drug prescribed
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e NNT is not generalisable to a population with a different HIV incidence but can be
scaled up or down if the incidence in the wider population is known

e The use of PAF to the measure the impact of PrEP on population HIV incidence is
misleading and should be avoided. PPAI is an appropriate alternative measure.

e PPAI and NNT can be used in conjunction to identify individual characteristics
defining population subgroups that would most benefit from PrEP prioritisation

e A step-wise approach can be used to identify a set of characteristics when

multivariable analysis is not feasible

The NNT is a potentially useful measure for counselling patients who are thinking about
starting PrEP and for assessing the cost-effectiveness of PrEP in light of the very high
lifetime costs in the care of a HIV-positive patient. However, several studies have described
that patients and caregivers do not always fully understand the interpretation of NNT and
that other effectiveness measures may be more readily understood [114-116]. Also, there
is some evidence that the magnitude of NNT has a smaller than expected effect on treatment
decisions [114, 116]. There are two main limitations in using NNT for cost-effectiveness
decision making. First, the trial population from which the NNT is derived may be highly
unrepresentative of the population to which it is being extrapolated. The larger concern is
around a different underlying HIV incidence, with PrEP trials tending to attract individuals
at particularly high risk of infection. PPAI does not suffer from this limitation but whether
effectiveness estimates from trials (with relatively short follow-up) can be extrapolated to
the wider population is also debateable. Second, the NNT fails to account for the onward
transmissions prevented as a result of PrEP, as well as infections in the individuals taking
PrEP. This is also a limitation of PPAI Thus the use of comprehensive cost-effectiveness or

sexual network models, cannot be avoided [104].

Alimitation of NNT and PPAI is that they are univariable measures. Poynten et al. described

an alternative approach to define a set of characteristics that identify individuals with high

110



HIV incidence. Individuals with any one of these characteristics is deemed to be at high risk.
This is more easily applied in a clinical setting compared to a complex risk score and is in
line with eligibility criteria in PrEP guidelines, which are also based on “or” logic [42].
However, the small number of infections in PROUD meant that this method was highly
unstable, with a strong possibility of variable selection bias (as occurs in regression
modelling). The effect of this could be reduced by adding a step to the procedure, where the
threshold for inclusion could also incorporate the person-years of follow-up for that risk

factor.

The ideas developed in this chapter are not likely to be directly relevant to future PrEP trials
as it is now generally considered to be unethical to include a placebo (or no PrEP) group
given that Truvada has been shown to be highly effective. However, there may be

applications in other areas of HIV prevention, including vaccine trials, or in other infections.
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4 Assessing whether access to PrEP increases STI

incidence

4.1 Introduction

Risk compensation is a phenomenon seen in individuals using preventative interventions,
whereby the perceived lower risk results in higher risk behaviour; this behaviour could
negate the benefits of the intervention [117]. Risk compensation is a particular concern for
PrEP, where recipients may increase the number of sexual partners with whom they do not
use a condom due to their belief in the efficacy of PrEP in protecting against HIV [118]. This
could lead to an increase in the number of STIs. A PrEP programme, therefore, could result
inincreased costs for STI screening and treatment for the individuals receiving PrEP, as well
as enhancing the spread of STIs in the wider population. This is clearly an important public
health concern and many previous studies have attempted to assess risk compensation
through self-reported sexual behaviour [13, 119]. However, these data are often unreliable
and, in PROUD, were incomplete with a high likelihood of selective completion bias. As risky
sexual behaviour is not negative per se, this chapter will focus on the adverse clinical

outcome, STIs, rather than sexual behaviour data.

Specifically, I will consider the three major bacterial STIs: gonorrhoea; chlamydia; and
syphilis. HCV is reported separately (Chapter 5) due to the extra data collected on this
infection. This chapter will emphasise methodological considerations and the challenge
these present when drawing conclusions on whether PrEP really does impact on STI
incidence. This includes a critique of open-label PrEP studies and three analyses of PROUD
STI data: a re-analysis of the deferred phase; a new analysis of the deferred and post-

deferred phase comparison; and STI incidence over calendar time.
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4.2 Background

Several placebo-controlled PrEP trials, including iPrEX and IPERGAY, have compared STI
diagnoses between the active-treatment and placebo arms [12, 14]. However, given that
participants were unaware of their PrEP status (assuming blinding was successful), such
trials provide no information on risk compensation. Only open-label studies, such as
PROUD, are informative in this respect. A systematic literature review was conducted by
Traegar et al. of such studies, considering both sexual risk behaviour and STIs as outcomes
[120]. PROUD was the only randomised study that they identified. In Section 4.4, | present
a critique of the individual studies reporting STI outcomes included in the Treagar et al.

review.

STl analyses for PROUD have been presented previously in the main Lancet publication [13].
The paper presented the probability of detecting an STI during the deferred phase, with a
higher risk found in the IMM group. However, this was biased by the higher number of STI
screens within this group and, after adjustment for this, there was no significant difference
between the groups, both for individual STIs and overall. This analysis has several
limitations, which are discussed in Section 4.6. This section also includes alternative

analyses of the deferred phase.

The long-term follow-up STI data in PROUD have not been analysed and reported in detail
previously. Although less robust than the randomised comparison of the deferred phase, a
pre-PrEP vs. post-PrEP comparison of the DEF arm is presented. Calendar time trends for
PROUD in both the IMM and DEF arms are considered when examining the evidence of a

long-term effect of PrEP on STI risk in Section 4.8.

4.3 Aims

The aims of this chapter are:
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1. Critique the methods used by individual studies included in the Traegar et al.
systematic review (Section 4.4)

2. Describe STI data collected during PROUD and discuss methodological
considerations when conducting STI analyses of PrEP studies (Section 4.4-4.6)

3. Re-analyse the STI data collected during the deferred phase of PROUD, and compare
results and interpretations using different approaches (Sections 4.6.5 and 4.6.7)

4. Analyse STI data collected during the long-term follow-up of PROUD (Sections 4.7-

4.8).

4.4 Systematic review of open-label studies

4.4.1 Rationale

As discussed in the Background of this chapter, only open-label PrEP studies can provide
insight into risk compensation. Recognising this, Traeger et al. conducted a systematic
review and meta-analysis of open-label studies, excluding blinded trials [120]. Their search
included studies published before August 2017 that reported either sexual risk or STI
outcomes for MSM taking daily PrEP. They aimed to estimate the effect of PrEP on STI status
by combining the odds-ratios (ORs) derived from each study in a random-effects meta-
analysis. Here I discuss the methods and findings from: (a) the meta-analysis, which is based
on selected studies from the systematic review; and (b) the individual papers identified by
the systematic review. As well as a stand-alone review, my critique informed approaches

for analysing the STI data collected in PROUD.

4.4.2 Critique of meta-analysis

Traegar et al. identified seventeen studies that fitted the inclusion criteria for their
systematic review. However, the meta-analysis was limited to eight studies that reported
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STI status at both baseline and one or more follow-up visits [13, 119, 121-126]. The
outcome was defined as the number of participants diagnosed during follow-up. For
inclusion into the meta-analysis, Traegar et al. mandated that studies had screened for STIs
at baseline. Despite this, not all comparisons were made between follow-up and baseline
status, e.g. PROUD compared IMM to DEF and Corales et al. compared STI prevalence pre-
and post-PrEP [13, 121]. The PrEP effect was measured in two ways: (a) comparing STI
prevalence in PrEP and non-PrEP-users; and (b) comparing STI prevalence over time in
PrEP-users. Paired data for pre- and post-PrEP comparisons did not appear to be accounted
for, possibly due to the lack of individual patient data (IPD). If ORs were not presented in
the paper, these were calculated from reported prevalence data. If neither was available,

Traegar et al. contacted the authors of the original paper.

The pooled OR for any STI diagnosis was 1.24 (95% CI: 0.99-1.54, p=0.59), and there was
moderate heterogeneity between studies (1=50%, p=0.052) (Figure 4.1). PrEP-use was
associated with a significant increase in rectal chlamydia alone (OR=1.59 [95% CI: 1.19-
2.13], p=0.002), and in combination with gonorrhoea (any rectal) (OR=1.39 [95% CI: 1.03-
1.87], p=0.03). An increase in chlamydia at any anatomical site (OR=1.23 [95% CI: 1.00-
1.51], p=0.051) appeared to be driven by the increase in rectal infections. There was no
evidence of a significant increase in gonorrhoea at any anatomical site (OR=1.13 [95% CI:
0.78], p=0.515), or for syphilis (OR=1.12 [95% CI: 0.86-1.47], p=0.41). Heterogeneity
between studies was identified for any gonorrhoea (1?°=74%, p=0.004), urethral gonorrhoea

(1?=72%, p=0.030) and any rectal infections (1°=66%, p=0.012).
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Figure 4.1: Random-effects meta-analysis of effects of PrEP on STI diagnosis, presented by
Traegar et al. (image redacted due to copyright)

This meta-analysis has several limitations. First, there was a stringent requirement that a
screen for STIs had to take place on the initiation date of PrEP. PROUD should not therefore
have been included in the meta-analysis given that STI screening was not mandated at
baseline [13]. This requirement meant that some clearly relevant studies were excluded,
such as Beymer et al., which compared STl incidence (rather than prevalence) pre- and post-
PrEP [127]. Second, the stated use of binary outcomes was to maximise the number of
studies in the meta-analysis. However, the follow-up periods differed between studies,
ranging from six months to twelve months. Third, the studies collected data on different
STIs and the analysis of “any STI” therefore means different things in different studies. For
example, one study collected information only on syphilis infections [119], whereas others
collected data on all bacterial STIs [13, 124, 125]. Finally, different types of ORs - unadjusted
and adjusted - reported by the individual studies were combined. For instance, PROUD
adjusted for the number of STI screens, whereas the others did not [13]. The question of
adjusting for the number of screens, to control for so-called detection bias, is discussed in

Section 4.6.3.
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4.4.3 Critique of selected individual studies

The Traegar et al. systematic review lacked detail on the methods and results reported in
the original studies. Therefore, | reviewed all 17 original papers, regardless of whether they
were included in the meta-analysis, assessing the STI data collected, the use of controls, the
associated statistical methods, and their findings. I then focussed on studies that: (a)
presented STI data whilst the participants were receiving PrEP; and (b) had a control group,
i.e. a group of individuals who concomitantly did not receive PrEP, or a pre-PrEP period of
observation before PrEP was initiated. Of the 17 papers, | excluded six papers because they
presented solely sexual behavioural data, and two were excluded because they lacked a

control group for STI data.

[ searched for additional papers published after the original search conducted by Traegar
et al. Using the search criteria ["STI"[ti] OR "sexually transmitted infection"[ti] OR "STD"[ti]
OR "sexually transmitted disease"[ti]] AND ["pre-exposure prophylaxis"[ti] OR "PrEP"[ti]
OR "preexposure prophylaxis"[ti]], | identified 254 papers were published between
15/08/2017 and 01/09/2018. Five were considered relevant based on title, but four were
subsequently excluded upon reading the full paper. The remaining retrospective cohort
study was included in my review [128]. Thus a total of ten papers were scrutinised (Table

4.1)[13,119, 121-128].

STI data collection

One study did not specify the screening frequency, nor the infections screened for [121].
Seven studies reported that STI screening was conducted on a quarterly basis [122-128].
PROUD and iPrEX-OLE reported that screening occurred approximately every six months
[13, 119]. In addition to these pre-planned time points, three studies, including PROUD,
reported that screening could be conducted on indication, i.e. when a participant reported

symptoms or through contact tracing [13, 119, 122].
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Five studies collected diagnoses of syphilis and chlamydia and gonorrhoea at all three
anatomical sites (rectal, urethral and oral) [13, 124, 125, 127, 128]. Three studies collected
data on chlamydia and gonorrhoea infections but not by all anatomical sites [122, 124, 126].
Nine studies collected information on syphilis diagnoses [13, 119, 122-128]. iPrEX-OLE
collected information on chlamydia, gonorrhoea and syphilis but only reported syphilis

[119].

Control groups

The studies used different types of control groups, some using two or more different
techniques. Eight studies used the pre-PrEP experience of the PrEP initiators as an internal
control. Three studies compared STI prevalence at baseline with prevalence at later time
points, after participants had started PrEP [123-125]. Five studies collected data pre- and
post-PrEP [121, 122, 126-128]. Two of these five compared STI incidence in the twelve
month period before and after PrEP initiation [127, 128]. The other three of these five
studies compared the STI prevalence instead (one at twelve months and two at six months)
[121, 122, 126]. In addition to the pre- and post-PrEP comparison, two studies used control
groups of individuals who did not receive PrEP [126, 128]. One control group was
comprised of patients after a post-exposure prophylaxis (PEP) prescription within the same
clinic [128]; another group was comprised of HIV-negative MSM in the same region
(presumably with an unknown PrEP status) [126]. These control groups are not ideal due
to underlying differences in individuals that do and do not take PrEP. Although, Nguyen et

al. adjusted for confounding factors in the analysis to account for these differences [128].

Of the remaining two studies, one was a cohort study composed of participants who had
been previously enrolled in PrEP trials (iPrEX-OLE), and compared individuals who
accepted the offer of PrEP against those who declined the offer [119]. The other study was
PROUD, which was the only study with a randomised control group, thus providing the most

robust comparison [13].
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Statistical methods

The three studies which used STI prevalence at baseline as a reference used different
analysis techniques [123-125]. Liu et al. did not report the statistical methods used, but
described assessing the significance of time trends in STI prevalence and calculating overall
incidence (but with no PrEP/no-PrEP comparison) [124]. Inappropriately, Lal et al. and
Marcus et al. used chi-squared tests to compare STI prevalence at different time points.
Marcus et al. compared trends in STI prevalence at three-monthly time-points from PrEP
initiation [123, 125]. Lal et al. compared the proportion (cumulative incidence) with an STI
between baseline and month three with that of the proportion between month three and
twelve. However, in this study, participants had already initiated PrEP in the baseline to
three-month comparison, and the time-periods differed in length, which is particularly
problematic for cumulative incidence [123]. Therefore, I chose to compare STI prevalence

reported at baseline with that at month twelve for this study (Section 4.4.4).

Of the five studies that compared STI rates pre- and post-PrEP, Beymer et al. was the only
study to account for the dependency within individuals by using a Generalised Linear Mixed
Model [127]. Corales et al., Golub et al. and Montano et al. compared the proportion of
subjects with one or more STIs between the two periods, but none reported statistical tests
[121, 122, 126]. Golub et al. used different time-scales pre- and post-PrEP (six months and
three months, respectively), and the comparison is therefore uninterpretable [122]. Better
inference is obtained via incidence rates and Poisson models which can accommodate
different follow-up periods [127, 128]. Unfortunately, Montano et al. only compared STI
prevalence between pre- and post-PrEP periods, despite comparing STI incidence between

PrEP-users and HIV-negative controls [126].

iPrEX-OLE compared the incidence of syphilis between the PrEP initiators and the non-
initiators. Although the statistical model was not reported, the presentation of hazard ratios

suggests the Cox model was used [119]. PROUD used logistic regression models to analyse
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the probability of an infection during the deferred phase, and adjusted for the number of
screens received [13]. However, this approach fails to distinguish between those with a
single infection and multiple infections, and does not fully capture the clinical burden of STIs

(described further in Section 4.6.5).

Detection bias

Detection bias is a phenomenon whereby the more STI testing that is conducted the more
infections that are diagnosed [129]. In general, more STI screens are performed during the
receipt of PrEP, likely related to increased visits to sexual health clinics to collect the PrEP
prescription. The issue of detection bias was considered by four studies [13, 126-128].
Montano et al. considered symptomatic infections (urethral gonorrhoea and syphilis) and
asymptomatic infections separately, since the former are likely to self-refer and therefore
less affected by the testing schedule [126]. However, this is an over-simplification of why
individuals receive an STI screen, e.g. does not consider contact tracing or tests of cure.
Beymer et al. surprisingly reported a 7% decrease in the average number of STI screenings
between the pre-PrEP period to the post-PrEP period (p<0.0001), but they did not appear
to account for this in their analysis [127]. Nguyen et al. adjusted for the number of screens
pre- and post-PrEP in a Poisson model but acknowledged that they may not have accounted
for detection bias sufficiently due to the systematic screening in the PrEP-users [128]. The

fourth study was PROUD, which is discussed in Section 4.6.3 [13].

4.4.4 Main STI findings from the individual studies

The three studies comparing STI prevalence to baseline observed some differences over
time [123-125]. Lal et al. reported a significant increase in the proportion with an STI
between baseline and month 12 (12.3% vs 29.5%, p=0.002) [123]. Liu et al. found that the
proportion with a rectal and pharyngeal STI reduced between baseline and week 24 (15%

to 9% and 11% to 7%, respectively [estimated from figure in paper]), and then increased at
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week 48 (14% and 9%, p<0.05) [124]. Marcus et al. found no significant change in STI
prevalence between baseline and month 12, except for an increase in urethral gonorrhoea

(0.9% to 2.5%, p=0.012) and rectal chlamydia (7.7% to 14.1%, p<0.001) [125].

All four studies comparing pre- and post-PrEP periods found differences in STI rates [121,
126-128]. Nguyen et al. reported an increase in overall STI incidence rate (incidence rate
ratio (IRR) =1.72 [95% CI: 1.22-2.40]). After adjusting for the number of screens, this
difference was attenuated and was not formally statistically significant (adjusted incidence
rate-ratio (alRR): 1.39 [95% CI: 0.98-1.96]) [128]. This study also compared STI incidence
between PrEP-users and PEP-users, and incidence was higher among PrEP-users for all STIs
(IRR=1.76 [95% CI: 1.14-2.71]), with the exception of oral gonorrhoea (IRR=0.53 [95% CI:
0.23-1.25]). Beymer et al. observed a significant increase in the incidence of rectal
chlamydia (IRR=1.83 [95% CI: 1.13-2.98], p=0.01) and syphilis (IRR=2.97 [95% CI: 1.23-
7.18], p=0.02) comparing the pre- and post-PrEP periods [127]. In contrast, Corales et al.
reported a reduction in the proportion of subjects with at least one STI diagnosis between
the six months pre- and post-PrEP (7.4% vs. 3.0%, p=0.17) [121]. In a similar analysis over
12 month periods, Montano et al. showed an increase in the prevalence of chlamydia (6.5%
to 22.2%, p=0.001) and gonorrhoea (10.2% to 19.4%, p=0.06), but a (non-significant)
decrease in syphilis (10.2% to 6.5%, p=0.33) [126]. For this cohort, STI incidence in the
PrEP-users was substantially higher than that of the HIV-negative population, e.g.
chlamydia incidence: 53.9 per 100 PY for PrEP-users vs. 2.3 per 100 PY for HIV-negative

population (p-values or denominators not reported).

In the iPrEx-OLE cohort, there was no significant difference in syphilis incidence between
PrEP-recipients and non-recipients (7.2 per 100 PY vs. 5.4 per 100 PY, HR=1.35 [95% CI:
0.83-2.19]) [119]. In PROUD, after adjustment for the number of screens, there was no
evidence of a difference between the trial arms for individual STIs or overall (OR=1.33 to

aOR=1.07 [95% CI: 0.78-1.46], p=0.74) [13].
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4.4.5 Summary

Several open-label PrEP studies have attempted to address the impact of PrEP on STI
incidence. Most identified an increased risk of STIs among PrEP-users but findings were not
consistent; this was supported by the heterogeneity identified in the Traegar et al. meta-
analysis [120]. Also, the studies suffered from serious methodological limitations, for
example, using control groups which were particularly susceptible to temporal (e.g.
background changes in STI rates over time for pre- and post-PrEP comparisons) [121, 122,
127, 128] or selection bias (e.g. comparison with participants not continuing with PrEP in
iPrEX) [119]. The statistical approaches used were not the most appropriate for making pre-
and post-PrEP comparisons or for analysing repeated outcome data. Furthermore, in most
studies follow-up was limited to one year after PrEP initiation. The most fundamental
limitation, however, was that none of the studies, apart from PROUD had a randomised
comparison, and therefore, the control group may differ substantially from the group who
initiated PrEP. PROUD is the only study that was both randomised and open-label, and
provides the most robust evidence on the impact of PrEP on STI incidence. It also has a
relatively long period of follow-up (up to four years). In the rest of this chapter, I present
new analyses of PROUD, along with a detailed discussion of the methodological issues
underlying these analyses. This is preceded by a description of the STI data collected in

PROUD.
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Table 4.1: Review of methods used to assess effect of PrEP on STIs in the literature

Study STI data Screening Control group Statistical methods Findings
collected frequency
Beymer r/u CT and Quarterly  Historical control Generalised linear mixed model (GLMM) to There were no significant changes in r/u/o GC or
[127] r/u/o GC, STI group of pre-PrEP determine the difference in STl incidence 365 days  uCT. Significant changes were observed in rCT
syphilis screening pre- and the 365 days post-PrEP. All STIs were (IRR=1.83, p=0.01) and syphilis (IRR=2.97,
(when on included in the same model and the interest was p=0.02).
PrEP) with the interaction between the STI (and location)
and the pre-/post-PrEP variable. The GLMM was a
log-link random intercept Poisson model with the
log of time since last screen as an offset.
Corales* Not specified  Not Historical control of = Compared the proportion of those with infectionin  7.4% self-reported STI in six months prior. After
[121] specified group pre-PrEP the six months prior to the proportion in the six initiating PrEP, 3.0% reported an STI (p=0.17).
months after PrEP. No statistical test reported). I
compared using chi-squared tests.
Grant* CT, GC and Every 24 Participants of the Reported incidence of syphilis comparing those that There was no significant difference in rates of
[119] syphilis (only  weeks or iPrEX trial that did were on PrEP to those that did not take up PrEP use  syphilis between PrEP and non-recipients (7.2
present where not uptake PrEP in generalised estimating equations. vs. 5.4 per 100 PY, HR=1.35 [95% CI: 0.83-
syphilis) symptoms the open label 2.19)).
present extension (not
randomised)
Golub* r/u CT and Quarterly  Historical control of  Presented proportions positive at each quarter. Also  13% of participants were diagnosed with an STI
[122] GC and or where group pre-PrEP presented the proportion with an STI in the 6 in the six months pre-PrEP. At three months,
syphilis symptoms months prior but did not directly compare the rates. 13% were diagnosed with an STI but these
present No statistical test reported. cannot be compared due to the different time-
frames.
Lal*[123] r/uCTand Quarterly  None (butcollected  Compared incidence between the 0-m3 and the m3-  There was a significant increase in the
r/o GC and STI data at start of m12 using negative-binomial model. proportion with an STI between baseline
syphilis PrEP) Proportion of participants with atleast 1 STl in 0- (12.3%) and m9-m12 (29.5%)(p=0.005).

m3 and m3-m12 were compared by using a chi-
square test.

I compared cumulative at baseline with m9-m12
using chi-squared tests.
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Liu* [124] r/u/oCTand Quarterly None (but STl incidence was calculated from enrolment until Proportion with a rectal and pharyngeal STI reduced
GC and collected STI data  the last STI test. between baseline and week 24 (15% to 9% and 11%
syphilis at start of PrEP) Presented proportion of individuals with to 7%, respectively [estimated from figure in paper]),

infection (by anatomical site) at each time and then increased at week 48 (14% and 9%,
interval in a figure p<0.05). Syphilis and pharyngeal infections remains
relatively stable during follow-up.

Marcus* r/u/oCTand Quarterly None (but Calculated cumulative incidence of STIs by time STI positivity by quarter remained stable from

[125] GC and collected STIdata  point using the Kaplan Meier method and the baseline to month 12, except uGC (0.9%-2.5%,
syphilis at start of PrEP) proportion of positivity at each quarter was p=0.012) and rCT (7.7%-14.1%, p<0.001).

analysed using chi-squared tests.

McCormack* r/u/oCTand Six monthly Randomised Proportions and logistic regression analysis After adjustment for the number of screens, there was

[13] GC and or on control group of adjusting for number of screens to account for no difference in STI positivity between the trial arms
syphilis indication deferred PrEP detection bias. (OR=1.33 to aOR=1.07 [95% CI: 0.78-1.46], p=0.74).

More detailed analysis presented in remainder of
chapter.

Montano* rCT, r/u GC Quarterly Pre- and post- Compared proportions of infections before and There was an increase in the prevalence of chlamydia

[126] and syphilis PrEP and HIV- after PrEP. Compared STI incidence between (6.5% to 22.2%, p=0.001) and gonorrhoea (10.2% to

negative PrEP-users and HIV-negative population. No 19.4%, p=0.06), but a decrease in syphilis (10.2% to
population statistical test reported. 6.5%, p=0.33).
[ used chi-squared tests to compare pre- and post- STl incidence in the PrEP-users was substantially
PrEP proportions. Incidence could not be formally  higher than that of the HIV-negative population: CT,
compared due to no presentation of denominator. 53.9 vs. 2.3 per 100 PY; GC, 46.3 vs. 2.1 per 100 PY.

Nguyen r/u/oCT and Screen at Historical control  Incidence analysis with multivariate Poisson Increase in overall STI rates between the pre- and

[128] GC and patients’ of group pre-PrEP  analysis, adjusting for the number of screening post-PrEP phase (IRR=1.72, 95% Cl: 1.22-2.40). After
syphilis discretionin  and a post-PEP visits during the 12 months pre-PrEP and 12 adjusting for number of screens, this difference

year prior control group months post-PrEP periods. remained but was inconclusive (alRR: 1.39 [95% CI:
and then 0.98-1.96]).

quarterly STI risk was among PrEP-users was higher than that
when on observed in the PEP group (alRR: 1.76 [95% CI: 1.14-
PrEP 2.71]).
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STI, sexually transmitted infection; r, rectal; u, urethral; o, oral; CT, chlamydia; GC, gonorrhoea; PrEP, pre-exposure prophylaxis; p, p-value; Cl, confidence interval; HR, hazard
ratio; PY, person-years; GEE, Generalised estimating equations; PEP, post-exposure prophylaxis; IRR, incidence rate ratio; alRR, adjusted incidence rate ratio;
*Included in Traegar et al. meta-analysis




4.5 STI data collection in PROUD

4.5.1 STI history prior to enrolment

Participants self-completed a questionnaire at enrolment and were asked to specify which,
if any, bacterial STIs they had been diagnosed with in the prior twelve months. 95.0%
(517/544) completed these questions, and 60.5% (313/517) reported at least one STI

diagnosis.

At enrolment, clinicians were asked to report historical information on whether the
participant had ever been screened for, or diagnosed with, each of the STIs (not presented

in this thesis).

4.5.2 STI screening at enrolment and follow-up

PROUD visits were scheduled to occur quarterly to obtain PrEP and perform HIV screens,
with an additional visit one month after the initiation of PrEP primarily to check adherence.
At the start of the trial, clinics were asked to perform pharyngeal swabs, rectal swabs, and
urine/urethral swabs for gonorrhoea and chlamydia, and collect blood for syphilis every six
months. At other visits, including enrolment and one month after PrEP initiation, clinics
were advised to screen for STIs if indicated, and according to routine clinic practice. 49.6%
(270/544) participants had an STI screen at baseline. The protocol amendment in October
2014 required that STI screens be conducted every three months, rather than every six
months, in line with changes in national guidelines [130]. However, more frequent STI

screening pre-dated this change due to screening by indication or clinic practice.

For each infection, the number of screens carried out and the number of infections identified
since the participant’s last visit was recorded, by anatomical site when relevant (Lab CRF,
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Appendix 6). The analytical implications of combining different STIs and/or different sites
of infection are discussed in Section 4.6.4. One screen was reported for each infection at the
majority of visits (87%), which was likely to have occurred at that current visit. Data were
also collected on viral infections, such as: hepatitis B, genital warts, and genital herpes, but

these are not analysed in this thesis.

4.5.3 STI screening by phase of trial

The deferred phase was defined according to that described in Section 2.5.3. The date of the
participant’s final STI screen was used if this was prior to their assigned deferred phase.
The post-deferred phase was defined as the time from the end of the participant’s deferred
phase to the date of their last STI screen (if screened during this period). STIs diagnosed on

the last date of their deferred phase were attributed to the deferred phase.

During the deferred phase, 509 participants (IMM 265 vs. DEF 244) contributed at least one
of 1969 screens (IMM 1093 vs. DEF 876) over a total follow-up of 462.7 PY. Of the 35
participants who were not screened, 3 were diagnosed with HIV at baseline (IMM 2 vs. DEF
1), 13 (IMM 2 vs. DEF 11) were last seen at baseline, 11 (IMM 5 vs. DEF 6) were seen after
randomisation but did not receive a screen, and 8 (IMM 1 vs. DEF 7) acquired HIV before

receiving an STI screen.

453 (IMM 245 vs. DEF 208) participants contributed 3458 screens (IMM 1832 vs. 1626)
during the post-deferred phase over 779.1 PY. Of those not screened during this period, 21
(IMM 5 vs. DEF 16) were censored due to diagnosis of HIV infection (either during the
deferred phase or early during the post-deferred phase), 37 (IMM 17 vs. DEF 20) never
attended clinic during this period, and 1 (IMM 0 vs. DEF 1) participant attended clinic but

was not screened.
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4.6 Methodological considerations and PROUD results

This section of the chapter discusses methodological challenges in analysing STI data, both
generally and in assessing whether STI incidence is affected by the provision of PrEP. A re-
analysis of the deferred phase of PROUD is presented in this section to demonstrate specific

methodological points.

4.6.1 Control group

The principal methodological consideration is defining an appropriate control group. There
are two main possible approaches. First, one can compare the IMM and DEF groups during
the deferred phase in terms of STI outcomes, as was reported in the main trial publication
[13]. This comparison is unbiased (randomisation ensures the comparability of the two
groups) and the groups are compared during the same period of calendar time, an
important consideration given that STI incidence can show strong temporal variation
(Section 4.8). A limitation of this approach is that the very high efficacy of Truvada was not
generally appreciated until the publication of the results from PROUD and IPERGAY [12,

13]. Thus risk behaviour during the deferred phase may not reflect current behaviours.

The second approach is to compare the two periods when the DEF group did and did not
have access to PrEP in a before-and-after analysis (pre- and post-PrEP). This can be done
either by (a) a direct comparison of STI incidence in the deferred and post-deferred phases,
or (b) estimating STI incidence by calendar time and observing whether there was a
detectable shift when knowledge of Truvada efficacy became widely known. The IMM group
could also be informative for (b). However, a before-and-after analysis is less robust than
the first approach described above. There are likely to be temporal changes in STI incidence
and sexual risk behaviour is not static over time, likely towards lower risk as seeking

enrolment in the trial suggests a self-perception of high risk at the point of enrolment [131].
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However, the indication of an increase in HIV incidence during the deferred phase may

suggest this is not the case in PROUD (Chapter 2).

4.6.2 Inclusion of baseline infections

STI screens were not conducted on all participants at baseline as this was not a protocol
requirement. This raises two analytical considerations: (a) how to account for the unknown
STI status of participants at baseline; and (b) the inclusion/exclusion of infections
diagnosed at baseline. A number of participants who were not screened at baseline, were
subsequently diagnosed with an infection at their first screen, e.g. 6% of participants were
diagnosed with oral gonorrhoea at their first screen after baseline (data not shown). As the
infections could have genuinely been acquired during follow-up, they were included and
therefore analyses presented in this chapter may over-estimate the number of infections
acquired during follow-up. Infections at baseline were not counted in the majority of
analyses as they could dilute differences between trial arms seen during follow-up.

However, they were included in the analyses over calendar time (Section 4.8).

4.6.3 Detection bias

Detection bias, defined in Section 4.4.3, is a highly pertinent issue in PROUD. First, during
the deferred phase there was a highly significant difference in the number of STI screens
between IMM and DEF groups (mean 4.1 vs. 3.6, p=0.0008). This was probably due to IMM
participants attending clinic more frequently in order to obtain PrEP [13]. Second, the
protocol STI screening schedule changed from every six months to every three months in
October 2014, complicating interpretation of temporal trends in general, and comparisons

of the deferred phase and post-deferred phases in particular.
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Figure 4.2 shows the relationship between the number of screens and the probability of
detecting an STI during the deferred phase, by trial arm. In the IMM arm, a strong linear
relationship was seen: a 92% increase in the odds of STI positivity for each additional STI
screen (OR=1.9 [95% CI: 1.5-2.4], p<0.001). The trend was not as clear in the DEF arm but

remained statistically significant (OR=1.3 [95% CI: 1.1-1.5], p=0.001).

Figure 4.2: Relationship between number of screens and probability of STI in deferred
phase, by trial arm
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In the main Lancet publication, a logistic regression analysis was performed adjusting for
the number of screens (fitted as a linear term) [13]. Figure 4.2 casts doubt on the validity of
the analysis since it suggests that the effect of the number of screens should be modelled
differently in the IMM and DEF arms. On the other hand, there is no obvious explanation
why the relationship should be dependent on arm. Possible reasons other than chance could
be the loss of the highest risk participants in the DEF arm due to HIV infection, or the loss of

low risk participants in the DEF arm due to lack of need for PrEP.
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Table 4.2 shows unadjusted and adjusted estimates repeating the analysis presented in The
Lancet. After adjusting for the number of screens, the trial arm effect shifted towards the
null for all outcomes. After adjustment, there remained an indication of an increased risk of

chlamydia in the IMM arm; however, this was not formally significant.

Table 4.2: Logistic regression analysis of STI diagnosis during deferred phase. Comparison
of trial arms, with and without adjustment for the number of screens

STI OR (95% CI) p-value aOR (95% CI) p-value
Any 1.4 (1.0-2.0) 0.068 1.1 (0.8-1.6) 0.548
Key 1.3(0.9-1.8) 0.173 1.1 (0.8-1.7) 0.458
Chlamydia 1.6 (1.1-2.4) 0.024 1.4 (0.9-2.1) 0.110
Gonorrhoea 1.2 (0.8-1.7) 0.366 0.9 (0.6-1.4) 0.664
Syphilis 1.4 (0.8-2.4) 0.310 1.3(0.7-2.4) 0.327

STI, sexually transmitted infection; OR, odds ratio (IMM vs DEF); CI, confidence interval; aOR, adjusted OR (adjusting for
number of screens as a linear term); key, rectal chlamydia, rectal gonorrhoea or syphilis.

Appropriateness of adjusting for number of screens

Figure 4.3 illustrates the complexity in ascertaining whether PrEP leads to a greater risk of
STl infection (via risk compensation). In a real-life setting, we can only know the number of
STI diagnoses and the number of screens an individual has received, rather than their true
STI status. To account for the relationship between STI screens and STI diagnoses, several
studies have adjusted for the number of STI screens in their analysis [13, 128]. However,
whilst this is appropriate for an external confounder (e.g. additional screening driven by
clinic attendance for PrEP - which we want to adjust for), it is not appropriate for a variable
that lies on the causal pathway (e.g. clinic attendance driven by symptoms - which we do
not want to adjust for) (Figure 4.3) [132, 133]. Other reasons for attending for a screen
include a perceived high risk of acquiring STIs and partner notification by a sexual contact
who has an STI. Therefore adjusting for the number of screens in the analysis may be an
over-adjustment, defined as introducing bias or reducing precision [132]. In reality, the
number of STI screens (and their timing) is likely both a confounder and an instrumental

variable and it is neither completely correct to apply adjusted or unadjusted models. Causal
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models, which require information on the reasons for screening, would be a possible
approach to resolve this dilemma [134]. In summary, caution is needed when using STI
diagnoses as an indicator of risk compensation. Nonetheless, it remains the most relevant
indicator and presenting results with and without adjustment for the number of screens is

a pragmatic compromise.

Figure 4.3: The mediating role of STI screening between PrEP and STI infection
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Assessing the impact of a different screening schedule

To gain some insights into the impact of screening frequency on measured STI incidence I
conducted an analysis of PROUD data after January 2015, by which time the protocol
schedule changed from STI screening every six months to every three months (plus testing
on indication). The analysis was restricted to participants with at least three consecutive
three-monthly screens after this protocol change, and if multiple screens were conducted
within the same quarter, then results were combined. STI incidence was first calculated
using this “complete” dataset based on a three-monthly screening schedule. Next, incidence
was calculated under hypothetical six-monthly screening by not directly counting the
results of screens conducted at months 3, 9, 15, etc. Instead, any STIs diagnosed at these
visits were projected forwarded to the next visit under the assumption that they would not
have naturally cleared in an interval of less than three months. This is equivalent to counting

STIs diagnosed at consecutive screens as one infection rather than two infections.
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Follow-up time was defined from the first screen after January 2015 until their last screen
included in the dataset. 306 participants were included in the analysis, with a median of 6
(IQR: 5-7) quarterly screens. Total follow-up time was 360.9 person-years; the median
follow-up was 1.3 years (IQR: 1.0-1.5 years). During this period, 132 participants were
diagnosed with chlamydia, 137 participants diagnosed with gonorrhoea and 82 with

syphilis.

There was an increase in STI incidence assuming a three-monthly screening pattern
compared to six-monthly (Table 4.3): a relative increase of 9.3% for chlamydia (p=0.39);
9.2% for gonorrhoea (p=0.37); and 23.0% for syphilis (p=0.07). The more pronounced
effect observed for syphilis was driven by a higher rate of consecutive diagnoses compared
to chlamydia and gonorrhoea. This could be partly due to a reporting bias whereby the STI
is recorded as a new infection prior to clearance. Syphilis is particularly susceptible to this
given the longer recuperation period [135-137]. This is an indication that the STI data
captured in PROUD would have benefitted from detail on the time of diagnosis, time of

treatment, test of cure, and reason for each screen.

Table 4.3: STI incidence by hypothetical three- and six-monthly STI screens

Six-monthly Three-monthly
screening screening
Incidence Incidence Relative

STI n dig(:zles (per 100 dig(:zles (per 100 increase in

g PY) g PY) incidence
Chlamydia 300 356.7 183 51.3 200 56.1 9.3
Gonorrhoea 300 356.7 195 54.7 213 59.7 9.2
Syphilis 306 3609 135 37.4 166 46.0 23.0

STI, sexually transmitted infection; n, number of participants; PY, person-years.

The increase in STI incidence between six- and three-monthly screening highlights the
importance of considering screening frequency when comparing trial arms, different

studies or different phases within a study when screening frequency differs. However, as
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discussed in the previous subsection, the best approach for dealing with this is unclear. For

simplicity, subsequent analyses in this chapter will present unadjusted analyses.

4.6.4 Multiplicity: concurrent STIs and site of infection

STI screening is conducted according to anatomical site and infection. A swab is taken from
the rectum and pharynx (oral) and occasionally the urethra, although this site is more
typically assessed using a urine specimen. Nucleic acid amplification tests (NAATSs) are run
for both chlamydia and gonorrhoea using the same specimen. Syphilis requires a blood test
to be conducted and tested using rapid plasma regain (RPR), enzyme-linked
immunosorbent assay (ELISA) or Treponema pallidum haemagglutination (TPHA),
depending on syphilis history. STI treatment is infection specific, although the duration of
treatment may vary according to the anatomical site. Given the multiplicity of different STIs
and different sites of infections, one needs to consider how to combine this complex
information, according to the question of interest. In this subsection, I illustrate these

considerations using data from the entirety of PROUD.

Concurrent STIs

Table 4.4 shows the permutations of concurrent diagnoses of chlamydia (any site),
gonorrhoea (any site), and syphilis. Infections were mostly detected in isolation (82.9%),
although concurrent chlamydia and gonorrhoea was not uncommon (12.5%). As each
infection is clinically and epidemiologically distinct (including infectivity) it is logical to

analyse them separately.
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Table 4.4: Permutations of concurrent STIs, by infection

_Chlamydia _Gonorrhoea

n, number of concurrent diagnoses

Syphilis n %
453 39.1
295 25.4
214 18.4

126 10.9

32 2.8

......... - -

"""" 19 1.6
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Site of infection

Table 4.5 shows the permutations of the different sites where chlamydia and gonorrhoea
were detected. Chlamydia was generally detected in the rectum alone (62.9%), although
urethral chlamydia was also relatively common (27.9% overall). The frequencies of rectal
and oral gonorrhoea were similarly high, with infection at these sites commonly observed
(60.3% and 55.3% overall, respectively). The low frequencies of oral chlamydia alone
(6.4%) and urethral gonorrhoea alone (8.2%) raise questions about the cost-effectiveness

of these screens.

Table 4.5: Permutations of concurrent STIs, by site of infection

Chlamydia
Rectal Oral : Urethral : n %

297 62.9
............................ - o
"""""""""""""""" 34 7.2
30 6.4
............... o o
............ - -
................ ; -
Gonorrhoea
Rectal Oral __Urethral n %
186 30.0
173 279
............... s 53
51 8.2
............................ = =
30 4.8
21 3.4

n, number of concurrent diagnoses

As the treatment of chlamydia and gonorrhoea does not depend on the site of infection
(although the duration of treatment may) it makes sense to create composite variables for
the detection of infection at any site, separately for chlamydia or gonorrhoea. A number

studies reporting STI data, including those reviewed in Section 4.4, do not distinguish by

137



site of infection in their analysis. Although composite variables are the most relevant from
a clinical and public health perspective, analyses by site of infection may provide insights
into the mechanisms of risk compensation and shifts in population sexual risk behaviour.
For example, if PrEP largely impacted the use of condoms for anal sex, one would anticipate
changes in the frequency of urethral and anal infections rather than the frequency of oral

infections.

Composite variables

The analysis of baseline predictors of HIV (Chapter 2) introduced the concept of a “key STI”,
defined as rectal chlamydia, rectal gonorrhoea, or syphilis. The rationale for this was that
these infections were most likely contracted through receptive anal sex without a condom,
and this variable may therefore be a useful surrogate for being at high risk of acquiring HIV
infection. Table 4.6 shows the different components of this composite variable and

demonstrates that each infection makes an important numerical contribution.

Table 4.6: Permutations of concurrent key STIs, by infection

Rectal Rectal

_chlamydia _gonorrhoea Syphilis n %
259 30.3
229 26.8
"""""""""""""""" 222 26.0

80 9.4

......... 55 24

.......... o 5

.......... - <o

n, number of concurrent diagnoses

In addition, an analysis of the total number of STI diagnoses (regardless of site) gives an
overall picture of STI risk and a measure of clinical burden. It is also of interest to describe
the proportion of participants who do not experience any STIs; given their high endemicity

and the long follow-up in PROUD, this is an indication (although not proof) that an
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individual participant is at low risk of HIV infection and thus possibly taking PrEP

needlessly. Variability between individuals is discussed further in Section 4.6.5.

Analyses in this section and Section 4.7 will consider concurrent diagnoses of the same
pathogen at different anatomical sites (e.g. rectal chlamydia and urethral chlamydia) as one
infection due to the need for only one form of treatment. Concurrent pathogens will be
counted as multiple infections even when present at the same anatomical site since they
require different treatments, and, therefore, provide information on the clinical burden of
these diagnoses. Analyses in this section and the next therefore use composite STI

outcomes: any; key; and infection specific (chlamydia, gonorrhoea and syphilis).

4.6.5 Repeatinfections

The standard approach for analysing disease incidence data is Poisson models. These
models assume that all individuals have the same underlying rate of experiencing the event
of interest. It is important to examine this assumption given that individuals can experience
several episodes of each STI. When this assumption is violated it is referred to as over-
dispersion, frailty, or heterogeneity [138]. An important consequence of ignoring over-
dispersion and incorrectly fitting Poisson models is that standard errors for incidence rates

and for incidence rate ratios (when comparing two or more groups) are under-estimated.

There are a number of possible alternative models when heterogeneity is present in count
data, including negative-binomial, zero-inflated Poisson, and zero-inflated negative-
binomial [139]. Negative-binomial models account for heterogeneity by incorporating a
dispersion parameter (o). The Poisson model is a special case of the negative-binomial
model, where a=0 [138, 140]. Zero-inflated models employ two components that
correspond to two zero generating processes. The first process is governed by a binary

distribution that generates “structural” zeros [138]. The second process is governed by the
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Poisson or negative-binomial distribution that generates counts, some of which may also be

Zero.

Comparison of models using post-deferred phase in PROUD

lillustrate the problem using data from the post-deferred phase in PROUD (combining IMM
and DEF groups) since the longer follow-up gives more information on the degree of
heterogeneity. Of the 453 participants with a screen during the post-deferred phase, follow-
up time ranged from 2 days to 2.7 years (total follow-up 779.1 PY). The number of STIs
diagnosed per individual ranged widely (range: 0-11, median 1 [IQR: 0-3]). Many
participants (156/453, 34.4%) had no STI diagnoses during this period, even those with a
long follow-up (Figure 4.4).

Figure 4.4: Association between total follow-up time and number of STI diagnoses in the
post-deferred phase
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Each model was fitted with an offset for the follow-up time, defined from the start of the
post-deferred phase until the last STI screen in the trial. From the parameter estimates and
each individual’s follow-up time, the expected number of participants diagnosed with 0, 1
,2, 3, ... infections was calculated for each model (Table 4.7). This clearly indicates an excess

of individuals with no infections and individuals with a large number of infections compared
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to predictions by the Poisson model. The zero-inflated Poisson model, whilst accounting
appropriately for the excess zeros, did not adequately predict the number of participants
with alarge number of infections. The number of predicted infections from the zero-inflated

negative-binomial model was similar to that from the negative-binomial.

Table 4.7: Observed and predicted number of STI diagnoses per individual during the
post-deferred phase

Predicted, by statistical model

zl‘;:‘clt’lirn‘;f Observed Poisson  NBREG ZIP ZINB
0 156 81.7 147.1 1524  153.1
1 88 114.0 102.8 63.3 90.4
2 63 108.9 69.5 74.2 69.4
3 56 76.1 46.2 65.8 49.1
4 28 419 30.4 46.4 33.0
5 20 19.1 19.9 27.2 216
6 17 7.5 13.0 13.7 13.8
7 15 2.6 8.4 6.1 8.7
8 4 0.8 55 2.4 5.4
9 0.2 3.6 0.9 33
10 0.1 2.3 0.3 2.0
11+ 4 0.0 4.4 0.1 3.2
BIC 18723 16822  1739.0 1684.9

NBREG, negative-binomial regression; ZIP, zero-inflated Poisson; ZINB, zero-inflated negative-
binomial, BIC, Bayesian information criterion

To identify the “best” fitting model it is important to account for the additional parameters
in the more complex models (one extra parameter for zero-inflated Poisson and negative-
binomial models, relative to Poisson; two extra parameters for zero-inflated negative-
binomial). One way of doing this is via the Bayesian information criterion (BIC), which is a
function of log-likelihood, the number of observations, and the number of parameters in
model. Lower values of BIC are indicative of a better model fit [141]. Table 4.8 compares the
BIC between the different models for different STI outcomes. In general, the negative-

binomial model gives the best fit using this criterion, although the zero-inflated Poisson
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model performed better for chlamydia. For consistency, negative-binomial models are used

in this section and Section 4.7.

Table 4.9 presents the parameter estimates from the negative-binomial model for each STI
outcome: the constant (or the logarithm of the average incidence rate) and the shape
parameter, a. Heterogeneity was highly significant for all infections (p<0.001), although

syphilis had the highest estimate of « (3.1 [95% CI: 2.2-4.4]).

142



14"

w

Table 4.8: Comparison of model fit for models of STI diagnoses in post-deferred phase

Poisson NBREG ZIP ZINB
STI Estimated incidence BIC Estimated incidence BIC Estimated incidence BIC Estimated incidence BIC
(95% CI) (95% CI) (95% CI) (95% CI)
Any 115.0 (107.7-122.8) 1872.3 114.8 (103.4-127.5) 1682.2* 114.0 (104.3-123.7) 1739.0 114.6 (103.0-126.3) 1684.9
Key 90.0 (83.6-96.9) 1739.7 89.8 (79.4-101.6) 1511.6* 89.4 (80.4-98.4) 1569.0 89.8 (79.1-100.5) 1515.1
Chlamydia 40.6 (36.4-45.4) 1016.7 40.5 (35.6-46.1) 1006.0 40.5 (35.3-45.7) 996.7* 40.5 (35.3-45.7) 1002.8
Gonorrhoea 46.7 (42.2-51.8) 1097.0 46.5 (41.2-52.6) 1079.4* 46.5 (41.1-51.9) 1086.3 46.5 (41.2-52.6) 1085.5
Syphilis 28.7 (25.2-32.8) 983.3 29.1 (23.5-36.1) 822.7* 28.7 (23.4-34.0) 859.5 29.1 (23.5-36.1) 828.8

NBREG, negative binomial regression; ZIP, zero-inflated negative binomial regression; ZINB, zero-inflated negative-binomial; STI, sexually transmitted infection; CI, confidence interval; BIC, Bayesian-information

criteria; key, rectal chlamydia, rectal gonorrhoea or syphilis.
*Indicates best fitting model according to BIC

Table 4.9: Negative-binomial model parameter estimates for models of STI diagnoses in post-deferred phase

Constant Estimated incidence, per 100 PY Shape parameter, a p-value
(95% CI) (95% CI) (95% CI)
Any 0.1 (0.03,0.2) 114.8 (103.4,127.5) 0.7 (0.6, 1.0) <0.001
Key -0.1(-0.2,0.02) 89.8 (79.4,101.6) 1.1(0.8,1.4) <0.001
Chlamydia -0.9 (-1.0,-0.8) 40.5 (35.6,46.1) 0.5 (0.3,0.9) <0.001
Gonorrhoea -0.8 (-0.9, -0.6) 46.5 (41.2,52.6) 0.5 (0.3,0.8) <0.001
Syphilis -1.2 (-1.4,-1.0) 29.1 (23.5,36.1) 3.1(2.2,4.4) <0.001

STI, sexually transmitted infection; CI, confidence interval; PY, person-years; key, rectal chlamydia, rectal gonorrhoea or syphilis

p-value for likelihood ratio test of shape parameter=0




4.6.6 Incidence vs. cumulative incidence

This main PROUD trial publication compared selected STI outcomes (any STI, chlamydia,
gonorrhoea, syphilis, and rectal [chlamydia or gonorrhoea]) between the IMM and DEF
arms during the deferred phase [13]. It did this using a binary approach by defining the

endpoint of at least one occurrence of each outcome (or “cumulative incidence”), using

standard methods for proportions and logistic regression analysis. Two analyses were
performed: an unadjusted analysis and a second analysis adjusting for the number of
screens. The rationale for adjustment was discussed in Section 4.6.3. A binary approach for
the deferred phase was considered to be acceptable for two reasons: (a) duration of follow-
up was approximately the same (12 months) for most participants, although clinic non-
attendance and early closure of the DEF arm meant that some participants had less follow-
up (minimum 5.5 months); (b) the relatively short follow-up meant there should be

relatively little loss of information by ignoring multiple episodes.

The more natural metric for measuring STI risk is incidence, the number of episodes divided
by the duration of follow-up. This has several advantages: (a) it accounts for variation in
duration of follow-up between individuals; (b) because data are not collapsed it should be
statistically more powerful; and, (c) it is a better measure of the clinical burden of STIs than
summarising whether or not individuals experienced any diagnoses. These advantages are
more compelling the longer the duration of follow-up. The maximum follow-up in PROUD

was 3.7 years and a binary analysis on this time-scale is highly inefficient.

Table 4.10 shows a re-analysis of the deferred phase of PROUD, comparing estimates of
cumulative incidence (updated from the main trial publication) and incidence. Using
negative-binomial models, confidence intervals for incidence estimates and IRRs (i.e. PrEP
effect) account for between patient heterogeneity (see Section 4.6.5). Of note, the

cumulative incidence analysis can ignore this complication due to masking of repeat
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infections. Negative-binomial models included follow-up time as an offset to account for

differential follow-up between participants.

For both the binary and incidence analyses, the proportions and incidences were
consistently higher in the IMM arm, compared with the DEF arm, for each STI outcome
(Table 4.10). ORs and IRRs were comparable for each STI outcome. The PrEP effect was not
particularly strong, with the exception of chlamydia, which was significantly higher in the
IMM arm for both analyses (OR=1.6 [95% CI: 1.1-2.4], p=0.024 and IRR=1.4 [95% CI: 1.0-
2.0], p=0.027); this difference was driven by differences in rectal (IRR=1.6 [95% CI: 1.1-2.4],
p=0.024) and oral diagnoses (IRR=2.7 [95% CI: 0.8-8.7], p=0.094)8. Despite the additional
power for the incidence approach, the width of the confidence intervals for relative risks

were comparable between the two approaches.

Whilst the two approaches produced similar estimates of relative STI risk between the IMM
and DEF groups, their interpretation is different. The incidence estimates are arguably the

easier to interpret and this metric is used for the remaining analyses in this chapter.

8 Rectal chlamydia incidence: IMM 29.9 per 100 PY vs. DEF 18.6 per 100 PY. Oral chlamydia
incidence: IMM 6.2 per 100 PY vs. DEF 2.4 per 100 PY.
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Table 4.10: Randomised comparison of STI risk between IMM and DEF group in deferred phase, by STI: comparison of binary approach and incidence

approach
Binary approach Incidence approach

STI Trial Participants with Proportion with OR (95% CI) p- Total Incidence per 100 IRR (95% p-
arm  infection/screen  infection (95% CI) value infections/PY PY (95% CI) CI) value

Any IMM 155/265 58.5 (52.3 - 64.5) 1.4 (1.0-2.0) 0.068 280/246.9 114.7 (99.4-132.3) 1.2 (1.0-1.5) 0.076
DEF 123/244 50.4 (44.0 - 56.8) 1.0 201/215.8 94.3 (80.1-110.9) 1.0

Key IMM 109/265 41.1(35.1-47.3) 1.3 (0.9-1.8) 0.173 186/246.9 76.5 (63.6-92.0) 1.3 (1.0-1.7) 0.094
DEF 86/244 35.2(29.3-41.6) 1.0 127/215.8 60.1 (48.6-74.4) 1.0

Chlamydia IMM 81/260 31.2 (25.6 -37.2) 1.6 (1.1-2.4) 0.024 99/243.5 40.7 (33.3-49.8) 1.4 (1.0-2.0) 0.027
DEF 53/239 22.2(17.1 - 28.0) 1.0 60/212.7 28.2 (21.9-36.5) 1.0

Gonorrhoea MM 106/260 40.8 (34.7 - 47.0) 1.2 (0.8-1.7) 0.366 143/243.5 58.9 (49.6-69.9) 1.1 (0.8-1.4) 0.573
DEF 88/239 36.8 (30.7 - 43.3) 1.0 116/212.7 54.7 (45.2-66.1) 1.0

Syphilis IMM 30/264 11.4 (7.8-15.8) 1.4 (0.8-2.4) 0.310 38/246.3 15.9 (10.8-23.4) 1.3(0.7-2.4) 0.389
DEF 21/243 8.6 (5.4-12.9) 1.0 25/214.5 12.2 (7.7-19.3) 1.0

STI, sexually transmitted infection; C], confidence interval; OR, odds ratio; PY person-years; IRR, incidence rate ratio; IMM, immediate; DEF, deferred; key, rectal chlamydia, rectal gonorrhoea or syphilis.




4.6.7 STlincidence in deferred phase stratified by pre-trial STIs

The previous analysis found no clear effect of PrEP on STI incidence. However, there may
have been an effect that was masked because the population was already at a very high level
of risk for STIs. In this section, I repeat the comparisons of the IMM and DEF groups
stratified by whether that specific STI had been reported in the twelve months prior to
enrolment. Analytical methods were the same as used in Section 4.6.5. In addition,
interactions between the trial arm effect and STI diagnoses in twelve months prior to

enrolment were considered.

The number of screens in the year prior to enrolment was significantly higher in those with
a prior diagnosis compared to those with no diagnosis in the twelve months prior to
baseline (3.4 vs. 2.4, p<0.001). During follow-up, the number of screens in each trial arm
was similar in those without a prior diagnosis (IMM 3.9 vs. DEF 3.6, p=0.26) but differed in

those with a prior diagnosis (IMM 4.3 vs. DEF 3.6, p<0.001).

This analysis showed intriguing differences for participants reporting no STI diagnosis in
the year prior. There was an indication of higher incidence in the IMM arm for: any STI
(IRR=1.5 [95% CI: 1.0-2.1], p=0.043); key STI (IRR=1.4 [95% CI: 1.0-2.1], p=0.069);
chlamydia (IRR=1.6 [95% CI: 1.0-2.5], p=0.040)19%; and syphilis (IRR=2.0 [95% CI: 1.0-3.9],
p=0.048) (Table 4.11 and Figure 4.5). These differences were not as marked in those who
did have a prior STI diagnosis, although tests for interaction were not statistically

significant, possibly due to lack of power.

% Rectal chlamydia IRR=2.0 [95% CI: 1.2-3.4, p=0.005], rectal gonorrhoea IRR=0.9 [95% CI: 0.6-1.4,
p=0.763], syphilis IRR=2.0 [95% CI: 1.0-3.9, p=0.048]
10 Rectal chlamydia IRR=2.0 [95% CI: 1.2-3.4, p=0.005], urethral chlamydia IRR=1.4 [95% CI: 0.7-
2.7, p=0.325], oral chlamydia IRR=4.4 [95% CI: 0.8-22.7, p=0.081]
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Given the difference in the number of screens pre- and post-PrEP in those reporting a prior
infection, participants may also be more susceptible to detection bias. However, my analysis
in Section 4.6.3 demonstrated that doubling the frequency of screening increased the
incidence by a relatively small amount (23% increase in syphilis), and, therefore, detection
bias does not explain the much larger effects seen in this analysis. This differential effect
could be as a result of risk compensation in a group that was previously at lower risk of STIs.

Table 4.11: STl incidence in deferred phase stratified by trial arm and STI status in twelve
months prior to enrolment

STI Base- Trial Total Incidence per 100 IRR (95% p- p-value
line arm infections PY (95% CI) ()] valu (interac
STI /PY e tion)
status
Any No IMM  96/108.2 89.6 (71.1-112.9) 1.5(1.0-2.1) 0.043 0.274
DEF 54/89.1 61.0 (45.4-81.8) 1.0
Yes IMM 184/138.7 133.8(112.3-159.4) 1.1(0.9-1.5) 0.322
DEF 147/126.8 117.3(96.9-142.0) 1.0
Key No IMM  91/1559 59.4 (46.5-75.9) 1.4 (1.0-2.1) 0.069 0.450
DEF  55/134.0 41.5 (30.7-56.0) 1.0
Yes IMM 95/91.0 104.5 (80.3-135.9) 1.2(0.8-1.7) 0.463
DEF 72/81.9 90.2 (67.4-120.7) 1.0
Chlamydia No IMM  58/164.6 35.3 (27.2-45.7) 1.6 (1.0-2.5) 0.040 0.608
DEF  30/135.3 22.2 (15.5-31.8) 1.0
Yes IMM 41/78.9 52.0 (38.2-70.8) 1.3 (0.8-2.2) 0.225
DEF 30/77.4 38.8 (27.1-55.6) 1.0
Gonorrhoea No IMM  71/143.9 49.4 (38.9-62.8) 1.1(0.8-1.6) 0.519 0.801
DEF  52/118.7 43.8 (33.1-57.9) 1.0
Yes IMM 72/99.7 72.4 (56.9-92.1) 1.1(0.7-1.5) 0.756
DEF 64/94.0 68.4 (53.0-88.3) 1.0
Syphilis No IMM  33/2289 14.7 (10.0-21.7) 2.0(1.0-3.9) 0.048 0.091
DEF  14/193.4 7.4 (4.2-12.9) 1.0
Yes IMM 5/17.5 29.5(9.9-87.9) 0.5(0.1-2.1) 0.368
DEF 11/21.1 55.3 (24.2-126.3) 1.0

STI, sexually transmitted infection; PY, person-years; Cl, confidence interval; IRR, incidence rate ratio; IMM, immediate; DEF,
deferred; key, rectal chlamydia, rectal gonorrhoea or syphilis.

p-value for interaction was to test for a difference in the trial arm effect according to STI diagnoses in the twelve months prior to
enrolment.
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Figure 4.5: STI incidence stratified by trial arm and baseline STI diagnoses
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4.7 Comparison of deferred and post-deferred phases

Previous sections in this chapter have mainly focussed on the deferred phase of PROUD. The
next two sections contain analyses of the STI data based on the entire PROUD follow-up.
First, I compare STI incidence between the deferred and post-deferred phases, which is
clearly of most interest in the DEF group. Second, I examine more detailed trends in STI

incidence over calendar time using three-month time windows (Section 4.8).

To account for dependency within individuals between phases, negative binomial models
included a random intercept by participant. Tests were performed to assess whether there

was an interaction between the trial arm effect and trial phase.

In the DEF arm, an increase in STI incidence between the deferred and post-deferred phase
was observed for all outcomes, with the exception of gonorrhoea (Table 4.12 and Figure
4.6). The increase was statistically significant for syphilis (IRR=2.2 [95% CI: 1.3-3.7],
p=0.003), key STIs (IRR=1.4 [95% CI: 1.1-1.9], p=0.004)11, and chlamydia (IRR=1.4 [95% CI:
1.1-1.9], p=0.023)12. A similar quantitative increase in syphilis incidence was observed in
the IMM arm (IRR=2.0 [95% CI: 1.3-3.1], p=0.002), but the increase in key STI incidence was
smaller (IRR=1.2 [95% CI: 1.0-1.5], p=0.095) and no increase was observed for chlamydia

(IRR=1.0 [95% CI: 0.8-1.3], p=0.854).

The findings for syphilis are highly instructive in the interpretation of before-after
comparisons of STl incidence in other studies. Without a control group (here the IMM arm)

the large increase observed in the DEF group could have been misinterpreted as strong

11 Rectal chlamydia IRR=1.6 [95% CI: 1.1-2.3, p=0.015], rectal gonorrhoea IRR=1.0 [95% CI: 0.7-1.4,
p=0.993], syphilis IRR=2.2 [95% CI: 1.3-3.7, p=0.003]
12 Rectal chlamydia IRR=1.6 [95% CI: 1.1-2.3, p=0.015], urethral chlamydia IRR=0.9 [95% CI: 0.5-
1.5, p=0.660], oral chlamydia IRR=1.9 [95% CI: 0.6-5.9, p=0.290]
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evidence for risk compensation. The similar change in the IMM group shows that this change
was probably unrelated to the use of PrEP. Detection bias could be a factor here as the
switch to the more intensive screening frequency occurred primarily during the post-
deferred phase of the trial. On the other hand, gonorrhoea incidence, which would have
been expected to have been similarly affected, showed a slight decrease between the
deferred and post-deferred phases. The relative increase in chlamydia diagnoses in the DEF
group was the same as that observed in the randomised comparison between IMM and DEF,
and similarly driven primarily by rectal chlamydia (Section 4.6.5); this further supports that
chlamydia diagnoses were higher among PrEP-users. However, it remains unclear whether

this is a marker of higher sexual risk or a result of higher screening frequency when on PrEP.
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Table 4.12: STI incidence by trial arm and phase

Deferred phase Post-deferred
STI Trial Total Incidence per 100 Total Incidence per 100 IRR (95% p- p-value
arm infections/PY PY (95% CI) infections/PY PY (95% CI) Ch) value (interaction)

Any IMM 280/246.9 114.9 (98.6-133.8) 488/423.7 115.9(101.2-132.8) 1.0 (0.8-1.2) 0.857 0.136
DEF 201/215.8 94.6 (79.7-112.4) 408/355.4 113.5(97.9-131.6) 1.2 (1.0-1.5) 0.067

Key IMM 186/246.9 76.5 (63.3-92.6) 392/423.7 93.5(79.3-110.2) 1.2 (1.0-1.5) 0.095 0.269
DEF 127/215.8 60.2 (48.5-74.9) 309/355.4 85.6 (71.4-102.5) 1.4 (1.1-1.9) 0.004

Chlamydia IMM 99/243.5 40.9 (33.1-50.6) 169/416.8 40.6 (34.2-48.2)  1.0(0.8-1.3) 0.854 0.061
DEF 60/212.7 28.3 (21.7-36.9) 144/353.4 40.4 (33.6-48.7)  1.4(1.0-1.9) 0.023

Gonorrhoea IMM 143/243.5 59.0 (49.2-70.6) 190/416.8 45.5(38.7-53.5)  0.8(0.6-1.0) 0.024 0.468
DEF 116/212.7 54.8 (45.0-66.8) 170/353.4 47.8 (40.2-56.8) 0.9 (0.7-1.1)  0.280

Syphilis IMM 38/246.3 15.8 (10.8-23.3) 129/421.3 30.8 (23.1-41.1) 2.0(1.3-3.1) 0.002 0.749
DEF 25/214.5 12.2 (7.7-19.2) 94/354.4 27.1(19.7-37.3)  2.2(1.3-3.7) 0.003

STI, sexually transmitted infection; PY, person-years; Cl, confidence interval; IRR, incidence rate ratio; IMM, immediate; DEF, deferred; key, rectal chlamydia, rectal gonorrhea or syphilis.
p-value for interaction was to test for a difference in the trial arm effect according to trial phase
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Figure 4.6: STI incidence by trial arm and phase
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4.8 STI incidence over calendar time

Analyses in the previous section point to the presence of calendar time changes in the
incidence of some STIs. In this section [ examine the effect of calendar time in more detail.
STI incidence was calculated by calendar quarter and trial arm. Contributions of person-
time for each quarter was calculated by splitting the follow-up from the date of
randomisation until the last screen, regardless of whether the participant had a screen
during that given period or not. Incidence was only presented for the time periods with
more than 30 person-years follow-up. In contrast to comparative analyses of the
randomised groups, the analysis over calendar time includes infections reported at baseline

to reflect time trends.

Figure 4.7 shows the calendar trends in incidence for STIs by pathogen and anatomical site.
Two time points when sexual behaviour among trial participants could have changed are
marked on the graphs. The first was in October 2014, when the IDMC advised that all
participants should be given access to PrEP, and the second was in February 2015, when
the results of PROUD were presented at CROI and the high effectiveness of PrEP (86%)

became widely known [34].

There was little difference between the incidence rates in the two arms. The only consistent
difference was a higher rate of syphilis in the IMM arm, compared to DEF, until 2015-quarter
(Q)2. Between October 2014 and February 2015, the DEF group had a lower incidence of
rectal chlamydia compared to other time points and the IMM arm, possibly reflecting a

change in screening or clinic attendance when coming forward for PrEP.

There were clear changes in STI incidence over calendar time for some individual STIs.
Syphilis incidence increased until 2015-Q2 and then plateaued going from 12.6 per 100 PY

(95% CI: 3.4-32.2) in 2013-Q4 to 38.6 per 100 PY (95% CI: 24.2-58.5) in 2015-Q2 in the DEF
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arm. Rectal chlamydia, but not oral or urethral chlamydia, also increased until 2015-Q2.
Gonorrhoea incidence reduced during the study, at all three anatomical sites. Despite these
changes, none appeared to be associated with the closure of the DEF arm or announcement

of PrEP effectiveness.

The reduction in gonorrhoea incidence at all three anatomical sites suggests that this was
being driven by external factors (e.g. gonorrhoea in general MSM population), rather than
solely behavioural changes. In contrast, the increase in rectal chlamydia diagnoses was not
reflected in urethral and oral infections. Given that incidence of urethral and oral chlamydia
remained constant, diagnoses of rectal chlamydia are likely to provide an indicator of

penetrative anal intercourse.

In the context of national data, trends observed in PROUD were similar to those observed
in MSM attending STI clinics in England [142]. Over the course of PROUD (2012-2016), the
number of syphilis diagnoses in England increased over two-fold, which was similar to the
relative increase observed between the deferred and post-deferred phase in the trial.
Chlamydia diagnoses among MSM were consistently on the rise in England until 2015, and
remained similar in 2016 (~13000). After a seven-fold increase in gonorrhoea diagnoses
between 2007 and 2015, there was a 22% reduction between 2015 and 2016. This
reduction coincided with an uptake in HIV prevention strategies, as part of this strategy, an
increase in STI testing may have aided the diagnoses of asymptomatic infections and
prevention of onward transmission [142]. These factors could have also contributed to the

reduction in gonorrhoea seen in PROUD.
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Figure 4.7: STl incidence over calendar time by trial arm
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4.9 Discussion

49.1

Key findings

Although there are several open-label studies in PrEP-users, PROUD is the only
study with a randomised design to evaluate the impact of daily PrEP on STIs
Reported studies and PROUD confirm that MSM seeking PrEP are at high risk of STIs
and frequent screening is clinically justified

Analyses need to pay careful attention to selection of the control group, risk of
detection bias, choice of statistical model, managing concurrent diagnoses (more
than one anatomical site, more than one pathogen) and repeat infections, and
changes in background STI incidence over calendar time

Estimating STI incidence is more appropriate than estimating that probability of
ever being diagnosed, and the negative-binomial model was the best fit for the
PROUD data due to the heterogeneity in risk between participants

Using these methods, I conclude that the incidence of STIs, particularly rectal
chlamydia, was higher among PROUD participants with access to PrEP

Detection bias may have inflated the observed STI incidence in PrEP-users

compared to non-users

The fact that STI incidence was high in PROUD participants before they enrolled in

the trial may limit the ability to assess whether PrEP increases STI incidence

In this chapter, I argued that STI acquisition is the appropriate objective outcome measure

for risk compensation as it is of public health relevance. There was a high ongoing incidence

of STIs, especially rectal and syphilis infections during PROUD, demonstrating that

participants remained at high risk of HIV throughout the study. This highlights that

participants continued to require PrEP, and is further evidence of the durability of PrEP for
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preventing HIV. The high STI incidence supports the change to three-monthly STI screening
in PROUD for the majority of participants, as well as the quarterly screening
recommendation for PrEP-users by BHIVA/BASHH [42]. Although, a substantial proportion
of PROUD participants never experienced an STI. Therefore, a lack of an STI diagnosis may

raise the question around whether PrEP remains relevant for the individual (Chapter 2).

This chapter has discussed the use of an incidence approach over a binary approach.
Incidence incorporates all infections acquired over follow-up reflecting the clinical burden
and accounting for differences in follow-up time. Whilst the results did not substantially
differ between the binary and incidence methods in PROUD, caution needs to be taken if
using a binary approach for future STI analyses due to repeated events and differential
follow-up. Another consideration, from a statistical perspective, is the high heterogeneity in
STI risk between individuals, and this should be taken into account when selecting the
analytic method. For the PROUD data, I identified that the negative-binomial model

provided the best fit to the data.

There was an indication that STI risk was higher amongst PrEP-users, particularly
chlamydia, although, this was not a particularly strong effect. Given the dense social
networks of MSM populations, even small changes in sexual behaviour are likely to impact
STI acquisition [106]. Therefore, it was surprising that the effect of PrEP on STI risk was not
more pronounced. The PROUD cohort was already at high sexual risk upon entering the
study and, therefore, it may be that there was little possibility of further change in behaviour
as a result of PrEP. PrEP had a slightly more marked effect on the STI risk in those with no
history of STIs in the twelve months prior to enrolment which may reflect a lower risk
behaviour profile prior to joining the study. This was especially marked for rectal chlamydia
and syphilis which could imply a greater likelihood of condomless anal intercourse and an

increase in sexual partners who were HIV-positive (among whom STI incidence rates are
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generally higher)[143]. However, this could be partly explained by a change in screening

patterns.

This chapter has described the impact that the number of STI screens can have when using
STI diagnoses as a marker of risk compensation (“detection bias”). It is difficult to establish
whether this has driven the association between PrEP and the increase in STI rates
observed in PrEP studies so far, given the complex nature of screening and sexual behaviour
[13, 123-128]. An analysis presented in Section 4.6.3 demonstrated that a doubling in
screening from six- to three-month would increase STI diagnoses rates by 9% in gonorrhoea
and chlamydia and 23% in syphilis. These effects are relatively small and therefore it is
unlikely that the observed differences in incidence were driven solely by differences in
screening. Simple statistical adjustment that does not discriminate between reasons for
screening is likely to over-adjust for factors related to STI risk. Therefore unadjusted
analyses provide a more clinically relevantinsightinto the PrEP effect on STIs, but the ‘truth’
is likely to lie between adjusted and unadjusted results [132]. In order to answer whether
STIs increase because of PrEP, complex causal modelling would be required to separate
these effects. This would require detailed and complex datasets on the precise dates of STI
diagnoses, the dates and outcome of STI treatment, and the reasons for screening. PROUD,
and other studies reported in the literature, did not collect these details, and it is unlikely
that another randomised PrEP study would be conducted to collect this. Even so, there is a
possibility that however detailed and complex an analysis or dataset, residual bias would

likely remain.

Strong trends in STI incidence over time have been observed in both PROUD and sexual
health clinic attendees [142, 144]. Given that changes in the background STI incidence are
likely to be reflected in a PrEP study population, caution needs to be taken when performing

a pre- and post-PrEP comparison, as is common in the literature [121, 122, 126-128]. A key
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strength of PROUD is the ability to make a randomised PrEP comparison on STI risk, and a

control with access to PrEP for the entire study (IMM arm) for longer term analyses.

4.9.2 Conclusion

In conclusion, regardless of whether PrEP is driving the increase in STI incidence, MSM
seeking PrEP are at risk of STI acquisition. For those using PrEP it should be made clear that
they remain at risk of acquiring STIs despite being protected from HIV. Nevertheless, PrEP
has been shown to be almost entirely effective at preventing HIV, and a PrEP programme is
likely to play an important role in controlling the onward transmission of STIs in this high-

risk population [145].

The extensive analyses I conducted using the PROUD data support the results of other
studies that observed a small increase in STIs in PrEP-users, but the changes over calendar
time were more impressive confirming the importance of national surveillance of STIs in

the population regardless of PrEP use.
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5 Hepatitis C risk and predictors in PrEP-users

5.1 Introduction

At the beginning of PROUD, in 2012, HCV incidence among HIV-negative MSM was
considered low and was not part of routine screening [146, 147]. Early observations in
PROUD suggested that participants were at a much higher than expected risk for HCV and
quarterly HCV testing as part of the trial was introduced in March 2015 [148, 149]. In this
chapter, I will summarise the literature on HCV amongst HIV-positive and HIV-negative
MSM (including those accessing PrEP), describe the data collected in PROUD, estimate HCV
seroprevalence and incidence, identify predictors of HCV acquisition and examine trends

over time.

5.2 Background

PrEP may lead to any or all of: a decrease in condom-use during anal intercourse; an
increase in the number of casual sexual partners; and an increase in the number of HIV-
positive sexual partners [118]. Little is known about HCV incidence amongst HIV-negative
MSM in the UK, especially those seeking PrEP. A systematic review concluded that HCV
incidence was 19-fold higher in HIV-positive MSM compared to HIV-negative MSM
(described further in Section 5.4) [150], and therefore sexual mixing could increase the

chance of exposure to HCV amongst HIV-negative MSM taking PrEP [151].

In 2012, the National Institute for Health and Care Excellence (NICE) published guidelines
on hepatitis B and C testing [147]. Testing in sexual health clinics was recommended in
individuals at increased risk of HCV. The guidelines noted that this could be individuals who
have injected drugs, were HIV-positive MSM, or had been in close proximity to someone

with chronic HCV. The same year, the British Association for Sexual Health and HIV (BASHH)
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produced a report on safer sex which described that high HCV risk was associated with anal
intercourse without a condom (ncAl) among HIV-positive MSM or individuals reporting

fisting, regardless of HIV status [46].

In spite of the guidelines released in 2012, HCV testing was not commissioned and therefore
not part of routine screening in the sexual health clinics where PROUD took place. Risk was
generally thought to be low amongst the HIV-negative MSM population, and the PROUD
protocol initially recommended screening for HCV “on indication” [152]. In March 2015,
additional funding was acquired to reimburse study sites for HCV screening at every PROUD
visit (which occurred quarterly). The visit CRF was also expanded to capture HCV-

associated risk factors including chemsex, group sex, injecting, fisting and use of sex toys.

5.3 Aims

The aims of this chapter are:

1. Summarise the current literature on: HCV risk in HIV-positive and HIV-negative
MSM (Section 5.4); and HCV risk amongst MSM using PrEP (Section 5.5)

2. Describe HCV screening and risk factor data collected during PROUD (Section 5.6)
and identify predictors of acquiring a HCV screen before it became routine (Section
5.7)

3. Estimate HCV seroprevalence and incidence in PROUD (Section 5.8)

4. Discuss methods for calculating HCV incidence over calendar time (Section 5.9)

5. Identify predictors of HCV acquisition and examine the trends of HCV risk factors

over time (Section 5.10-5.11).
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5.4 Literature review: HCV incidence among HIV-negative and

HIV-positive MSM

A systematic literature review and meta-analysis estimating the HCV incidence amongst

HIV-positive and HIV-negative MSM was published in 2017 by Ghisla et al. [150].

5.4.1 Study selection

Ghisla et al. searched medical databases for papers reporting HCV incidence in MSM
between January 2000 and October 2016. In order to reduce bias from different
transmission routes (i.e. infected blood products) in developing countries, study areas were
restricted to Europe, North America, Australia, and Taiwan. Pooled estimates of HCV
incidence were calculated by performing a DerSimonian and Laird random-effects meta-
analysis. Ghisla et al. identified 28 relevant studies: 27 included HIV-positive populations,
four of which also analysed HIV-negative individuals; and one study was solely HIV-negative
participants. From the UK, five studies reported HCV incidence for HIV-positive MSM [153-

157], of which one also presented data on HIV-negative MSM [157].

5.4.2 HCV incidence

Overall, the estimated incidence in HIV-positive MSM was 7.8 per 1000 person-years (PY)
(95% confidence interval (CI): 6.0-9.7 per 1000 PY) (Figure 5.1). This was 19 times higher

than that estimated amongst HIV-negative MSM (0.4 per 1000 PY [95% CI: 0.0-0.9]).

HCV incidence varied widely geographically but incidence in HIV-positive MSM was
consistently higher than negative populations in the same location, with the exception of
one Australian cohort (HIV-negative 1.1 per 1000 PY [95% CI: 0.3-2.6] and HIV-positive 0
per 1000 PY [95% CI: 0.0-15.4])[158]. Although, in this study, the HIV-positive group was

much smaller than the HIV-negative group (238.1 vs. 4412.1 PY). There was variability
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amongst the HIV-positive MSM, where HCV incidence ranged from 0 per 1000 PY (95% CI:
0-15.4 per 1000 PY) in a cohort in Sydney, up to 23.5 per 1000 PY (95% CI: 16.6-33.3 per
1000 PY) in an Amsterdam outpatient clinic [158, 159]. Interestingly, no HCV infections
were observed in a cohort of HIV-negative MSM in Amsterdam during 7808 PY of follow-up

(0 per 1000 PY, 95% CI: 0.0-0.5) [160].

UK studies of HIV-positive MSM, published between 2006 and 2016, reported similar HCV
incidence to one another (8.5-11.8 per 1000 PY) [153-157], substantially higher than HIV-

negative MSM in a 2008 Brighton study (1.5 per 1000 PY [95% CI: 0.5-3.5]) [157].

Ghisla et al. reported were also trends over time, with HCV incidence in HIV-positive MSM
increasing up to 2010. Studies with follow-up before 2000 had a pooled incidence of 2.6 per
1000 PY (95% CI: 0-5.8 per 1000 PY), increasing to 6.8 per 1000 PY (95% CI: 3.0-10.6 per
1000 PY) between 2000 and 2005, and further to 10.1 per 1000 PY (95% CI: 5.8-14.3 per
1000 PY) in 2006-2010. After 2010, the incidence then stabilised (8.1 per 1000 PY, 95% CI:

2.7-13.5).

HCV incidence estimates varied widely between studies, even within participants of the
same HIV status. There are three possible explanations for this. First, incidence estimates
depend on HCV screening strategy, with a trend for this to have become less selective in
recent years. Second, there is likely substantial variability by geographical location and the
characteristics of the cohort being followed. Third, there is evidence that background HCV
incidence may change over calendar time within a study population. This is observed, for
example, in the comparison of HCV incidence reported by van de Laar et al. and
Vanhommerig et al. in the Amsterdam cohort studies (1.8 per 1000 PY [follow-up: 1984-

2003] vs. 4.5 per 1000 PY [follow-up: 1984-2012])[159, 161].
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Figure 5.1: Forest plot of meta-analysis produced by Ghisla et al. of HCV incidence in HIV-
negative and HIV-positive MSM (image redacted due to copyright)

5.4.3 HCVrisk factors

Thirteen papers reported HCV risk factors, two of which included HIV-negative populations.
They reported risk factors mentioned in at least three different studies. Although, they
reported “other sexual risk factors”, regardless of the number of reporting studies (Table

5.2).

Several predictive factors were identified: history of syphilis; acute syphilis; history of
injection drug use; recreational drug use; sexual behaviour; fisting; and the use of sex toys.
Eight studies estimated the effect of syphilis (history or acute) on HCV incidence, and all

found a significant association. Given that both HCV and syphilis can be acquired sexually,
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this not particularly surprising. However, it is unclear whether syphilis increases the risk of
HCV acquisition or both are markers of high-risk behaviours (or “risky sex”). Two studies
considered the effect of other STIs, but these were not presented in the Ghisla et al. review!3

[162, 163].

The association between injecting drugs and HCV acquisition is well established, and
therefore it was unsurprising that injection drug use was found to be a predictor of HCV in
two of the three studies which considered this. Two studies demonstrated an increased risk
for other recreational drug-use (poppers and alcohol intake), which could be driven by
sexual disinhibition whilst using such substances. Associations with other risk factors, such

as rimming, fisting, and use of sex toys, were not as clear and require further investigation.

5.4.4 Summary

HCV risk amongst HIV-positive MSM was consistently higher than HIV-negative MSM in
studies within similar locations. However, HCV incidence estimates were highly
heterogeneous and few studies included an HIV-negative population (n=5). The strength of
this systematic review was the thorough search of the literature. However, the estimates of
HCV incidence may be unreliable since HCV testing during the period of follow-up (1984-
2014) is likely to have been selective (only 41.5% screened in Brighton study) [157].
Findings in terms of factors associated with increased HCV risk were largely consistent.
However, no attempt was made to derived a pooled estimate of the effects of the different

HCV risk factors across studies.

13 Apers et al.: chlamydia or gonorrhoea in past year: aOR=4.5 [95% CI: 1.1-18.3]
Breskin at al.: gonorrhoea aRR=1.0 [95% CI: 0.8-1.1]; chlamydia aRR=1.2 [95% CI: 1.0-1.4]
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Given the sexual risk behaviours of individuals seeking PrEP, HCV risk is likely to be higher
in PrEP-users compared to HIV-negative MSM who are not seeking PrEP. The next section

describes a literature search I conducted on HCV risk amongst PrEP-users.

Figure 5.2: Effect sizes of risk factors for HCV (combined HIV-negative and HIV-positive
MSM) produced by Ghisla et al. (image redacted due to copyright)

167



5.5 Literature review: HCV risk among PrEP-users

5.5.1 Study selection

In July 2018, I searched PubMed using the terms described in Table 5.1 to identify studies
which estimated HCV prevalence or incidence amongst PrEP-users. For the papers
identified in the search, the references were also checked to verify that no relevant papers
had been missed. Abstracts for the International AIDS Conference (AIDS), International
AIDS Society Conference (IAS), and CROI between 2016 and 201814 were also searched to
identify relevant abstracts which may not have been published, as were papers reporting

the results of PrEP trials in MSM (described in Section 1.3).

Table 5.1: PubMed search terms for HCV incidence among PrEP-users

Topic of interest Location in paper Search term used
1 Hepatitis C Title (“HCV”[ti] OR "Hepatitis"[ti]))
2 Hepatitis C Abstract (“HCV”[ab] OR "Hepatitis"[ab])
3 PrEP Title (“preexposure prophylaxis”[ti] OR “pre-
exposure prophylaxis”[ti] OR “PrEP”[ti])
4  Date of Paper published ("2012/01/01"[PDat]:"2018/07/09"[PDat])
publication since PrEP
approved by FDA
(2012)

FDA, Food and Drug Administration

Search used: (1 OR 2) AND 3 AND 4

The search in PubMed identified 39 papers which fit the criteria. 34 papers were excluded
for a number of reasons, including: study was not focused on MSM; the participants were
not on PrEP; the study reported hepatitis A or B, rather than HCV; or the article was an
editorial discussing papers identified in the search. Five papers were deemed relevant for
inclusion into the review [12, 128, 164-166]. No additional papers were found in the
references of these papers. A further three studies reported HCV incidence in PrEP-users at

CROI 2018 [167-169]. The eight relevant studies are discussed below and presented in

14 AIDS 2016, IAS 2017, CROI 2016-2018
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Table 5.2 [12, 128, 164-169]; two were from the AmPrEP study [164, 168] and two were
from IPERGAY [12, 167]. If studies did not report confidence intervals for prevalence and

incidence estimates, I calculated these using the cii command in Stata.

5.5.2 Summary of studies

IPERGAY (Molina et al. and Gras et al.)

IPERGAY was a randomised trial in France and Canada to assess the efficacy of an on-
demand PrEP regimen, where participants were randomised to receive TDF-FTC (n=199)
or placebo (n=201) [12]. Participants were included in the trial if they reported a history of
unprotected anal sex with at least two partners in the past 6 months. An exclusion criterion
of the trial was identifying chronic HCV at the enrolment visit. Screening for HCV occurred
at enrolment, every six months, and on indication if high alanine transaminase (ALT) was

detected at quarterly visits.

The main paper of the IPERGAY trial reported five incident HCV infections during the trial,
but they did not report this by trial arm [12]. A secondary analysis aimed to assess the
sensitivity of tests used to diagnose HCV infections in the blinded and open-label phases of

the trial [167]. HCV incidence was estimated to be 1.4 per 100 PY (95% CI: 0.7-2.4).

AmPrEP (Hoornenborg et al., 2017 and Hoornenborg et al., 2018)

The AmPrEP study is a demonstration project in Amsterdam which was set up to assess the
uptake and acceptability of daily vs. event-driven PrEP [164]. Inclusion was restricted to
participants reporting a bacterial STI in the six months prior, ncAl with a casual partner, a
course of PEP, or a HIV-positive partner with either an unknown or detectable viral load.
375 MSM were screened for HCV at baseline and quarterly study visits [164, 168]. AmPrEP
reported a baseline HCV prevalence of 4.8% (18/375, 95% CI: 2.9-7.5%), which was much

higher than previously reported in HIV-negative MSM.
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HCV-positivity at PrEP initiation was associated with: lower age (p=0.019); bacterial STI
(rectal, urethral, chlamydia, gonorrhoea and syphilis) in the six months prior to enrolment
(p=0.041); higher number of ncRAI in the previous three months (p<0.001); injection drug
use (p=0.003); and chemsex (p<0.001). Phylogenetic analyses demonstrated that the HCV
isolates in PrEP-users were in clusters with both HIV-positive and HIV-negative MSM,

suggesting an overlap in sexual networks.

HCV incidence during follow-up was 1.51 per 100 PY (95% CI: 0.72-3.17). Rates were not
significantly different (p=0.69) between those taking daily PrEP group (1.16 per 100 PY)
and those taking event-driven PrEP (1.68 per 100 PY) [168]. Because of the high HCV
seroprevalence at baseline and incidence during follow-up, the AmPrEP investigators
recommended that continued HCV screening should be offered to PrEP-users in order to

prevent the spread to the wider HIV-negative MSM population.

Nguyen et al.

A retrospective cohort study in a Montreal sexual health clinic compared the incidence of
STIs (including HCV) in MSM, prior to, and 12 months following, the prescription of PrEP
(n=109) [128]. PrEP was prescribed to individuals reporting a HIV-positive sexual partner
with a detectable viral load, or multiple ncRAI partners with unknown HIV status. Patients
were considered in the analysis if they had at least 12 months follow-up pre- and post-PrEP
initiation. STI incidence was also estimated for MSM in the twelve months following a PEP
prescription in the same clinic (n=86). The frequency of recommended HCV screening
differed between groups; this was at the patients’ discretion prior to PrEP and post-PEP, but
occurred quarterly for PrEP-users. No incident cases of HCV were observed for any of the
participants, however two had been previously infected (one PrEP and one PEP user).
Nguyen et al. concluded that the rates of HCV were lower amongst the MSM attending than

the MSM participating in AmPrEP.
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Volk et al.

Volk et al. wrote a letter to the editor of Clinical Infectious Diseases journal about HCV
seroconversions occurring amongst PrEP-users in a San Francisco clinic [166]. The
frequency of HCV screening was not reported. Over a total follow-up of 304 PY (n=485
participants), two HCV infections were observed, giving an incidence of 0.7 per 100 PY (95%
CI: 0.08-2.4 per 100 PY). No HCV risk factors, other than ncRAI, were reported for the two
individuals, highlighting the important of sexual transmission in MSM receiving PrEP. The
authors concluded that it was important to monitor for HCV amongst individuals initiating

PrEP and to counsel on the risk of acquiring HCV sexually.

Mikati et al.

A sexual health clinic in New York City (NYC) performed HCV Ab screening when individuals
came to initiate PrEP (n=758) or PEP (n=381) [169]. 99.7% of patients received a screen at
PrEP or PEP initiation. HCV seroprevalence was calculated for both groups and was found
to be low, 0% (95% CI: 0-1.0) in PrEP-users, and 0.4% (95% CI: 0.08-1.2) in PEP-users.
Mikati et al. reported that the seroprevalence within the HIV-negative MSM attending their
sexual health clinic was lower than that estimated for the general population in NYC (2.4%
[range: 1.5-4.9]) and the United States (1.3% [95% CI: 1.2-1.5) [170, 171]. Despite this,
Mikati et al. concluded that a PrEP programme at an STI clinic provides a good opportunity

to monitor trends for sexually acquired HCV.

Cotte at al.

Cotte et al. estimated HCV prevalence and incidence among HIV-positive MSM (n=10049)
and MSM using PrEP (n=930) in a large French cohort [165]. HCV screening was carried out
yearly for HIV-positive MSM and quarterly for PrEP-using MSM. HCV incidence was
estimated to be the same in the HIV-positive (1.2 per 100 PY [95% CI: 0.6-2.2]) and PrEP-

using MSM (1.2 per 100 PY [95% CI: 0.9-1.6]). Cotte et al. pointed out that this could be due
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to HIV-positive individuals and MSM accessing PrEP sharing similar sexual practices, and

therefore should receive the same prevention strategies for HCV.

5.5.3 Summary

To summarise, the studies that have estimated HCV seroprevalence and incidence in MSM
that have initiated PrEP are also highly heterogenous, with a study in Montreal reporting no
infections [128] and the AmPrEP study observing a 4.8% seroprevalence and incidence of
1.51 per 100 PY [164, 168]. European studies reported higher rates than North American

studies, suggesting a strong geographical influence on the risk of HCV.
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ELT

Table 5.2: Summary of PrEP studies reporting HCV risk

Location Period of Methods Frequency of HCV Number of HCV incidence or prevalence (95% CI)*
study screening participants
IPERGAY: France and 2012- Reported overall number of At enrolment, every 199 on-demand PrEP-users (cumulative incidence): 1.3% (95%
Molina, 2015 Canada 2015 acquired HCV infections. six months, and on PrEP-users and CI: 0.4-2.0)
[12] indication if high ALT 201 placebo
Gras, 2018 France and 2012- Aim was to ascertain the At enrolment, every 428** participants PrEP-users (incidence): 1.4 per 100 PY (95% CI:
[167] Canada 2016 sensitivity of different tests ~ six months, and on (PrEP and placebo) 0.7-2.4)
used for HV diagnoses. indication if high ALT
Presented HCV incidence.
AmPrEP: Amsterdam, 2015- Estimated HCV prevalence All screened at 375 PrEP-initiators ~ PrEP-initiators (prevalence): 4.8% (95% CI:
Hoornenborg, Netherlands 2016 in PrEP-users. Compared baseline 2.9-7.5)
2017 [164] HCV isolates with HIV-
positive MSM and other risk
groups to identify clusters.
Hoornenborg, Amsterdam, 2015- Estimated overall HCV Quarterly 372 PrEP-users PrEP-users (incidence): 1.51 per 100 PY (95%
2018 [168] Netherlands 2017 incidence and incidence was Cl: 0.72-3.17)
also calculated by PrEP
regimen (daily or event- Daily PrEP: 1.16 per 100 PY (CI not reported)
driven). Event-driven PrEP: 1.68 per 100 PY (CI not
reported)
Nguyen, 2018 Montreal, 2010- Estimated HCV incidencein ~ Year prior to PrEP: at 109 PrEP-users,86  Pre-PrEP (incidence): 0 per 100 PY (95% CI: 0-
[128] Canada 2015 the 12 months prior- and patients’ discretion PEP-users 3.4)
post-PrEP. Incidence was
also compared between Year on PrEP: PrEP-users (incidence): 0 per 100 PY (95% CI:
post-PrEP and PEP quarterly 0-3.4)
prescriptions.
PEP-users: at Post-PEP (incidence): 0 per 100 PY (95% CI: 0-
patients’ discretion 4.3)
Volk, 2015 San 2011- Estimated HCV incidence Not specified 485 participants, PrEP-users (incidence): 0.7 per 100 PY (95% Cl:
[166] Francisco, 2014 among PrEP-users. 304 person-years 0.08-2.4)
USA

Table continued on following page
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99.7% of patients
received a screen at
PEP or PrEP initiation

381 PrEP-initiators
758 PEP-initiators

PrEP-users (prevalence): 0% (95% CI: 0-1.0)

PEP users (prevalence): 0.4% (95% CI: 0.08-
1.2)

Mikati, 2018 New York 2016- Estimated HCV prevalence
[169] City, USA 2017 of PEP and PrEP-initiators.
Cotte, 2018 France 2016- Estimated HCV prevalence
[167] 2017 and incidence among HIV-

positive patients with
serological follow-up in
2016, and PrEP-users
between January 2016 and
June 2017.

PrEP-users: quarterly

HIV-positive: yearly

930 PrEP-users and
10049 HIV-positive

PrEP-users:
Prevalence: 1.8% (95% CI: 1.1-2.9)
Incidence: 1.2 per 100 PY (95% CI: 0.9-1.6)

HIV-positive MSM:
Prevalence: 6.8% (95% Cl: 6.3-7.3)
Incidence: 1.2 per 100 PY (95% CI: 0.6-2.2)

HCV, hepatitis C; CI, confidence interval; PY, person-years; PrEP, pre-exposure prophylaxis; P, p-value; PEP, post-exposure prophylaxis; USA, United States of America; ALT, Alanine transaminase;
*Exact confidence intervals for prevalence were calculated if studies did not report. Confidence intervals assuming a Poisson mean were calculated for incidence if studies did not report.
**Although not reported, different sample size to main study likely due to the difference in assessed for eligibility (n=445) and included in modified intention to treat analysis (n=400)




5.6 Data collection for HCV in PROUD

This section describes the HCV infection data collected in PROUD, the definitions used for

seroprevalent and incident infections and the collection of HCV risk factor data.

5.6.1 HCV data collected during PROUD

Information on the screening and diagnosis of HCV was collected in a number of ways
during PROUD (Table 5.3). Participants self-completed a baseline questionnaire which
asked whether they had been diagnosed with HCV in the 12 months prior to enrolment
(Form 2, Appendix 3). Further to this, the clinician reported whether the participant had

ever been screened for, or diagnosed with, HCV (Form 1, Appendix 7).

At the start of PROUD, clinics were advised to follow guidelines and screen for HCV “if
indicated”. PROUD follow-up visits were scheduled quarterly, where information on the
number of HCV screens and infections since the last visit were collected. In order to assess
HCV seroprevalence, incidence and risk factors, from March 2015, PROUD acquired
additional funding to reimburse clinics for screening participants at every study visit. The
laboratory case report form (CRF) (Form 5, Appendix 5) did not distinguish between Ab and
Ag tests, and, therefore, when an infection was reported the PROUD team contacted clinics
directly to obtain further information. Upon indication of a new infection, clinics were asked
to provide information, either via email or using an additional CRF (Appendix 7), on the

dates of the last negative Ab/Ag test, viral load (VL) and injection drug use.

The PROUD protocol specified that in the event of HIV seroconversion, it was the choice of
the participant to decide whether they wanted to continue with PROUD follow-up in
addition to routine HIV-care. We therefore may have missed some HCV infections that post-

dated an HIV infection.
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Table 5.3: HCV infection information collected during PROUD

CRF/method Information Time-scale

Eligibility (clinician Whether the participant has been screened for HCV Any point

report) or diagnosed with HCV before

enrolment

Baseline (self-report)  Diagnosed with HCV Past 12 months

Laboratory Number of HCV screens and whether diagnosed with  Since last visit
HCV

Contact with clinic Precise dates of last negative and first positive Ab/Ag NA

ALT and VL at/after diagnosis
Treatment/spontaneous clearance details
Injection drug use

CRF, case report form; HCV, hepatitis; Ab, antibody; Ag, antigen; ALT, alanine aminotransferase; VL, viral load; NA, not
applicable.

5.6.2 Defining seroprevalent and incident HCV infections

A seroprevalent infection was defined as evidence of a prior or current HCV infection at
enrolment into the study. Specifically, the presence of HCV Ab/Ag/RNA at enrolment, or
Ab/Ag/RNA identified shortly after randomisation, with other evidence to support recent
acquisition. A clinician report of an infection prior to the study was also considered as a

seroprevalent infection.

Anincident HCV infection was defined by a positive Ab or Ag testin a previously Ab negative
individual, or a positive Ag or RNA test in a participant who had cleared HCV. If an infection
was diagnosed after randomisation on the first test during follow-up, the Trial Management
Group (TMG) made a clinical decision based on ALT measures, VL at diagnosis, and time

since randomisation.

5.6.3 Risk factor data collected during PROUD

Demographic, sexual and clinical information were collected in a number of ways during
PROUD follow-up (Table 5.4). The self-completed questionnaire at baseline collected
information on demographic factors, such as age, ethnicity, education, employment status,
and relationship status (Form 2, Appendix 3). Participants were also asked to report which

drugs they had used in the prior three months, although they were not asked how the drugs
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were administered. This is important for HCV because of the transmission risk associated

with injection drug use.

At the start of PROUD, the visit CRF asked whether ncAl had occurred since the last study
visit. In March 2015, in line with the HCV sub-study, the visit CRF was updated to collect
HCV-associated risk factors since the last visit (chemsex, injection drug use, snorting
cocaine, group sex, use of sex toys and fisting (by glove use), Form 4, Appendix 10). The CRF
was also updated to include the number of ncAl partners in the past 30 days. Drug use in
follow-up and injecting had not been collected as part of the study up until this point. The
visit and laboratory CRFs collected information on the number of PEP prescriptions since

the last study visit, and STI screens and diagnoses since the last.

Participants were asked to complete an Adherence and Sexual Behaviour Questionnaire
online on a monthly basis or on paper at a quarterly visit if they had not completed a form
online (Form 3, Appendix 11). These were most frequently completed for the time period
before the quarterly visits (Appendix 12). The monthly questionnaire focussed on the
number of sexual partners in the prior 30 days, capturing: the total number of sexual
partners; the number of partners with whom insertive anal intercourse without a condom
(nclAl) took place; and the number of partners with whom receptive anal intercourse
without a condom (ncRAI) took place. Additional information was captured on the ncRAI
partners: the number that they had engaged with previously; the number with an unknown
HIV status; and the number that were known to be HIV-positive and not on treatment. The
number of new ncRAI partners was derived from the total number of ncRAI partners within
the last 30 days, and of those, the number of ncRAI partners that they had sex with
previously. Participants were also asked for more detail about the last anal sex act in the 30
day period in terms of sexual position and condom use, and about the partner with whom

they last had ncRAI (HIV status and whether they had previously had sex with this partner).
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Table 5.4: Risk factor information collected during PROUD

CRF Information Time-scale
Baseline Demographic information: education status; NA
ethnicity; born in UK; age; relationship status;
London site; employment status .
Drug use: chemsex associated drugs Past three
(methamphetamine, GHB, mephedrone or ketamine); months
and poppers.
Other factors: depression score; circumcision. NA

Visit (pre-March and
post-March 2015)

Has condomless anal sex occurred?

Since last visit

Number of PEP prescriptions

Since last visit

Visit (post-March
2015)

How many condomless anal sex partners?

Past 30 days

Drug use (chemsex, injecting drugs, snorting
cocaine), group sex, sex toys, fisting (by glove use)?

Since last visit

Laboratory STI screens and diagnoses (rectal/pharyngeal/rectal  Since last visit
GC and CT, syphilis, HCV, hep B)
Monthly Total number of partners, total receptive (ncRAI) and Past 30 days

insertive (nclAl) partners without a condom

Number of ncRAI partners with unknown HIV status

Past 30 days

Number of ncRAI partner HIV-positive and not
currently on treatment

Past 30 days

Number of previous ncRAI partners

Past 30 days

Condom use and position during the last Al

Past 30 days

HIV status and treatment status of last ncRAI partner

Past 30 days

CRF, case report form; UK, United Kingdom; NA, not applicable; GHB, Gamma-hydroxybutyrate; PEP, post-exposure
prophylaxis; PrEP, pre-exposure prophylaxis; chemsex, sexualised drug-use; STI, sexually transmitted infections; GC,
gonorrhoea; CT, chlamydia; HCV, hepatitis C; hep B, hepatitis B; HIV, human immunodeficiency virus; ncRAI receptive
anal intercourse without a condom; Al, anal intercourse; ncAl, anal intercourse without a condom.

5.7 Screening for HCV

This section describes the HCV screening patterns during PROUD over time, by clinic, and a

participant level. I also consider how the change to routine screening impacted

ascertainment of HCV status and review the factors that predicted a screen prior to the

change when screening was conducted “if indicated”.
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5.7.1 HCV screening patterns

Only 24.4% (133/544) of participants were screened for HCV at enrolment, but 91.7%
(499/544) were screened at least once during the study. Nine of the 499 were screened only
at baseline, and do not contribute to the incidence analysis (Section 5.9). Figure 5.3
illustrates, by time since enrolment, the cumulative number of participants who had
received at least one HCV screen, demonstrating a number of participants had been in the

study for a substantial amount of time before they were screened.

Figure 5.3: Cumulative number of participants with a HCV screen by study time
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Figure legend: Horizontal dashed line indicates the 544 participants recruited to PROUD.
Vertical dotted line indicated the start of the HCV sub-study.

Figure 5.4 demonstrates the probability (moving average) of having a HCV screen at a study
visit over calendar time!s. The average proportion screened at a visit before January 2015
was 33.8%. Testing increased from this point through to the start of the sub-study in March

2015, after which the proportion screening was 80.6%.

15 The moving average was calculated as the proportion of visits with a HCV screen in the 90 day
period (%45 days) around that particular time point.
179



Figure 5.4: Moving average of percentage of visits involving a HCV screen by calendar time
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The percentage screening at each visit varied widely by clinic, ranging from 6.7% to 81.0%
prior to the sub-study (p<0.001, Figure 5.5), with screening less likely in London clinics
compared to non-London clinics (31.9% vs. 42.0%, p<0.001). After the sub-study began, the
proportion of screening increased in all clinics (range: 56.3-95.6%, Figure 5.5), although the
increase was relatively small in two clinics (Clinic 11 and 13), although their screening rate

was already relatively high.

Figure 5.5: Proportion of visits with a HCV screen, by study clinic and HCV sub-study
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Figure legend: London sites: 1,2, 3, 5, 6, 7, 10, 11.

Figure 5.6 shows the distribution of the date of the last HCV screen in the trial for the
participants. 369 participants had a screen in the final calendar year of the study (2016) and

294 of those were from July onwards.

Given the nature of HCV, if a participant tests Ab negative towards the end of the study, we
know that they could not have acquired the infection during the trial (and at
randomisation). Clinical judgement was used to determine the likely timing of infections
diagnosed shortly after enrolment. Therefore, under the assumption that the status was
known for all participants at enrolment, participants could contribute person-years from
randomisation until their last screen, regardless of whether they were screened at baseline.
This approach also reduces bias, since incorporation into the analysis is not based on HCV
screening frequency or HCV status. As a result, HCV status was known for 93.8%

(1188.9/1267.1 PY) of the follow-up time.

Figure 5.6: Distribution of last HCV screen in PROUD
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5.7.2 Individual predictors of having a HCV screen

[ focused next on the participant characteristics that predicted HCV screening in the period

when screening was conducted “if indicated” (pre-March 2015).

Statistical methods

To assess the predictors of receivinga HCV screen, I considered pertinent baseline and time-
updated factors at each visit from the start of PROUD (November 2012) to the end of
February 2015 (pre-HCV sub-study). Chemsex associated drug-use, popper-use, and
relationship status were taken from the baseline questionnaire because they were not
collected again during this period (Table 5.4). Time-updated factors were: PEP prescription
since the last visit; a key STI diagnosis since the last visit; and the grouped number of ncRAI
partners taken from the monthly questionnaire (0, 1, 2-4, 5-9, 10+). For time-updated
variables, information was taken from the participants’ most recently completed

questionnaire.

To account for within-patient dependency, generalised estimating equations (GEEs) were
used to model the association between risk factors and receiving a HCV screen. Logistic
regression models were fitted using the binomial family and a logit link function. Due to the
variability in HCV screening observed between clinics (Section 5.7.1), clinic was adjusted
for in each model. Autocorrelation matrix structures (independent, exchangeable, and auto-
regressivel¢) were compared using the ‘quasilikelihood under the independence model
criterion’ (QIC). The model with the smallest QIC value indicated the best fit. Multivariable

analysis was conducted by adjusting for all factors together in the model. For categorical

16 Independent correlation matrix assumes that there is not dependency in HCV screens between
visits (within a participant). Exchangeable correlation matrix assumes that the correlation is the
same for any pair of visits. Auto-regressive correlation matrix assumes that the dependency is
stronger for visits occurring closer together.
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variables, the category with the highest number of HCV screens was chosen to be the

reference category. For ordered categorical variables, p-values for trend were calculated.

Results

During the pre-sub-study period, 3457 study visits were conducted amongst the 544
participants (median visits per participant: 7, IQR: 5-8), over an average follow-up of 1.2
years (IQR: 0.9-1.5 years). A HCV screen was performed at 1208 of the visits (34.9%), with

a median number of 2 (IQR: 1-3) screens per participant.

Statistically significant predictors of receiving a HCV screen at a given visit were: the use of
chemsex associated drugs in the three months prior to enrolment, being single at baseline,
diagnosis of a key STI since the last visit, and ten or more ncRAI partners in the prior 30
days (Table 5.5). The use of chemsex associated drugs was associated with a 30% higher
odds in obtaining a screen (adjusted odds ratio (aOR)=1.3 [95% CI: 1.1-1.6], p=0.003).
Participants reporting single relationship status at baseline were at a borderline-significant
increase in obtaining a screen at each visit (p=0.04). The odds of receiving a HCV screen
increased two-fold if a key STI had been diagnosed since the last visit (aOR=2.0 [95% CI:
1.6-2.5], p<0.001). After adjustment for other covariates, participants reporting ten or more
ncRAI partners in the 30 days prior to the visit were at a nearly two-fold chance of getting a

test (aOR=1.9 [95% CI: 1.4-2.6], p<0.001) compared to those reporting zero ncRAI partners.
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Table 5.5: Predictors of HCV testing at each visit (pre-HCV sub-study)

Characteristic Total Total HCV OR (95% aOR (95% p-
visits screens (0))] (0))] value*
(%)
Trial arm Immediate 1875 636(33.9) 1.0 1.0 0.11
Deferred 1582 572 (36.2) 1.1(0.9-1.3) 1.1(1.0-1.3)
Use of chemsex No 1785 585(32.8) 1.0 1.0 0.003
associated drugs®  Yes 1569 575(36.7) 1.2(1.0-14) 1.3(1.1-1.6)
PoppersA No 1592 506 (31.8) 1.0 1.0 0.10
Yes 1762  653(37.1) 1.2(1.0-1.5) 1.2(1.0-1.4)
Relationship Not cohabiting 1044 351(33.6) 0.9 (0.7-1.2) 0.8 (0.7-1.0) 0.04
statusA Cohabiting 494 164 (33.2) 0.9(0.6-1.2) 0.9(0.7-1.1)
Single 1899 687 (36.2) 1.0 1.0
PEP useB No 3093 1071 (34.6) 1.0 1.0 0.53
Yes 364 137 (37.6) 1.0(0.8-1.3) 1.1(0.8-1.4)
Key STIB No 3024 989 (32.7) 1.0 1.0 <0.001
Yes 433 219 (50.6) 2.0(1.6-2.4) 2.0 (1.6-2.5)
No. ncRAI 0 939 288 (30.7) 1.0 1.0 0.001
partners¢ 1 873 301 (34.5) 1.1(0.9-1.3) 1.0(0.8-1.2)
2-4 915 321(35.1) 1.1(0.9-1.4) 1.0(0.8-1.3)
5-9 332 129(389) 1.3(0.9-1.7) 1.2(0.9-1.5)
10+ 252 128 (50.8) 2.3(1.6-3.1) 1.9 (1.4-2.6)

HCV, hepatitis C; OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratio;

gonorrhoea or syphilis; ncRAJ, receptive anal intercourse without a partner.

chemsex associated drugs,
methamphetamine, GHB, mephedrone or ketamine; PEP, post-exposure prophylaxis; key STI, rectal chlamydia, rectal

aOR estimated from logistic regression model, adjusting for study site and other variables in factors
ABaseline questionnaire, Bquarterly visits (time-updated), “most recent monthly questionnaire (time-updated)
p-values for relationship status calculated by comparing single and those in a relationship. p-value for trend presented for

ncRAI

5.8 HCV infections

5.8.1 Seroprevalent HCV infections

Of the 133 participants screened for HCV at enrolment, two were found to be HCV Ab

positive and active infection was confirmed virologically. An additional eight participants

were reported to have had a previous diagnosis of HCV by their clinician (Figure 5.8).

Finally, two participants (who were not screened at baseline) were determined to be HCV

viraemic at their first post-enrolment test. A definitive assessment of whether the infection

occurred before or after enrolment was not possible. However, one case was judged by the

clinicians on the Trial Management Group to have occurred before enrolment based on HCV

RNA of 9006 copies/ml and ALT of 208 at 4 weeks, and the other to have occurred after

enrolment based on HCV RNA of 1684020 and ALT=2763 at 8 weeks. This gives a total of

11 (2+8+1) seroprevalent infections at the time of enrolment.
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45 participants were not screened for HCV during the study, 14 of whom did not provide a
history of HCV at enrolment and therefore provide no information on HCV seroprevalence
or incidence (Figure 5.8). 358 participants (who had not been screened at baseline) were
found to be HCV Ab negative at their first post-enrolment test. It can be inferred that these
participants would also have tested HCV Ab negative at baseline, and can be added to the
130 individuals who actually tested HCV Ab negative, giving a total of 488. An additional 30
participants did not receive a HCV screen during PROUD, but the clinician reported no prior
history. Thus the denominator for the HCV seroprevalence rate at baseline is 530
(488+30+12 cases described above), giving an estimated seroprevalence of 2.1% (11/530,

95% CI: 1.0-3.7). It is noted that this includes individuals with active and cleared infections.

5.8.2 Incident HCV infections

There were 26 incident HCV infections in 25 of the 490 participants screened after baseline,
including the case described above diagnosed at 8 weeks. 21 participants were diagnosed
after a negative HCV Ab test during PROUD and three after detecting virus in a participant
who had cleared HCV virus after an earlier infection. One participant had two incident
infections during the study; the first was diagnosed in January 2014 and cleared after

treatment, but he acquired a new infection in February 2016.

Counting only the first infection, the overall HCV incidence during follow-up in PROUD was
2.1 per 100 PY (25/1188.9, 95% CI: 1.4-3.1). Two of the participants described above
acquired HCV infection after a diagnosis of HIV (three months and two years later).
Excluding these cases from the HCV incidence calculation reduces the estimate only slightly
(1.9 per 100 PY [95% CI: 1.2-2.9]), and they are therefore included in the remaining

analyses.

At the time of the incident HCV diagnosis, a prior history of injection drug use was reported
in 11 participants (44%, [Table 5.6]). However, it was unclear whether this was the mode

of transmission rather than sexual acquisition.

185



Alarge proportion of the infections occurred towards the end of the study in 2015 and 2016
(2015 n=12, 2016 n=9). Figure 5.7 shows the date of the last negative serological or
virological test result and the first positive test in the 25 incident infections. The large gap
observed in some cases means we are unable to accurately pinpoint the time of infection,

which complicates the analysis of calendar time trends (Section 5.9).

The wait-listed design of PROUD allows direct comparison of those taking PrEP (in the IMM
group) to those that are not (in the DEF group). In theory, this provides an opportunity to
assess whether PrEP influences HCV incidence. However, there were only three incident
HCV infections reported during the deferred phase (one IMM, two DEF), precluding

examination of this effect.

Figure 5.7: Date of last negative Ab (or Ag/RNA in a participant who had previously
cleared HCV) and first the positive Ab or Ag
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Figure legend: Left bound indicates the date of the last negative HCV screen (Ag or Ag), right
bound indicates the date of the first positive HCV screen (Ag or Ab), arrow indicates the start
of the HCV sub-study.
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Table 5.6: Details of incident HCV seroconversions

Outcome (treatment

Participant Ta::i:ll Ye;lgs(;:igZSt VL* g;‘jl(:;tlil(;: or spontaneous
clearance)

1** DEF 2013 6.2

2% IMM 2013 5.5 Y Treatment

3k DEF 2014 --- Y Treatment
4 DEF 2014 6.0
5 DEF 2015 35 Y Treatment
6 IMM 2015 --- Y Treatment
7 IMM 2015 --- Y Treatment
8 DEF 2015 --- N Treatment
9 DEF 2015 7.2 Y Neither
10 DEF 2015 - Y Spontaneous
11 DEF 2015 4.8 N Treatment
12 IMM 2015 6.9 N

13 IMM 2015 4.6 Y Spontaneous
14 DEF 2015 Y

15 IMM 2015 3.2 Y

16 IMM 2015 N

17 IMM 2016 7.0 N Treatment
18 IMM 2016 41 N Neither
19 IMM 2016 4.9 N Neither
20 IMM 2016 Y

21 DEF 2016 --- N Spontaneous
22 DEF 2016 5.7 N Treatment
23 IMM 2016 6.7 N

24 IMM 2016 N

25 IMM 2016 --- N Treatment

ID, participant identifier; VL, viral load; TMG, Trial management group; DEF, deferred; IMM, immediate; Y, yes; N,
no.

*logio viral load

**Acquired during deferred phase

Participant 1 required Trial Management Group judgement to reach conclusion on incident infection
Participants 5, 12 and 13 reported a previous infection prior to the incident infection during PROUD

Participant 3 went on to acquire an additional HCV infection during PROUD
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Figure 5.8: Hepatitis C screening and infection consort diagram

544 enrolled

Excluded;14 no HCV screens
during PROUD and missing
history of HCV at baseline

518 first screen in PROUD negative (baseline 12 first test in PROUD positive
(N=130) or follow-up (N=358)) or no report 530 with HCV status (baseline or follow-up) or report of HCV at
of history of HCV at baseline (N=30) known at baseline baseline
Excluded: 39 no HCV
screens during PROUD
479 with nega‘FiVE Ab 1 defined by TMG as I_l Ab /Ag positive at first 2 Ab/Ag posmve at I_B report history of HCV
after baseline incident HCV infection I screen after baseline I baseline with no history I at baseline
during follow-up with no prior testing I of HCV reported
1 with negative Ag after 2 with negative Ag after 7 with negative Ag after
baseline baseline baseline
19* HIV-negative 2 HIV-positive acquired
acquired HCV after HCV HCV after HCV negative 3 acquired new HCV
negative test test infections during follow-
up

Figure legend: Seroprevalent infections indicated by dashed box. Incidence infections indicated by double lined box. *One participant acquired two incident infections
during follow-up (only first considered in analysis).



5.9 Estimating HCV incidence over time

This section discusses methodological issues in calculating HCV incidence over time. I start
by discussing the choice of time-scale (time since enrolment or calendar time), and then

compare methods for calculating incidence when the precise time of infection is unknown.

5.9.1 Time-scales

Traditionally, clinical trials present data from the time of enrolment, given that the
intervention is usually the key focus. In PROUD the majority of HCV infections occurred in
the last two years of the study when everyone had access to the intervention (Figure 5.7 and
Table 5.6). Therefore, we also need to consider the effect of calendar time. Two time-scales

are possible:

1. Time from enrolment - the participants’ origin in the analysis is the point at which
they are enrolled.
2. Calendar time - the time-origin is from the start of the trial (29t November 2012),

with participants entering the analysis when they are enrolled (delayed entry).

In both analyses, individuals are censored at the date of HCV diagnosis or their last HCV
screen in the trial, whichever is earlier. The overall incidence in the two time-scales is
equivalent because the amount of follow-up time contributed by each participant is the

same.

Figure 5.9 illustrates the cumulative hazard of acquiring HCV from enrolment (stratified by
trial arm). There was no evidence of a difference between the IMM and the DEF group (log-
rank test, p=0.87). However, this does not imply that access to PrEP has no effect on HCV
incidence since both groups had access to PrEP over most of the period of follow-up.

Therefore, IMM and DEF groups were combined in all subsequent analyses.
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Figure 5.10 illustrates that the HCV diagnoses appear to cluster by calendar time (e.g.
beginning of 2015). This could be due to localised epidemics, or changes in screening
patterns, e.g. the increase in testing that occurred around the introduction of the HCV sub-
study. This suggests that, for this analysis, calculating HCV incidence over calendar time is

the most appropriate and is the only time-scale presented for the remainder of the chapter.

Figure 5.9: Kaplan Meier analysis of time to HCV diagnosis (time from enrolment)
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Figure 5.10: Kaplan Meier of the time to HCV over calendar time (with 95% confidence
intervals)
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Figure legend: For display purposes this figure excludes one participant with an infection

occurring in October 2016. This infection was included in all analyses presented in this chapter.

5.9.2 Estimating HCV incidence over calendar time

For some participants, there was a long interval between the last negative screen and first
positive screen (Figure 5.7). This makes it difficult to pinpoint when the HCV infection
occurred, which complicates the analysis assessing the change in incidence over calendar
time. In PROUD, there were ten (40%) of 25 participants whose interval between the last
negative and the first positive test spanned different calendar years, with one case, spanning
three years (Figure 5.11).

Figure 5.11: HCV infections with an interval of infection spanning two or more calendar
years
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Figure legend: Dashed vertical lines represent the beginning of each calendar year

As incidence estimates are sensitive to the assumptions made about when each infection
occurred, I compared the HCV incidence by calendar year based on four different

assumptions of the date of HCV infection:

1. The date of the first positive test (date of diagnosis);
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2. The day after the last negative test;

3. The mid-point between the last negative and the first positive test;

4. Animputed date between the last negative and the first positive test (“random-

point” approach described later).

For the one participant with no previous negative screen in the study, the date of their
negative test was assumed to have occurred at enrolment. For each of the methods, HCV
incidence was calculated for each calendar year by dividing the number of infections by the

total amount of follow-up in that calendar year. Given the small amount of follow-up in 2012

(0.3 PY), this was combined with the follow-up in 2013.

HCV incidence rates varied for each year depending on the assumption of the date of
infection (Table 5.7). For instance, incidence in 2015 was estimated at 3.0 per 100 PY, 1.8
per 100 PY and 1.8 per 100 PY for the first positive, last negative and mid-point methods,

respectively. In 2016, the incidence was 4.4 per 100 PY, 3.4 per 100 PY and 4.4 per 100 PY

per 100 PY for each of the three methods.

Table 5.7: HCV incidence stratified by calendar year and according to assumed dates of

infection
First positive Last negative
Rate per 100 Rate per 100
PY " pyswecn)  FY " py(95% CI)
2013 155.1 2 1.3 (0.2-4.7) 154.5 4 2.6 (0.7-6.6)
2014 432.7 2 0.5 (0.06-1.7) 429.8 7 1.6 (0.7-3.4)
2015 394.9 12 3.0 (1.6-5.3) 391.7 7 1.8 (0.7-3.7)
2016 206.2 9 4.4 (2.0-8.3) 204.3 7 3.4 (1.4-7.1)
Mid-point Random-point
Rate per 100 Rate per 100
PY " pyswecn)  FY PY (95% CI)
2013 154.9 3 1.9 (0.4-5.7) 154.8 2.8 1.8 (0.5-6.2)
2014 431.4 6 1.4 (0.5-3.0) 431.4 5.7 1.3 (0.5-3.3)
2015 393.2 7 1.8 (0.7-3.7) 393.2 8.2 2.1(1.0-4.4)
2016 205.1 9 4.4 (2.0-8.3) 205.1 8.2 4.0 (2.0-8.1)

PY, person-years; n, number of HCV infections; CI, confidence intervals

* Average values calculated from 1000 repetitions and confidence intervals calculated
using Rubin’s Rule
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Therefore, the incidence estimate is clearly sensitive to the interval between last negative
and first positive test, and how these intervals overlap the start of the calendar year, rather
than the approach used per se. This was a particular concern given the low number of HCV
events. In addition, the mid-point assumption, although a common approach, does not
reflect any information we hold on the participant, and is merely a function of the length of
the interval between tests, rather than an estimate of when the infection could have

occurred.

Given the pit-falls of these three assumptions, I explored the literature for an alternative
approach. A simulation study investigated the use of the mid-point method to estimate HIV
incidence when participants missed their scheduled HIV tests [172]. They reported that the
mid-point approach under-estimated the true HIV incidence at the end of the follow-up
period. Instead, they advocated for an approach which randomly assigns the date of
infection between the last negative and first positive test, using a uniform distribution. I
carried out this approach for the PROUD HCV data by imputing the date of HCV infection
between the infection interval 1000 times for each individual with an infection. I then
calculated the incidence for each calendar year in each imputed dataset, and then took the
average incidence for each year. Confidence intervals were calculated by pooling the

standard errors using Rubin’s rule [173].

Using the random-point method, I found that the estimates were the most comparable to
the mid-point method, but still differed. HCV incidence was estimated to be 1.8 per 100 PY
(95% CI: 0.5-6.2), 1.3 per 100 PY (95% CI: 0.5-3.3), 2.1 per 100 PY (95% CI: 1.0-4.4) and 4.0
per 100 PY (95% CI: 2.0-8.1) per 100 PY in 2013-2016, respectively (Table 5.7). Therefore,
there was an indication that HCV incidence was higher towards the end of the study (p-value

for trend=0.09).
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5.10 Predictors of incident HCV infection

5.10.1 Statistical methods

[ conducted two separate analyses to assess the predictors of HCV acquisition. The first
analysis considered the entirety of follow-up (from enrolment until last HCV screen).
Demographic characteristics and popper-use were taken from the baseline questionnaire
(they were not recorded again during follow-up). Data recorded in the monthly Adherence
and Sexual Behaviour Questionnaire, such as number of sexual partners, and the HIV status
of their last partner in the 30 days previous, were time-updated variables in the analysis.
Information on STI diagnoses, and PEP prescriptions since the last visit (collected at
quarterly visits) were also time-updated. Person-years of follow-up were attributed to the
most recent risk-factors reported on the questionnaire (regardless of the length of time
since the participants’ last questionnaire). If a participant acquired HCV, but did not
complete a questionnaire on the date of diagnosis, data were taken from the closest
questionnaire completed prior to this. Analysis was performed on a calendar time scale with

data censored at the last HCV screen or the first HCV infection, whichever was earlier.

The second analysis was restricted to follow-up after March 2015, when several questions
(e.g. chemsex, injection drug use, snorting cocaine, group sex, and fisting) were added to the
visit CRF. Again, analysis was performed on a calendar time scale (origin 1 March 2015)

using the same censoring rule as above.

To account for the non-constant HCV incidence, time-updated Cox regression models were
fitted for both analyses. The low number of HCV infections precluded a multivariable
approach. Reference groups for categorical variables were chosen to be the group with the
most person-years of follow-up to provide the most stable estimates of hazard ratios. p-

values for trend were calculated for ordered categorical variables.
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5.10.2 Results

Baseline and time-updated predictors of HCV (entire follow-up)

Of the 490 participants included in the HCV incidence analysis, 487 participants completed
a questionnaire at baseline. However, data on age and clinic could still be used for the
remaining three. During the course of the trial, 6099 monthly questionnaires were
completed by 487 participants; an average of 11 (IQR: 7-16) questionnaires per participant.
The total follow-up for individuals with at least one monthly questionnaire was 1187.7 PY,
with an average of 4.4 (IQR: 3.2-6.6) questionnaires per year. The number of questionnaires
did not vary according to HCV status. All 25 participants with an incident HCV infection had
completed a baseline questionnaire and had at least one monthly questionnaire before their
diagnosis (Figure 5.12). Seven participants (28.0%) completed a questionnaire on the date
of HCV diagnosis, whereas five participants’ (20.0%) most recent questionnaire was more

than three months prior to the diagnosis.

Figure 5.12: Monthly questionnaires prior to incident HCV infection
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Figure legend: black dots indicate the date of completion of the monthly questionnaire and

red dots indicate the date of HCV diagnosis.

195



Reporting the use of poppers in the three months prior to enrolment was significantly
associated with a three-fold increased risk of HCV acquisition (HR=3.2 [95% CI: 1.3-8.1],
p=0.01)(Table 5.8). Non-significant trends were observed for demographic factors. Those
attending a London site at baseline (HR=1.5 [95% CI: 0.5-3.9], p=0.46) were at a higher risk.
Similarly to predictors of HIV (Chapter 2), participants reporting that they were in a non-
cohabiting relationship were at the lowest risk of HCV compared to those that were single
or living with their partner (HR=0.5 [95% CI: 0.1-2.4], p=0.43). Participants in the 25-34
year age category at baseline were at a higher risk of HCV acquisition compared to other age

groups.

In terms of time-updated sexual behaviour (in prior 30 days), reporting ncRAI of any kind
put individuals at higher HCV risk, including: total number of ncRAI partners; number of
new ncRAI partners; ncRAI with unknown HIV status; and the last sex act being ncRAI,
although not all were statistically significant (Table 5.9). Participants reporting 10 or more
ncRAI partners were at higher risk of HCV compared to those reporting zero ncRAI partners
in the prior 30 days (HR=1.6 [95% CI: 1.0-2.6], p=0.08). HCV risk was particularly high for
participants reporting ncRAI with five or more partners with unknown HIV status in the
prior 30 days (HR=1.5 [95% CI: 1.1-2.0], p=0.016). Those reporting ten or more new ncRAI
partners in the prior 30 days were at a 60% increased risk of HCV acquisition compared to
those with zero new ncRAI partners (HR=1.6 [95% CI: 1.1-2.3], p=0.025). In contrast, the
total number of sexual partners or the number of nclAl partners had little impact on HCV

risk, although clearly intrinsically associated with ncRAI.

HIV status of their last ncRAI partner was also associated with HCV risk; participants
reporting that their ncRAI partner was negative were at the lowest risk, whereas those
reporting either an unknown or HIV-positive status of their partner were at a more than
three-fold greater risk (HR=3.3 [95% CI: 1.2-9.3], HR=3.4 [95% CI: 1.2-9.5], respectively).
Although there was a suggestion that participants reporting no ncRAI were at a higher risk

than those with a HIV-negative ncRAI partner (HR=2.2 [95% CI: 0.7-6.4], p=0.17), two of the
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three individuals completed the questionnaire a substantial time prior to diagnosis (six and

nine months) and behaviours may have changed.

The diagnosis of a key STI in the period since the last visit was associated with a 20%
increase in hazard, but this was not statistically significant (HR=1.2 [95% CI: 0.8-1.6],

p=0.37).
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Table 5.8: Predictors of HCV during entire follow-up (baseline factors)

Characteristic Par;ic(io;/:a)mts, Py (ZOY;Otal infcla-lc(é:i)ns I;Ctledglecs HR 959% CI Vglu
100 PY)* e**
Total 490 (100.0) 1188.9 (100.0) 25 2.1
Age, years 18-24 43 (8.8) 91.7 (7.7) 0 0 0.48
25-34 190 (38.8) 446.1 (37.5) 12 2.7 1.3 0.6-2.9
35-49 210 (42.9) 530.7 (44.6) 11 2.1 1.0
50+ 47 (9.6) 120.4 (10.1) 1.7 0.8 0.2-3.7
University degree No 183 (37.7) 437.3 (37.0) 1.1 1.0 0.11
Yes 303 (62.3) 746.0 (63.0) 20 2.7 2.2 0.8-6.0
Full-time employment No 134 (27.6) 320.5(27.2) 6 1.9 1.0 --- 0.84
Yes 351 (72.4) 859.0 (72.8) 19 2.2 1.1 0.4-2.8
Born in UK No 194 (39.9) 464.6 (39.3) 9 1.9 1.0 0.60
Yes 292 (60.1) 718.6 (60.7) 16 2.2 1.3 0.5-2.9
Ethnicity White 395 (83.7) 963.5 (81.7) 22 2.3 1.0 0.39
BAME 90 (18.3) 215.7 (18.3) 3 1.4 0.6 0.2-2.0
London site (at baseline) No 144 (29.4) 347.9 (29.3) 5 1.4 1.0 0.46
Yes 346 (70.7) 840.9 (70.7) 20 2.4 1.5 0.5-3.9
Circumcised No 341 (70.6) 815.4 (69.4) 16 2.0 1.0 0.65
Yes 142 (29.4) 359.7 (30.6) 8 2.2 1.2 0.5-2.9
Relationship status Living with partner 145 (29.8) 356.0 (30.1) 9 2.5 1.2 0.5-2.8 0.43
Not living with partner 74 (15.2) 172.5 (14.6) 2 1.2 0.5 0.1-2.4
Single 267 (54.9) 653.7 (55.3) 14 21 1.0
High depression score P No 414 (90.3) 1006.3 (90.3) 24 2.4 - ---

Table continued on following page
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Yes 43 (9.7) 108.3 (9.7) 0 0

Popper-use in 90 days before No 228 (48.0) 555.1 (48.0) 6 1.1 1.0 0.01
enrolment Yes 247 (52.0) 600.3 (52.0) 19 3.2 3.2 1.3-8.0

n, number of participants; PY, person years; HCV, hepatitis C virus; CI, confidence interval; HR, hazard ratio; kSTI, key sexually transmitted infections (rectal chlamydia, rectal gonorrhoea or syphilis); BAME, black, Asian
and minority ethnicity.

PDefined by the PHQ-9 score, high score 210

Missing data (Total, events lost due to missing exposure data: poppers (15, 0); circumcised (7, 1); education (4, 0); ethnicity (5, 0); depression (34, 1); born in UK (4, 0); relationship (4, 0); employment status (5, 0).
*CI not presented due to varying incidence over calendar time

*p-value for trend calculated for ordered categorical variables: ncRAI partners, Al partners, age and HIV tests. p-value for relationship status compares single vs. not living with partner.
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Table 5.9: Predictors of HCV during the entire follow-up (time-updated predictors)

Incidence

Characteristic P‘t(o(tz(;)()f inf(le-lc(ix)ns rate (per HR 9!(;:;% vall:l -e**
100PY) *

Key STI® No 973.7 (81.9) 18 1.8 1.0 0.36

Yes 215.2 (18.1) 7 3.3 1.2 08-1.6
Number of Al partners 0 79.6 (6.7) 2 2.5 1.2 07-22  0.69

1 207.3 (17.5) 5 2.4 1.2 0.7-1.8

2-4 333.6 (28.2) 5 1.5 1.0

5-9 269.9 (22.8) 6 2.2 1.2 08-1.8

10-19 196.7 (16.6) 3 1.5 09 05-1.6

20+ 96.1(8.1) 4 4.2 1.5 09-24
Number of nclAl partners 0 287.7 (24.3) 6 2.1 1.0 07-1.6 048

1 312.5 (26.4) 5 1.6 09 0.6-1.4

2-4 316.4 (26.8) 6 1.9 1.0

5-9 159.6 (13.5) 6 3.8 1.4  09-2.1

10+ 105.8 (8.9) 2 1.9 1.0 0.6-1.6
Number of ncRAI partners 0 320.3 (27.1) 3 0.9 1.0 0.08

1 307.3 (26.0) 6 2.0 1.2 0.7-2.0

2-4 306.5 (25.9) 6 2.0 1.2 0.7-2.1

5-9 141.8 (12.0) 5 3.5 1.3 0.8-23

10+ 107.1 (9.0) 5 4.7 1.6 1.0-2.6
Number of ncRAI partners with 0 645.9 (54.6) 10 15 1.0 0.04
unknown HIV status 1 227.1(19.2) 4 18 1.0 0.7-16

2-4 193.3 (16.3) 3 1.6 1.0 0.6-1.6

5-9 80.2 (6.8) 5 6.2 1.5 1.0-2.2

10+ 36.6 (3.1) 3 8.2 1.6 1.0-2.4

Table continued on following page



Number of ncRAI partners with ¢ 1019.8 (86.4) 18 1.8 1.0 0.31

10¢

HIV and not on treatment 1 97.6 (8.3) 4 41 12 0818
2-4 47.0 (4.0) 1 2.1 1.0 0.5-1.9
5-9 12.4 (1.1) 1 8.1 1.3 0.6-2.9
10+ 3.4 (0.3) 1 29.1 1.6  0.6-3.9
Number of new ncRAI partners ¢ 657.6 (55.6) 10 1.5 1.0 0.08
1 155.6 (13.2) 3 1.9 1.0 0.6-1.6
2-4 219.3 (18.5) 4 1.8 1.0 0.6-1.5
5-9 96.1 (8.1) 4 4.2 1.2 0.8-1.8
10+ 53.9 (4.6) 4 7.4 1.6 1.1-2.3
IAl last time had anal sex No 379.1 (32.0) 12 3.2 1.2 09-15 028
Yes-with a condom 114.7 (9.7) 0 0 --- ---
Yes-without a condom 689.3 (58.3) 13 1.9 1.0 -
RAl last time had anal sex No 365.0 (30.9) 3 0.8 0.7 04-1.1  0.05
Yes-with a condom 132.9 (11.2) 0 0 - -
Yes-withouta condom  685.2 (57.9) 22 3.2 1.0 ---
HIV status of last ncRAI partner  No ncRAI 320.3 (27.1) 3 0.9 22 07-64  0.17
HIV-negative 398.2 (33.7) 2 0.5 1.0
Unknown 162.5 (13.7) 6 3.7 34 1.2-98 0.02
HIV-positive 302.1 (25.5) 14 4.6 35 1.2-98  0.02

PY, person years; HCV, hepatitis C virus; CI, confidence interval; HR, hazard ratio; kST], key sexually transmitted infections (rectal chlamydia, rectal gonorrhoea or
syphilis); Al, anal intercourse; ncRAI, receptive anal intercourse without a condom; nclAl, insertive anal intercourse without a condom; PEP, post exposure
prophylaxis.

*CI not presented due to varying incidence over calendar time

**p-value for trend calculated for ordered categorical variables: ncRAI partners, Al partners, age and HIV tests. p-value for relationship status compares single vs. not
living with partner.




Time-updated predictors of HCV (follow-up from March 2015)

For the second analysis, 412 participants attended 2199 visits in the period after March
2015. Participants attended clinic an average of 6 times (IQR: 5-6) from this date until the
end of the trial in October 2016. The quarterly visit schedule was adhered to during this
period, with an average of 3.9 (IQR: 3.5-4.1) visits per year. 16 participants acquired HCV
after March 2015, all of which had at least one visit questionnaire with the updated risk-
factor questions (Figure 5.13). Nine (56.3%) had a trial visit on the day of HCV diagnosis;
although, one participant’s most recent visit was seven months prior. Over 532.1 PY of

follow-up, the overall incidence during this period was 3.0 per 100 PY [95% CI: 1.7-4.9].

Figure 5.13: Visit questionnaires during HCV sub-study prior to HCV infection
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Reporting fisting or the use of sex toys since the last visit put participants at significantly
increased risk of HCV acquisition (Table 5.10). Participants reporting fisting were at a six-
fold higher risk than those not reporting this since their last visit (HR=6.0 [95% CI: 2.1-16.8,
p=0.001). There was no difference in hazard between those fisting with or without gloves
(p=0.84). Participants reporting the use of sex toys were also at a significantly higher risk
of becoming infected with HCV (HR=5.3 [95% CI: 1.8-15.6], p=0.002). Reporting group sex

put participants at a two-fold HCV risk, but this was not statistically significant (HR=2.0
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[95% CI: 0.7-5.7], p=0.19). There was no evidence to suggest that chemsex increased the

risk of HCV (HR=1.1 [95% CI: 0.4-2.9]), similarly for snorting drugs (p=0.54). Injection drug

use increased HCV risk by 60% (HR=1.6 [95% CI: 0.5-5.3]), but was not statistically

significant (p=0.41). All five of the individuals reporting injection drug use reported ncAl

during this time-period, and therefore the route of infection was unclear.

Reporting any one of the six risk factors (chemsex, injection drug use, snorting drugs, group

sex, use of sex toys, or fisting) put participants at higher risk of HCV (HR=1.7 [95% CI: 0.6-

4.71), but this was not statistically significant (p=0.34). However, participants reporting any

four or more of these had a significantly higher HCV incidence (HR=4.5 [95% CI: 1.5-13.1],

p=0.006).

Table 5.10: Time-updated predictors of HCV during HCV sub-study

Incidence -
Characteristic lt):tg;/)o inf?c(t:::)ns rate per HR 95%CI vglu
100PY e
Chemsex No 325.6 (61.2) 8 2.5 1.0 0.86
Yes 206.5 (38.8) 8 3.9 1.1 04-29
Injectiondrug No 480.7 (90.3) 11 2.3 1.0 0.41
use Yes 51.4 (9.7) 5 9.7 16  0.5-5.3
Snorted drugs  No 414.3 (77.9) 14 3.4 1.0 0.54
Yes 117.7 (22.1) 2 1.7 0.7 0.2-2.6
Group sex No 304.2 (57.3) 7 2.3 1.0 0.19
Yes 226.3 (42.7) 9 4.0 20 0.7-5.7
Sex toy No 413.7 (78.0) 5 1.2 1.0 0.002
Yes 116.9 (22.0) 11 9.4 53 1.8-15.6
Fisting No 465.5 (87.8) 8 1.7 1.0 0.001
Yes 65.0 (12.3) 8 12.3 6.0 2.1-16.8
Fisting (by No 465.6 (87.8) 8 1.7 1.0 0.84
glove use) Yes-gloves 29.7 (5.6) 4 135 65 1.8-23.9
Yes-no gloves 35.3(6.6) 4 11.3 5.6 1.6-20.0
Number of 0 180.9 (34.0) 3 1.7 1.0 0.04
risk factors® 130.9 (24.6) 2 15 12 0255
2 94.1 (17.7) 2 2.1 14 02-7.7
3 71.8 (13.5) 2 2.8 1.1 0.2-5.2
4 30.3 (5.7) 4 13.3 46 0.9-22.5
5 19.7 (3.7) 3 15.2 6.1 1.4-27.8
6 4.4 (0.8) 0 0

PY, person-years; HCV, hepatitis C virus; HR, hazard ratio; CI, confidence interval.

* CI not presented due to varying incidence over calendar time

p-value for glove use whilst fisting compares those fisting with and without glove use

p-value for trend for number of risk factors
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5.11 Are HCV risk factors changing over time?

5.11.1 Background

Section 5.9 showed that HCV incidence was increasing over time, and therefore it is of
interest to establish whether there were behavioural changes over this period which could
explain this change. For instance, the increase could be driven by an increase in: ncRAI
partners over time, which could increase the transmission risk of HCV; ncRAI with HIV-
positive partners due to the difference in HCV incidence between HIV-positive and HIV-
negative MSM; or other risk factors such as, chemsex, injection drug use, fisting and the use
of sex toys. I conducted exploratory analyses to examine whether there were calendar time

trends in sexual behaviour that might explain the increase in HCV incidence.

5.11.2 Statistical methods

Using data from the monthly adherence and sexual behaviour questionnaire, I analysed
calendar time trends either for the entire follow-up or from March 2015 onwards,
depending on the specific variable. For each variable, the proportion of participants within
each category at any given time was estimated by a moving average in the 90 day period
(¥45 days). Trial arms were combined for this analysis given the lack of difference in HCV

risk.

5.11.3 Results

Although there were fluctuations, there were no clear trends in risk factors over time. The
proportion of participants reporting five or more ncRAI partners experienced the most
change over time - decreasing and increasing throughout follow-up (Figure 5.14). The
proportion of participants reporting an HIV-positive most recent partner increased in the

first year of the study and again around October 2014 (when DEF arm had access to PrEP),
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but then remained relatively constant throughout the rest of the study. Although the
population average did not show major changes, many individual participants switched

between different categories (Appendix 13), maybe suggesting individual-level changes.

The number of HCV-associated risk factors reported at each PROUD visit remained
relatively stable until around April 2016, when the proportion reporting one or more risk
factors decreased (Figure 5.16). However, this change could be a reflection of the
characteristics of the participants left in the study whilst clinics were phasing participants

onto other sources of PrEP.

Figure 5.14: Number of ncRAI partners reported in the monthly questionnaires over time
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Figure 5.15: HIV status of last ncRAI partner reported in monthly questionnaires over time
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Figure 5.16: Number of HCV associated risk factors reported at PROUD study visits over
time (during HCV sub-study)
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Figure legend: Moving average calculated from 45 days before and after each time point. The
height (rather than the line) of each colour block represents the proportion reporting each
category. Risk factors collected at the visit were: chemsex, injection drug use, snorted drugs,
group sex, sex toys and fisting.
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5.12 Discussion

5.12.1 Key findings

e HCV screening rates varied according to clinic and other reported risk factors. Not
all participants were screened for HCV at baseline, but due to the nature of HCV
screening, status can be ascertained from the first test if negative for Ab. I
recommended that follow-up should be from randomisation (rather than first
screen) until final screen to minimise bias

e Due to the low number of events in the deferred phase, I was unable to determine
whether PrEP was driving HCV acquisition

e [ concluded that the use of the random-point method was the most appropriate
approach to account for the uncertainty around the date of HCV acquisition and to
estimate HCV incidence over time

e There was an indication that HCV incidence increased with calendar time, which
could explain the low seroprevalence relative to incidence. I could find little
evidence of a change in risk factors so the increase was most likely to be due to an
increase in background incidence in MSM during the study period

e HCV acquisition was associated with the total number and new ncRAI partners.
Participants reporting partners with an unknown or positive HIV-status were also
at an increased risk.

e Reporting the use of poppers at baseline, and fisting or the use of sex toys since the
last visit, put participants at significantly increased risk of HCV acquisition.
Reporting multiple high-risk activities i.e. drug use and other high risk sexual
activities (fisting, sex toys) also put individuals at high risk of acquiring HCV.
Injection drug use was reported by a number of participants acquiring HCV but was

not the only transmission risk
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5.12.2 Connection to other literature

HCV seroprevalence

The estimated HCV seroprevalence at enrolment into PROUD was 2.1% (95% CI: 1.0-3.7).
Seroprevalence in PROUD was lower than that reported at entry to the AmPrEP
demonstration project (4.8% [95% CI: 2.9-7.5]) [164]. This difference could be due to a
number of factors, including a difference in year of enrolment between PROUD and AmPrEP

(2012-2014 vs. 2015-2016).

In 2013, around the time of PROUD recruitment, a community sample estimated the same
HCV seroprevalence (2.1%) among MSM attending London gay bars, clubs and saunas,
although this differed according to HIV status (HIV-positive 7.7% [95% CI: 4.2-12.9] vs. HIV-

negative 1.2% [95% CI: 0.6-2.1]) [174].

HCV incidence

HCV incidence was higher than expected in this HIV-negative MSM population (2.1 per 100
PY overall [95% CI: 1.4-3.1]), and indeed higher than that reported in HIV-positive
populations in the UK, although this population was also heterogeneous in risk [155-157].
A number of studies have reported HCV incidence amongst PrEP-users and the incidence in

PROUD was higher than, although compatible with, other studies in Europe [165-168].

Similar to seroprevalence, the disparity in HCV incidence seen between European and North
American PrEP studies could be driven by a number of factors [12, 128, 164-169].
Background HCV incidence clearly differs between geographical locations [150]. PROUD
participants were at high sexual risk upon entering the trial which may be due to
appropriate targeting by clinic staff, or participant self-selection of PrEP in England [13,
175-177]. Furthermore, as PrEP has been available for a longer period of time in North
America, the population on PrEP is likely to reflect a broader range of risk (and possibly

reflects a lower background risk).
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Phylogenetic studies have shown an overlap in HIV-positive and HIV-negative MSM in HCV
clusters [164, 178]. A modelling study showed that differences in HCV transmission
between HIV-positive and HIV-negative MSM were unlikely to be driven by biological
factors, but, instead, driven by sexual behaviour or sexual mixing by HIV-status
(serosorting) [151]. A study in France compared the HCV risk of HIV-positive individuals
with HIV-negative PrEP-users, finding that the HCV incidence was similar between the two
groups [165]. As PrEP rolls out, this is a concern for HCV because preferential mixing by
HIV-status may reduce, and, therefore, HCV risk increases in the HIV-negative MSM. PROUD
provides further evidence to support HIV-positive and PrEP-using MSM share similar sexual

risk and practices.

In this chapter, | have shown that there is evidence to suggest an increase in HCV incidence
over calendar time in MSM seeking PrEP. This was seen despite HCV prevalence in England
having declined overall in recent years [179]. The increase observed in PROUD is most likely
driven by an increase in background incidence in UK MSM, rather than the increase in HCV
screening or risk factors. An increase in HCV incidence was also observed literature, as a
systematic review of HCV incidence in high-income countries observed an increase in HCV
incidence from 2000 through to 2010, although only a few studies had a follow-up period
beyond 2010 [150]. Increasing incidence between 2012 and 2016 in a French HIV-infected
cohort was reported more recently [180]. That said, small changes in the average number
of sexual partners can have a substantial impact on the connectivity of a network at the
population level [181], and the analysis of risk factors over time in the PROUD population

is unlikely to capture small changes in behaviour that could still be important.

Predictors of HCV and HCV testing guidelines

Predictors of HCV identified in PROUD largely confirm those described in the literature
prior to the availability of PrEP (Section 5.4) [150]. HCV acquisition was associated with a
high number of ncRAI partners (ten of more), and not knowing the HIV status of a number

of their ncRAI partners (five or more) put individuals at an even higher risk. The use of
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poppers, sex toys and engaging in fisting were strongly associated with HCV acquisition,
which had not been consistently identified in the previous literature [150]. Reporting a
number of high-risk activities, i.e. drug use, and other high-risk sexual activities (fisting, sex
toys), also put individuals at a particularly high risk of acquiring HCV. Injection drug use
increased the risk of HCV acquisition but did not explain all infections, which were likely

acquired sexually.

Guidelines released in 2012 recommended HCV screening for HIV-positive individuals,
injection drug users and individuals engaging in fisting, but were not explicit for other risk
behaviours in HIV-negative MSM [46, 147]. Therefore, guidelines did not include a
recommendation for screening individuals who are HIV-negative MSM and reporting
condomless anal sex without any other risk factors. Updated guidelines in 2018 for MSM
using PrEP recommended quarterly HCV screening to reflect the high HCV seroprevalence
in some PrEP studies [42, 149, 164]. However, my analysis has demonstrated that some
individuals accessing PrEP are at a much higher risk of HCV compared to others. The key
driver of HCV risk appeared to be calendar time, with diagnoses appearing in clusters and
concentrated in the latter two years of PROUD. Therefore, quarterly screening is unlikely to
be warranted in all MSM accessing PrEP, unless there is evidence that a localised epidemic
is ongoing. In the absence of an epidemic, individuals reporting high-risk behaviours such
as injecting drugs, fisting and use of sex toys or multiple risk factors should continue to be
monitored for HCV. Solely reporting a number of ncRAI partners may not indicate screening
at each visit, but would provide a key marker for screening during periods of high HCV
incidence. Yearly screening should still be implemented to continue monitoring HCV
epidemics in the PrEP-using MSM population. Efforts should also be targeted towards
contact tracing of sexual partners to limit onward transmission from undiagnosed cases.
HCV treatment is an important component of epidemic control, but this may not always be

available.
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5.12.3 Strengths and limitations

It was clear that prior to the HCV sub-study, as expected, HCV screening was being
conducted in a non-systematic way based on behavioural and clinical risk factors. The
change in the PROUD protocol meant that HCV testing was conducted across the cohort,
regardless of perceived HCV risk in clinic. Due to the increase in HCV testing in the latter
part of the study, a vast proportion of the follow-up (94%) was covered by a HCV screen,
and, therefore, HCV status was known for the majority of participants during the study. If a
participant was Ab negative, we knew that they had not acquired an infection before, so
could infer that individuals negative at first test during PROUD were also negative at

randomisation.

Data from PROUD has allowed estimation of HCV incidence with reasonable precision
overall, and identified changes in incidence over time, adding to the literature globally, as
well as in the UK. Although the PROUD cohort was small, the risk behaviours were diverse,

albeit skewed towards higher risk.

Throughout PROUD, a considerable amount of risk factor data, including demographic,
sexual behaviour, drug-use and STIs were collected. This enabled consideration of
predictors of HCV acquisition within this population, with limitations, as the small number
of infections precluded both a randomised comparison and a multivariable analysis to
adjust for confounders. In addition, completion dates of questionnaires, especially the
monthly questionnaires, meant that risk factors were not always collected around the time
of infection which could be misleading. The self-selected nature of the monthly
questionnaires is likely to introduce further reporting bias, since participants completing
questionnaires frequently were likely to be at lower sexual risk. Baseline and visit
questionnaires were less susceptible to this kind of bias because they were completed for

all participants who were still attending clinic.
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In contrast to the STI analyses presented in Chapter 4, detection bias is not a concern for
HCV. By testing more frequently, the gain is in the accuracy in the time of acquisition, rather
than identifying more infections. I discussed that the random-point approach was the best

way to account for residual uncertainty about the date of acquisition.

Eight percent (8.3%) of participants were not screened for HCV at all during PROUD, and
therefore, we could not ascertain their status during follow-up. For the participants who did
notreceive a HCV screen, previous history of HCV relied on clinician reporting, which would
only be based on virological results if the participant had been diagnosed in the recruiting
clinic. Both of which could influence the seroprevalence and incidence estimated in the

study.

5.12.4 Conclusion

Analyses presented in this chapter suggest that MSM seeking PrEP are at high risk of HCV,
similar that of HIV-positive MSM. Individuals initiating PrEP are likely to be aware that their
risk of HIV is significant, but may not be aware that they are at risk of acquiring HCV. HCV
testing is advisable amongst individuals who are starting PrEP because it provides an ideal
opportunity to ascertain HCV status. Clinicians should actively ask individuals about a range

of risk factors and screen quarterly when these are reported.

However, HCV appears to be influenced by location and time, therefore, quarterly screening
may only be justified for all MSM accessing PrEP when there is evidence of increasing
incidence in the population with additional risk factors. Surveillance systems should be put
in place to identify clusters of new HCV diagnoses and implement more frequent HCV

testing in a timely manner when this is required.
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6 Concluding remarks

This chapter summarises the work discussed throughout this thesis. Table 6.1 outlines, for
each substantive chapter, the key findings, limitations and potential future work. I also

discuss general strengths and limitations of using PROUD data.

6.1 Key findings and guidance for practice

6.1.1 Chapter 2: Baseline predictors of HIV incidence

PrEP initiation guidelines in the UK are broad [42]. My work in Chapter 2 aimed to examine
the relative importance of the recommended eligibility criteria. I presented an analysis
based on participants in the deferred arm, before they had access to PrEP, and evaluated

HIV incidence according to baseline characteristics.

I identified two highly significant predictors of HIV acquisition. First, participants reporting
a diagnosis of syphilis, rectal chlamydia or rectal gonorrhoea (a “key STI”) in the previous
twelve months had an incidence of 17.2 per 100 PY (95% CI: 9.7-28.5), 4.8 fold-higher (95%
CI: 1.8-14.9) than those without such a diagnosis. Second, those reporting two or more
receptive anal sex partners without a condom (ncRAI) in the previous three months had a
HIV incidence of 13.6 per 100 PY (95% CI: 7.9-21.7), and were at a 4.6-fold higher risk than
those reporting fewer partners. By contrast, the incidence rate among participants lacking
both of these risk factors was 1.1 per 100 PY (1/87.6, 95% CI: 0.03-6.4), falling below the

3% WHO threshold for PrEP initiation [39].

Using a diagnosis of a key STI as an indicator for risky sex and a proxy for HIV risk, [ was
able to conduct a multivariable analysis. | found other baseline characteristics, including:
full-time employment; drug-use associated with chemsex; use of poppers; living with a

partner; being born in the UK; and, younger age were associated with the increased risk of
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acquiring a key STI. These characteristics, most of which make sense as signals of
engagement in high-risk sexual networks, could also be used to identify those who will

benefit from PrEP.

Whilst my work supports keeping the eligibility criteria for a PrEP programme broad, a
recent history of a key STI, or recent multiple ncRAI partners indicates a high imminent risk
of HIV infection. MSM with either of these risk factors should be offered PrEP as a matter of

urgency.

6.1.2 Chapter 3: Critique of epidemiological measures used in PrEP research

A number of PrEP and other HIV prevention studies have reported the number needed to
treat (NNT) and the population attributable fraction (PAF). However, different approaches

have been used to calculate these measures.

[ described why the most appropriate NNT calculation should use HIV incidence to reflect
the person-years of PrEP care required to prevent an infection. NNT can also be scaled by
the amount of PrEP prescribed to give an “on treatment” metric. However, caution should
be exercised when generalising NNT to other populations as it may need to be scaled up (or
down) to reflect that HIV incidence in the wider population which may differ to that of the

trial population.

Although several HIV prevention studies have presented PAF [62, 63, 70, 76, 108, 109],
primarily as a measure to identify subgroups for PrEP prioritisation, I argued that this
measure is misleading for this purpose. This is because PAF does not reflect the impact of
PrEP on averted HIV infections as it does not account for the effectiveness of PrEP. Instead,
[ proposed the use of an alternative measure, the proportion of potential averted infections
(PPAI), which incorporates PrEP effectiveness and uptake. PPAI can be generalised to
populations with a different underlying HIV incidence, and different estimates of

effectiveness can be incorporated into the formula.
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I described that NNT and PPAI can be used in conjunction to identify characteristics that
predict those who are most likely to benefit from PrEP. However, both are univariable
measures. | therefore explored the use of a stepwise approach, proposed by Poynten et al.,
to identify multiple characteristics when a multivariable analysis was not feasible [82]. An
attractive feature of this approach is that it reflects how a clinician might identify potential

PrEP-initiators, e.g. participants with a key STI or multiple ncRAI partners.

NNT and PPAI do not incorporate the number of onward transmissions that can be
prevented as a result of PrEP. To estimate the impact of PrEP at a population level
comprehensive cost-effectiveness models, ideally incorporating sexual network models, are

required.

6.1.3 Chapter 4: Assessing whether access to PrEP increases STI incidence

In 2018, a meta-analysis incorporated eight open-label PrEP studies and found that STI risk
was higher among PrEP-users [120]. However, I pointed out that the meta-analysis had a
number of limitations, including the inappropriate use of control groups and statistical
methods. PROUD was the only study identified that was both randomised and open-label,

and provided the highest quality of evidence on the impact of PrEP on STIs.

I discussed methodological considerations around analyses of STI data in PrEP studies.
Analyses need to pay careful attention to selection of the control group, risk of detection
bias from more frequent screening, choice of statistical model, managing concurrent
diagnoses (more than one anatomical site, more than one pathogen) and repeat infections,
as well as changes in background STI incidence over calendar time. Estimating STI incidence
is more appropriate than cumulative incidence, and negative-binomial models gave the best
formulation of heterogeneity in risk between participants in the PROUD data. I also
concluded that detection bias is not sufficiently accounted for by simply adjusting for the

number of STI screens in the statistical model.
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[ conducted a number of analyses to estimate the STI incidence in PROUD, including a re-
analysis of the deferred phase and analyses by phase and over calendar time. STI incidence
was high, estimated at 114.7 per 100 PY (95% CI: 99.4-132.3) and 94.3 per 100 PY (95% CI:
80.1-110.9) during the deferred phase in the immediate and deferred arms, respectively. I
found that the incidence of STIs, particularly chlamydia, was higher among PROUD
participants with access to PrEP, demonstrated in both the randomised comparison of the
deferred phase (IRR (chlamydia)=1.4 [95% CI: 1.0-2.0], p=0.027) and the pre-/post-PrEP
comparison in the deferred arm (IRR (chlamydia)=1.4 [95% CI: 1.0-1.9], p=0.061).
However, it was unclear whether this was driven by a difference in STI screening or
behaviour change (risk compensation). There were clear changes in STI incidence over
calendar time for some individual STIs, probably reflecting changes in the wider population

in the UK [142].

[ concluded that, regardless of whether or not “risk compensation” was driving the increase
in STI incidence, MSM seeking PrEP are at high risk of STIs, and quarterly screening is

justified [42].

6.1.4 Chapter 5: HCV risk and predictors in PrEP-users

[ conducted a literature review and found that European MSM accessing PrEP experience a
higher HCV risk than MSM in North America [12, 128, 164-169]. [ estimated seroprevalence,
incidence, and predictors of HCV among PROUD participants, the first such estimates of HCV

risk among MSM accessing PrEP in the UK.

[ found that HCV incidence was both high and increasing over calendar time, supported by
the low seroprevalence at enrolment (2.1% [95% CI: 1.0-3.7]) relative to the high incidence
during the trial (2.1 per 100 PY [95% CI: 1.4-3.1]). Using the random-point method to
account for the uncertainty around the date of HCV acquisition, I estimated that HCV

incidence increased from 1.8 per 100 PY [95% CI: 0.5-6.2] in 2013 to 4.0 per 100 PY [95%
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CI: 2.0-8.1] in 2016. During the deferred phase, there were only three incident HCV

infections (one IMM, two DEF), precluding a randomised comparison.

Participants reporting popper use in the prior three months at baseline were at a
significantly higher risk of HCV compared to those with no popper use. In a time-updated
analysis, | found that HCV acquisition was associated with a high number of ncRAI partners
and new ncRAI partners. Participants reporting partners with an unknown or positive HIV-
status were also at an increased risk. Individuals reporting fisting or the use of sex toys,
since the last visit, were at significantly increased risk of HCV acquisition, and those
reporting multiple high-risk activities since the last visit i.e. drug use and other high-risk
sexual activities (fisting, sex toys) were also at high risk of acquiring HCV. Although 44% of
participants acquiring HCV had a history of injecting drugs, it was not clear whether this
was the route of transmission, and reporting this behaviour did not significantly increase
the risk of HCV acquisition in PROUD. [ have also shown that the increase in HCV incidence
during PROUD was likely driven by an increase in background incidence. This did not
appear to be explained by a change in risk factors, however, the analysis did not capture

individual-level changes.

As HCV risk varied according to both individual- and population-level risk factors, BHIVA’s
quarterly screening recommendations may not be warranted or necessary in all MSM
seeking PrEP [42]. My results suggest that individuals reporting high-risk behaviours
should continue to be offered quarterly screening, however, in the absence of a localised
epidemic, for those at lower risk (i.e. those solely reporting ncRAI), annual screening may

be sufficient.
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6.2 Strengths and limitations

6.2.1 PROUD design

PROUD was pivotal in demonstrating the high effectiveness of PrEP in MSM in a sexual
health clinic setting. This is particularly impressive given that it was designed as a pilot
study for a larger trial. The consent obtained from participants at enrolment for data linkage
allowed the matching exercise with the national database of HIV diagnoses. HIV status was
ascertained for all participants, and a further five HIV seroconversions that were unknown
to PROUD were identified. The wait-listed, open-label design of PROUD allowed a
randomised comparison of outcomes in a setting where participants were aware of their
PrEP status. The randomised control and open-label nature of PROUD were key strengths
compared to other PrEP trials and particularly relevant for evaluating the predictors of HIV

acquisition and the effect of PrEP on STIs.

Throughout PROUD, a large amount of sexual behaviour data were collected through self-
report using questionnaires. These data informed the analyses of baseline predictors of HIV
and time-updated predictors of HCV. However, participants willing to complete
questionnaires frequently may differ in their risk profile from those who do not, leading to
selection bias. This could result in lower estimates for the association between risk factors

and infections.

[ identified the importance in the use of a key STI diagnosis (rectal STI or syphilis) in
establishing whether an individual should initiate PrEP. The PROUD protocol made this
analysis feasible due to the collection of STIs by anatomical site, which is not always

collected or reported in PrEP studies.

A limitation of this pragmatically designed trial was that participants receiving PrEP were
seen in clinic more often than participants in the deferred arm during the deferred phase,

leading to detection bias in both the randomised comparison and pre-/post-PrEP
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comparison. The change in screening guidelines for bacterial STIs and HCV during the trial
also contributed to this. The laboratory CRF, as designed, did not allow collection of the date
of STI screening, reason for screening, or details about treatment and clearance of the
infection; this information could have helped to better separate the effects of detection bias

from a true increase in sexual behaviour and STI risk.

6.2.2 Generalisability

The high rates of HIV, STIs and HCV amongst PROUD participants raises the question of
generalisability of these results to the general MSM population, as these early adopters of
PrEP clearly had differential risk behaviours to the wider clinic population [176].
Nevertheless, the trends (rather than quantitative estimates) should be broadly applicable

to other MSM accessing PrEP in the UK or similar settings elsewhere (e.g. Europe).

Furthermore, PROUD was conducted during a period when the effectiveness of PrEP was
not widely known, which may have affected the way participants behaved. If the study were
repeated now, participants may engage in even higher risk sexual practices. In addition, the
recent large reduction in HIV diagnoses in the UK is likely to have reduced the strength of
the associations seen between risk factors and sexual outcomes described in this thesis (e.g.
HIV and STIs). If the HIV incidence continues to reduce, and STI incidence continues to

increase in the UK, an STI may become less predictive of HIV risk in future years.

6.2.3 Low number of HIV and HCV diagnoses

Given the nature of this pilot study, a number of analyses were restricted by low numbers
of HIV and HCV diagnoses. Standard multivariable analyses were not feasible for these
outcomes, and therefore a risk score could not be developed for PrEP eligibility.
Nevertheless, the diagnosis of a key STI was used as a proxy for HIV risk. Given that NNT
and PPAI are univariable measures, [ also proposed the use of an iterative approach to

identify multiple baseline characteristics that put participants at highest HIV risk. However,
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the low number of events also made this approach prone to variable selection bias, where

less frequent characteristics are more sensitive to this.

Calculating HCV incidence by calendar year was also compromised because estimates
varied according to the assumption made about the time of infection. I used an imputation
approach, proposed by Vandormael et al, to account for the unknown interval of HCV

infection [172].

6.2.4 Long follow-up

The long follow-up of PROUD (up to four years) meant that calendar trends in clinical
outcomes for participants with access to PrEP could be examined. Longitudinal information

on participants not receiving PrEP was more limited (up to one year).

6.3 Possibilities for future work

At some point in the future, HIV incidence could reduce to the extent that some MSM will no
longer be at sufficiently high risk to warrant receiving PrEP. Although it would be very
useful to study this, it is difficult to conceive how this could be done without a no-PrEP
control group. The PrEP Impact study in the UK collects information on individuals who
initiate PrEP within the programme. It collects data on STI diagnoses made in sexual health

clinics but does not collect data on sexual behaviour.

My work in Chapter 2 focused solely on baseline predictors of HIV to ascertain who should
initiate PrEP. However, time-updated HIV predictive analyses could help inform whether
individuals should remain on PrEP, and whether adherence support is necessary. In
addition, time-updated predictive analyses (rather than baseline risk factors) of STI
acquisition would help to identify characteristics of MSM at highest risk, and those who

would most benefit from risk-reduction strategy counselling.
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To understand whether PrEP increases the risk of STIs, causal models would be required.
However, these would require complex datasets, including the reasons for screening,
treatment of infections, and clearance. This may not be achievable given time pressure in

sexual health clinics and the accuracy of clinic notes.

Given the continued reductions in the cost of Truvada and changes in the underlying HIV
risk, there is a need to update cost-effectiveness analyses of a UK PrEP programme, building
upon the work by Cambiano et al. and Ong et al. [53, 54]. It is important that these models

consider both directly and indirectly averted HIV infections.

The PROUD dataset is unique with a no-PrEP randomised comparison. The next-generation
PrEP trials, such as DISCOVER (F/TAF vs. F/TDF), are designed as double-blind and double-
dummy non-inferiority designs with an active control. These studies will be restricted in the
analyses that can be performed. In addition, given the high effectiveness of current PrEP
regimens, very few HIV outcomes are expected in these trials, suggesting there is a need for

alternative approaches to trial design and statistical analyses [182-185].

6.4 Conclusion

The findings presented in this thesis have confirmed that PROUD participants were at very
high risk of acquiring sexually transmitted diseases, including HIV, bacterial STIs, and HCV.
As early adopters of PrEP, PROUD participants may have been a sub-population at extreme
risk. Nonetheless, future PrEP programmes need to include sufficient resources to screen

and treat clinical outcomes.

The risk of STIs was highly heterogeneous between individuals, with wide variation in the
number of diagnosed infections (some with zero infections over three and half years of
follow-up). Heterogeneity in HIV risk cannot be directly observed since the infection is
acquired only once. However, it can be inferred because of the wide range in predicted risk

according to baseline factors e.g. almost five-fold higher for participants reporting a recent
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key STI diagnosis and for those with two or more ncRAI partners in the previous three
months. Similarly, HCV risk also varied according to risk factors, for example, the risk was
six-fold higher among those reporting fisting since the last visit. Identifying potential risk
factors of clinical outcomes may enable health-care providers to give the most appropriate

care for individuals seeking PrEP.

My thesis has shown that epidemics of STIs can vary markedly with calendar time. For
instance, incidence of syphilis in PROUD increased more than three-fold between 2013 and
2015 while HCV incidence more than doubled between 2013 and 2016. These trends were
most likely due to changes in background rates in UK MSM over the same time period. This
supports the need for ongoing surveillance, including flexibility to amend the frequency of
screening. This also highlights the danger in attributing time changes observed in cohorts
of PrEP-users to the effect of PrEP itself. More generally, my work has highlighted that
researchers should take care in the design, analysis and interpretation of PrEP studies to

ensure the most robust conclusions.
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Table 6.1: Summary of key findings, limitations and possibilities for future work

Objectives Key findings Limitations Future work
Chapter 2 » Matching with the national database of HIV diagnoses enhanced the analysis of ¢ Conclusions are most applicable to those ¢ [f possible, continue to
. . HIV incidence already willing to accept the offer PrEP, rather monitor predictors of HIV
To identify MSM at the than who to offer it in the first place acquisition as the use of PrEP
greatest risk of HIV for ~ « MSM seeking PrEP are at high risk of acquiring HIV

PrEP initiation

 Highest HIV risk was amongst MSM reporting a rectal STI or syphilis diagnosis
in the previous twelve months, or reporting condomless receptive anal
intercourse with two or more partners in the past three months

« Participants reporting neither of these risk factors were at substantially lower
risk of HIV

e Other baseline characteristics, such as: full-time employment; chemsex;
poppers; living with partner; born in the UK; and younger age, were associated
with the risk of acquiring a key STI, and are likely to be associated with a high
risk of HIV.

 The high HIV incidence in PROUD raises
concerns about whether results are
generalisable to wider MSM population

 HIV diagnoses identified outside the UK could
be missing from matching exercise

¢ Low number of events resulted in imprecise
HIV incidence estimates and restricted
multivariable analyses

¢ A high number of PEP prescriptions were
taken in the deferred arm during this period
which could have underestimated HIV incidence

* Binary analysis for STI proxy analysis did not
incorporate repeated STIs

expands in the MSM community
and HIV incidence decreases

» Time-updated HIV predictive
analyses could help inform
whether individuals should
remain on PrEP, and inform
whether adherence support is
necessary

Chapter 3

To critique
epidemiological
measures used in PrEP
research

¢ In the context of PrEP research, NNT calculations should be based on estimates
of HIV incidence rather than cumulative incidence. It may be helpful to present
two different values, one based on total person-years of follow-up and a second
scaled by the medication possession ratio to reflect the amount of drug
prescribed

« NNT is not generalisable to a population with a different HIV incidence but can
be scaled up or down if the incidence in the wider population is known

» The use of PAF to measure the impact of PrEP on population HIV incidence is
misleading and should be avoided. PPAI is an appropriate alternative measure.

¢ NNT and PPAI are univariable measures and
do not account for confounding risk factors

¢ PrEP-initiatiors may find NNT difficult to
understand.

¢ Generalisability of NNT needs to be
considered carefully in settings outside of the
trial because it incorporates baseline HIV risk

¢ NNT and PPAI do not incorporate the onward
transmissions prevented as a result of PrEP

¢ Given the newly reduced cost
of Truvada and changes in
underlying HIV risk, updated
modelling would be required to
estimate the cost-effectiveness
of a PrEP programme and
estimate the directly and
indirectly averted infections in
the UK.
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¢ PPAl and NNT can be used in conjunction to identify characteristics of MSM
most in need of PrEP prioritisation

A step-wise approach can be used to identify a set of characteristics at high risk
of HIV when multivariable analysis is not feasible

* A step-wise approach to identify multiple
characteristics at high risk of HIV is highly
unstable with a small number of outcomes

Chapter 4

To assess whether
access to PrEP
increases STI incidence

¢ Although there are several open-label studies in PrEP-users, PROUD is the only
open-label study with a randomised design to evaluate the impact of daily PrEP
on STIs

» Reported studies and PROUD confirm that MSM seeking PrEP are also at high
risk of STIs and frequent screening is clinically justified

» Analyses need to pay careful attention to selection of the control group, risk of
detection bias, choice of statistical model, managing concurrent diagnoses (more
than one anatomical site, more than one pathogen) and repeat infections, and
changes in background STI incidence over calendar time

 Estimating STI incidence is more appropriate than estimating that probability
of ever being diagnosed, and the negative-binomial model was the best fit for the
PROUD data due to the heterogeneity in risk between participants

 Using these methods, I conclude that the incidence of STIs, particularly rectal
chlamydia, was higher among PROUD participants with access to PrEP

 Detection bias may have inflated the observed STI incidence in PrEP-users
compared to non-users

* The fact that STI incidence was high in PROUD participants before they enrolled
in the trial may limit the ability to assess whether PrEP increases STI incidence

« Unable to separate out the effects of risk
compensation and detection bias given the level
of data collected

¢ The randomised comparison was limited by
unknown high effectiveness of PrEP in
preventing HIV during this period, therefore
sexual behaviour could have differed once this
was known. Therefore, generalisation may be a
concern during this period.

¢ The pre- and post-PrEP comparison in
deferred arm must be interpreted considering
change over calendar period in background STI
risk

¢ Time-updated predictive
analyses of STI acquisition
would help to identify
characteristics of MSM at
highest risk of STI diagnosis, and
who would most benefit from
risk reduction strategy
counselling.

¢ If possible, causal models
should be conducted to
ascertain whether PrEP
increases the risk of STIs.

Chapter 5

To estimate the
hepatitis C risk and
predictors in PrEP-
users

* HCV screening rates varied according to clinic and other reported risk factors.
Not all participants were screened for HCV at baseline, but due to the nature of
HCV screening, status can be ascertained from the first test if negative for Ab. I
recommended that follow-up should be from randomisation (rather than first
screen) until final screen to minimise bias

* Due to the low number of events in the deferred phase, I was unable to
determine whether PrEP was driving HCV acquisition

* Small number of HCV outcomes reduced
precision, and precluded randomised PrEP
comparison and multivariable predictive
analyses

« Completion dates of questionnaires meant
that risk factors were not always collected
around the time of infection. In addition, the
self-selected nature of the monthly

« National surveillance of
localised HCV epidemics should
help inform frequency of
screening among MSM using
PrEP




¢ [ concluded the random-point method was the most appropriate approach to questionnaires is likely to introduce bias into
account for the uncertainty around the date of HCV acquisition and to estimate the analysis.

HCV incidence over time
* 8% of participants were not screened for HCV

¢ HCV incidence increased with calendar time, which could explain the low during the trial, therefore their status was
seroprevalence relative to incidence. I could find little evidence of a change in unknown which could influence seroprevalence
risk factors so the increase was most likely to be due to an increase in and incidence estimates

background incidence during the study period

¢ HCV acquisition was associated with the total number and new condomless
receptive anal intercourse partners, and participants reporting this with an
unknown or positive HIV-status were also at an increased risk.

» Reporting the use of poppers at baseline, and fisting or the use of sex toys since
the last visit, put participants at significantly increased risk of HCV acquisition.
Reporting multiple high-risk activities i.e. drug use and other high risk sexual
activities (fisting, sex toys) also put individuals at high risk of acquiring HCV.
Injection drug use was reported by a number of participants acquiring HCV but
was not the only transmission risk

N
N MSM, men who have sex with men; HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis; STI, sexually transmitted infection; UK, United Kingdom; NNT, number needed to treat;
PAF, population attributable fraction; PPAI, proportion of potentially averted infections; HCV, hepatitis C.
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Table 6.2: General strengths and limitations of using PROUD data in thesis

Strengths

Limitations

PROUD included MSM seeking PrEP in a pragmatically designed trial
to reflect real-life; this enable conclusions to influence future PrEP
guidelines

Self-completed nature of sexual behaviour questionnaires could
introduce bias, especially for HCV predictors analysis

Consent obtained from participants allowed ascertainment of missing
HIV status via national database of HIV diagnoses

STI screening by indication incorporates detection bias, which differs
according to PrEP status. Information on reason for screening was not
collected in order to separate these effects

The wait-listed design of PROUD allowed open-label randomised and
pre-/post-PrEP comparisons

Changes in protocol/recommendation of screening guidelines (STIs
and HCV) could also impact the ascertainment (/detection bias) of
these outcomes over time

Vast amount of data collected on clinical outcomes (including STIs by
anatomical site), and sexual behaviour which allowed predictive
analyses

The high-risk participants, possibly driven by the differential risk
behaviours of early adopters of PrEP, raises questions around the
generalisability of conclusions from PROUD

PROUD participants were at high risk of HIV, therefore, conclusions
are most applicable to individuals in the most need of PrEP, in the UK
and other similar healthcare settings

The randomised period was when the high effectiveness of PrEP was
unknown, and therefore participants could have behaved differently
during this period compared to the post-deferred phase or if the study
was conducted now

Long follow-up and high adherence to PrEP allowed key analyses of
the long-term effects of PrEP, including the prevention of HIV, and
estimating the risk of other sexual outcomes

The recent reduction in HIV diagnoses in the UK is likely to reduce the
strength of associations between risk factors and clinical outcomes.

Given the nature of the pilot study, the number of HIV and HCV
outcomes were low, precluding multivariable analysis, and a
randomised comparison of HCV incidence

Missing HCV clinical outcomes for 8% of participants

MM, men who have sex with men; PrEP, pre-exposure prophylaxis; HCV, hepatitis C virus, HIV, human immunodeficiency virus; ST, sexually transmitted

infections; UK, United Kingdom.
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Appendix 4 PROUD trial Baseline Sexual Behaviour Questionnaire (Form 2)

Form 2 Baseline sexual behaviour
PROUD
N\~

Baseline Sexual Behaviour Questionnaire |

Tral no: nitials: Date of birth: Date form completed.

Patient Questions

1. Are you: Male [ Transgender []
2. How would you describe your sexuality?

Gay/Homosexual [] Straight/heterosexual [] Bisexual [[] Other (please specify)
3. To which of these ethnic groups do you consider yourself to belong?

White (] Chinese [] Irish ] Irish Traveller (]
Indian [] Pakistani [] Bangladeshi [] Black Caribbean []
Black African [ Black Other (]  Mixed Ethnic Group Other

Waere you born in the UK? Yes[] Mo [ (1f yes skip to question &)
If no, which country were you born in?

What is your date of birth? __ /[ (please fill 35 DO/MM YV YY)

N g ¥y op

At what level did you complete your education?

[ Finished education with no qualifications

[J O levels/GCSEs (or equivalent gualifications at age 16)
[ A levels (or equivalent qualification at age 18)

[] University degree or above

[ still in full-time education

[ Vocational Training

[] Other gualifications (please specify)

8. What is your current work situation?
1 Employed ar self-employed FULL-TIME (at least 30 hours a week)
I Employed or self-emplayed PART-TIME {less than 30 hours a week)
[ Part/full time student/education/training
[] Unemployed
[ Retired
] Other {piease specifv)

9. Are you currently in an ongoing relationship with a partner (wife/husband or civil
partner or girlfriend /boyfriend)?
] ¥es, I amin a relationship and living with my partner
] Yes, I amin a relationship but not living with my partner
] No, I am not currently in an ongoing relationship with a partner
10. Have you been circumcised? Yes [ Mo [
| Behavi 2

11. With how many different men have you had either been bottom (receptive, passive, he
fucked you) or top (insertive, active, you fucked him) during anal sex in the last 90

days?

FROUD, MRC CTU, Aviation House, 125 Kingsway. London WC2B SNH v1.1 07 Sept 2012
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Form 2 Baseline sexual behaviour

12. with how many different men have you been bottom (passive) during anal sex in the
last 90 days? l:“:l (If @ please skip te guestion 15)

13. Of the men in question 12, with how many were you bottom without using a condom?

(If 0 piease skip to question 16}

14. Of the men in question 13, how many did you know were HIV positive?

(If 0 piaase skip ta questisn 16)

15. Of the men in question 14, how many did you know were on HIV treatment? DD

16. with how many different men have you been top (active) during anal sex in the last 90

days? (If 0 please skip te guestion 20)

17. Of the men in question 16, with how many were you top without using a condom?

(If 0 please skip to question 20)

18. Of the men in question 17, how many did you know were HIV positive?

(If ¢ please skip to questisn 20)

19. Of the men in question 18, how many did you know were on HIV treatment? DD

20. Of the men you've been either top or bottom with during anal sex in the last 90 days,
how many were new partners? Dl:l {This means mean you had not had sex with befora)

21. Think of the last time you had anal sex (top or bottom) with a man without a condom.
Thelse are reasons other men have given for not using condoms, please tick all that
apply.

[11 don't like using condoms

[JHe doesn't like using condoms
[CJCondoms weren't discussed

[JWe don't use condoms with each other but do with other partners
[IMeither of us had any condoms

1 didn't consider myself at risk of HIV
1 was under the influence of alcohol
[CJ1 was under the influence of drugs

[T am faithful to him

[IHe is faithful to me

[J1t is more enjoyable without a condom
11 was only dipping

[Clother

22. Think of the last time you had anal sex (top or bottom) with a man without a condom.
What was his HIV status?
[J1 don't know
[J1 thought he was HIV negative
1 thought he was HIV positive and on treatment
1 thought he was HIV positive and not on treatment
1 thought he was HIV positive and did not consider whether he was on treatment

23.In general, when you have anal sex (top or bottom) without using a condom to what
extent do you consider yourself at risk of getting HIV?

] Mot applicable [ Mo risk O A little risk

] Somewhat at risk [] Large risk [] Very large risk

FROUD, MRC CTU, Aviation House, 125 Kingsway, London WC2B SNH vl.1 07 Sept 2012
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Form 2 Baseline sexual behaviour

24.In general, how do you manage your risk of getting HIV? (Tick a/f thst apply)
] I frequently ask my partner to use a condom for anal sex
[ I frequently use condoms
[ 1 choose partners based on their negative HIV status
] 1 seek partners who I know are on HIV treatment
7] 1 think about strategic positioning (I try to be top if I'm not sure about my partner’s HIV
status)
[ 1 don't think about these risk reduction strategies

25. How many times in the past 12 months have you attended a clinic for a HIV test? D

26. How many times in the past 12 months have you attended a clinic for a STI test? :I

27. How many times in the past 12 months have you been prescribed a course of post-
exposure prophylaxis (PEP, taking antiretroviral (anti-HIV) drugs soon after potential

HIV exposure for 4 weeks to reduce the risk of becoming infected with HIV)?

28. In the past 12 months have you been diagnosed with any of the following?

Yes Yas
Rectal Gonorrhosa Syphilis
Urethral Gonorrhoea Hepatitis B
Cral Gonorrhoea Hepatitis C

Rectal Chlamydia
Urethral Chlamydia
oral Chlamydia
LGV

Genital warts (new or recurrent)
Genital herpes (new or recurrent)
Trichomonas

1 0 |
I o o o | O
I I I [

000000z

Health and wellbeing Questions

29. Over the last 2 weeks, how often have you been bothered by any of the following problems?

Mot at all  Several  More than half  Nearly every
days the days day

a) Little interest or pleasure in doing things

i

b) Feeling down, depressed or hopeless

) Trouble falling or staying asleep, or sleeping
too much

d) Feeling tired or having little energy
&) Poor appetite or overeating

f) Feeling bad about yourself — or that you are a
failure or have let yourself or your family down

g) Trouble concentrating on things, such as
reading the newspaper or watching television

O 0000000
O 0000000
O 0000 o00o
O 0000 o0od

h}) Moving or speaking so slowly that other pople
could have noticed. Or the opposite being so
fidgety or restless that you have been moving
around a lot more than usual

i) Thoughts that you would be better off dead, or
of hurting yourself in some way

O
O
O
O
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Form 2 Baseline sexual behaviour

Lifestyle Questions

30. In the past 3 months have you used recreational drugs (e.g. poppers, cannabis,
cocaine)?
ves[J No [ {If na, go to questien 32)

31. If yes, which drugs have you used?

Acid/LSD/magic mushrooms a Heroin [l
Anabolic steroids ™ Ketamine (K) N
Cannabis (marijuana, grass) O Khat {chat) ]
Cocaine (coke) d Mephedrone N
Crack O Morphine N
Codeine ad Opium O
Crystal meth (methamphetamine) [] Poppers {amyl nitrate) N
Ecstasy (E) ™A Speed (amphetamine) N
GHE (liquid ecstasy) O \iagra J

Other (please specify)

32. How often have you had a drink containing alcohol (beer/wine/spirits/mixed drink) in
the last 90 days?

Daily D Nearly every day D 3 or 4 times a week D
Once or twice a week [] 2 or 3 times a month [] once [ ]

Mever D go to guestion 34

32. How many units of alcohol do you drink on a typical day when you are drinking?

{One unit=half 5 pint of beer/cider or 3 small glass of wine or a single measure of spirts)

34. Other men have suggested the following reasons as motivation for taking part in this
trial. Flzase tick all the statements that you agree with.
[ 1 want to contribute to scientific research
[ 1 want to receive the regular sexual counselling to help me understand and reduce my risk
] I feel pressured to have sex without a condom
] My partner is already in this trial
] Taking PrEP would reduce my risk of getting HIV
O 1 will be able to have more sex without condoms
] I want to help the gay community
[] Other

35. PrEP will be prescribed to men participating in this trial, either now or in the future, as
a [[:in]LY medication. When you are offered PrEP how often do you think you’ll miss a
tablet?

[ 1 will find it easy to remember to take my drug daily

[ 1 might forget to take my pill at my scheduled time but will remember to take it within a few
hours

I 1 might occasionally forget to take a dose

[ T might forget to take my drug once or twice a week

[ 1 will remember to take my pill if I know I am going to be having sex in a couple of days

] 1 will find a daily dosing schedule very difficult to follow

Thank you for finishing the questionnaire.
Please place in the provided envelope and hand to a doctor or nurse
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Appendix 5 Values for ncRAI and STI data in baseline questionnaire

Table 6.3: Values for ncRAI and STI data in baseline questionnaire

No. HIV
ncRAI=>2 key STI No. participants infections
Y Y 70 12
Y N 73 4
Y . 3 1
N Y 30 3

Y 1 0

N N 76 0
N . 4 0
N 6 1

5 0

Y, participant reported behaviour/infection at baseline; N,
participant reported that they had not had behaviour/

«n

infection; “.”, no information reported

277



Appendix 6 PROUD trial laboratory CRF (Form 5)

Form 5 PROITD laboratory results
N\ A
| Laboratory results

Trial no: Initials: Date of birth: Date of wisit:
JEEEEEEREEEEREN/ AN AN /EE/EN
Month of visit

100 30 o0 90 1200 1300 1500 1800 210 2400 2700 300 330
361 2000 420 Unscheduled [ reason ......ewemsmmssnnmesmsssisssssssssaes

1. Serum creatinine Not done [ |

Daone

]

2. Is wrinary creatinine :protein ratio > 20?

Mot done [ ]

3. HIV result

Not done []

Date sample collected: [_||_|r’[_]|_]r’L]|_]

MNegative D Positive D Indeterminats D

result DDD pmol/L

Mo D Yes |:| if vez, check diet and rapeat; Truvada may need o be interrupted if confirmead

4. Any STI results at this visit or since last study visit? : No D Yes D if yes complete below

a. Rectal Gonorrhoea
b. Urethral Gonorrheea
c. Oral Gonorrhoea

d. Rectal Chlamydia

e. Urethral Chlamydia
f. Oral Chlamydia

g. LGV

h. Syphilis

i. Hepatitis B

j. Hepatitis C

k. Genital warts

I. Genital herpes

Number of
screens

=
o
=

1]

OOdodooonood

Number of
infections

OO

Recurrent

L0

Researcher completing this form. I confirm that this is a true record

Signature

Print name

Date

PROUD, MRC CTU, Aviation House, 125 Kingsway, London WCZE 6NH
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Appendix 7 PROUD trial Baseline eligibility and enrolment CRF (Form 1)

Form 1 PRO[TD Baseline eligibility & enrolment

Baseline eligibility and enrolment

Trial no: Initials: Date of birth: Date of visit:

pLICICICICICT JCICIed JCIC e aIe] | CIC /]
ctinic number : [ I 1 I ]

1. When did this participant first attend this clinic? HEy/RR/ENR
2 When was his most recent attendance before today? [_”—|j|_”_|f[—|_—|
3. When was his last negative HIV test? HEy/ENy/ER
4.  When was his last STI screen? Ll |j| Il |/| L]
5. What is the participant’s weight? DDD.D kg

6. What is the participant’s height? LH_[L] m

7. STI history — please completa the following table answering ves or no for each of the columns

Ever tested Previously tested
positive {include smear

1 positive)

a. Rectal Gonorrhoea Yes |:| No |:| Yag |:| No |:|
b. Urethral Gonorrhoea Yes |:| MNo |:| Yes |:| No |:|

c. Oral Gonorrhoea Yes |:| Mo |:| Yes D No D

d. Rectal Chlamydia ves[ | wol[] Yes[ 1 mNol[ ]
! -

e. Urethral Chlamydia Yes[ ] o [] Yes[ ] No []

. f. Oral Chlamydia Yes |__| MNo [_—l Yes |—] No |_|
[ g.Lov ves[ | mol[] ves[ ] no[]
h. Syphilis Yes D No |:| Yas |:| No |:|
| i, Hepatitis C Yes |:| Mo |:| Yes |:| No |:|

Previous history

j. Genital warts {new or
| recurrent) ves[] no[]
| k. Genital herpes (new or

recurrent) ves [ ] No[]

|. Hepatitis B: is the participant immune to hepatitis B following natural infection or immunisation ?
Yes |:| No D Not clear D

8. Was there 1+ protein in the absence of nitrites on urinalysis in clinic today? Yes |:| Mo D
If yes consider other causes {eg protein supplements) and the need for further investigation

PROUD, MARC CTU, Aviation House, 125 Kingsway, London WC2B SNH v1l.1 09 Mov 2012
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Form 1

9. What drugs has the participant taken in the last & months?

(include recreational & over the counter drugs)

Baseline eligibility & enrolment

ragularly = every day/every week
frequently = at least every month
occasionally = less than once a month

| Drug name

regularly

frequently | occasionally

[l

Oogig o oo g

Ooggo|oiog

O Ogoo|d

10. Have any risk reduction interventions been offered today and taken up?

| Strategy

Offered today

Taken up

| a. Counselling (health advisor or referral)

Yes D

NOD

Yes [:‘

No ]:| Already on D

| b. Motivational interviews

Yes [:]

NOD

Yes []

No D Already on E]

<. Psychotherapy/cognitive behaviour
| therapy

ves [

no []

yes [

No D Already on E]

| d. Addiction services

Yes []

no [

ves [

No D Already on D

e, Other specify

es [

no [

ves []

no [ ] Already on[]

Explain the long and short behavioural questionnaires and diary card, and confirm the
participant is willing to try and complete these in follow-up.

The participant should be given privacy to complete the first set and place them in a sealed
envelope to send to MRC CTU whilst you randomise

ves [ no []

11. Will he be able to complete these online in future?

PROUD, MRC CTU, Aviation House, 125 Kingsway. London WC2B SNH
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Form 1 Baseline eligibility & enrolment

ty check |

12.Inclusion Criteria (All must be Yes)
The volunteer:-

a) Was born to male gender

b) Is aged 18 or more

c) Has attended clinic on at least one previcus occasion

d) Has completed a screen for HIV & STI

e) Is HIV negative by routinely used assay at this site within the last 4 weeks or today
f) Has had unprotected anal intercourse on maore than 1 occasion in the last 90 days
g) Is likely to have unprotected anal intercourse in the next 20 days

h)  Is willing to complete monthly questionnaires on sexual behaviour and adherence

i) Is willing and able to comply with the visit schedule throughout the follow-up peried

OooDoo00ooOooogg
[ A Y o 5 [

7) Has signed the consent form [Date signed [/

&
w

13.Exclusion criteria (All must be No)

a) Has had an acute viral iliness that could be due to HIV seroconversion
b)  Are there any contraindications to Truvada? (e.o. renal tubular dissase)

c) Is treatment for hepatitis B indicated or currently ongoing

0 1 o
O000Ozs#

d)  Is unlikely to comply with the randomised allocation
If any of the shaded boxes have been ticked the subject is currently ineligible

14. Does he have a regular sexual partner who has been enrolled in this study?

No [] Yes [] ifYes Partner's Trial number P DDDDDD

If eligible the volunteer can now be randomised

Randomised to: Arm A - Immediate PrEP E] Arm B - Deferred PreP D

15. Has HIV serology for antigen/antibody testing been collected today? Yes D No D if No
please collect this now

If randomised to Immediate Prep:

16. How many Truvada have been prescribed today? Dl:l pills

Go through the instructions for the use of Truvada and collect serum for creatinine

Researcher completing this form. I confirm that this is a true record
Signature Print name Date
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Appendix 8 Example of the use of nlcom to calculate NNT confidence
intervals

poisson hiv i.trlarm, offset (off)
**calculate confidence intervals for HNT by survival function using incidence rates (SD method)

nlcom (Surv_IMM: exp(-exp(_b[ cons]))) ///
(Surv_DEF: exp(-exp(_b[_ cons]+ b[2.trlarm])}}, post

nlcom HHAT: 1/ ( b[Surv_IMM]- b[Surv_DEF]), lewvel (93}
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Appendix 9

PROUD trial First Positive HCV CRF

FIRST POSITIVE HCV Clinic reporting form

Trial no: Initials: Date of birth: Date of visit:
p OO (OO0 (OO0 /000107 | OOy
Month of visit
10 30 e o0 1200 1300 150 18] 210 240 2700 2000 330
36 ] 200 420 Unscheduled [] FRASOM ......cociveeisimmnsssssmmmsomsssmssssnnssnnsanmamss o somsnses
. n i —
1. Any previous episodes of HCV infection prior to this new diagnosis? No I:[ Yes D
2. Date of current HCV diagnosis: DD{DD]DD
3. Suspected date of infection (if known): DDKDD,’DD Answer Q7 and 8 based on this date.
4. Symptomatic at time of probable infection or at time of diagnosis? Mo E’ Yes D
Unknown
5. Method of HCV diagnosis
HCV antibody [ HCV antigen [ HCV PCR [T
Date last negative: DD}'DD[DD
Has the last negative sample been storaed and available for retrospective testing? Mo [ Yes [
6. Any abnormal LFTs noted? Mo [] Yes [
List 3 most recent LFT results {if available)
Date ALT __ [AST [ ALP GGT___| Bilirubin | Albumin [ HCV RNA_
Risk assessment
7. Has the participant engaged in any of the following at suspected time of HCV infection:

{i) Recreational drugs during sex? No [] ves []
If yves, which of the following?

Anabolic steroids | Crack |
Acid/LSD | Crystal meth O
Amyl nitrates (poppers) ] Ecstasy |
Cannabis | GBL/GHB 1
Cocaine O Mephedrone O
Other non-prescribed: L et o e e A e
{ii} Injected drugs excluding prescribed medicines? No [] ves []
(i) Group sex (2 or more partners)? Mo [] ves []
{iv) Fisting? nNo [ ves [
With gloves Without gloves
Receptive? No [ Yes [ No [ ves [
Insertive? Mo [] Yes [] Mo [] Yes [
{v) Using sex toys No [] ves[]
With gloves Without gloves
PROUD, MRC CTU, Aviation House, 125 Kingsway, London WC2B 6NH w1.5 18 July 2015
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Receptive? No [ Yes [J No [ ves [
Insertive? No [] ves [ Mo [ Yes [

8. Has unprotected anal sex occurred at suspected time of infection? No [ Yes [
If yes, how many condomless anal sex partners in the past 20 days?

9, Has the participant been diagnosed with any of the following within the 20 days since HCV
diagnosis:

Gonerrhoea:  No [] Yes [

If yes: Date: DD/DDﬁDD Rectal? Mo [] ves [

Pharyngeal?  No [ Yes [J
Urethral? Mo ] Yes [

Chlamydia: No [ yes [

if ves: pate: L VO ICI/CIC]  Rectal Mo [ yes [

Pharyngeal?  No [] Yes [

Urethral? No [ ves [

LGV: No [J ves [ 1 yes, pate: [ ]/ ] 1/[]C]
Syphilis: No [ Yes [ If yes, pate: [/ ]I/
Hepatitis B: Mo [] Yes [] fyes, Date: [ /L LI/ ]
Genital warts: No [ ves [] If yes: New diagnosis [J orrecurrence [0 pate: [/l

Genital herpes: No [] Yes [] If yes: New diagnosis [ orrecurrence [ pate: [ /TIC /L

Researcher completing this form. I confirm that this is a true record

Signature Print name Date
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Appendix 10 PROUD trial visit CRF (Form 4)

Form 4 PRO[TD visit
N\~
Trial no: Initials: Date of birth: Date of visit:
pLICICCC OO0 [ OCy OO0 | Oy Oy 0]
Manth of visit
10 30 00 90 120 13 150 180 21 240 2700 300 330
361 3900 4207 Unscheduled [ FEASOM ...uvivisrismmssssmssssssisssimsssssssssssssnsns s sssssssss

1. Has the participant been admitted to hospital since last study visit {excluding elective surgery
and social admissions)?

No [ Yes [ if vee complete SAE form &

2. Has the participant suffered any illness that PREVENTED them from undertaking their usual daily
activities AND sought medical attention since last study visit?
No[Jves[J  a. Did this meet the definition of an SAE?  No [ Yes [ If ves complete SAE form &

3. Has the participant been prescribed post-exposure prophylaxis (PEP, anti-HIV medication after
potential HIV exposure) since the last study visit? No [ Yes [ if Yes, how many courses

4, Has the monthly sexual behaviour questi ire been c leted in the last month?

&

No [] Yes [J i#no please give reason and ask participant to complete in clinic

5. Has condomless anal sex occurred since the last study visit? No O ves [
If yes, how many condomless anal sex partners in the past 30 days? _

5a. Has the participant engaged in any of the following since their last visit:
Crystal meth, GHB/GBL or mephedrone immediately prior to, or during, sex ("chemsex") CINo [lves
Injection drugs {(including injecting “chemsex drugs”, excluding anabolic steroids or medicine) TNo [lves
Snorted cocalne Cro Cves
Group sex {sex with more than one other man at the same time) Cno Clves
Use of sex toys, such as dildos or vibraters Ono Clyes
Fisting (receptive or insertive) CIne Cves

If yes, have they engaged in fisting without the use of protective gloves?  [INo ClYes
6. Has an HIV test been performed since the last visit, including today?
Mo l:] ves [ i ves complate laboratory CRF form 5
7. Has an STI screen been performed since the last visit, including today?
Nao [ Yes [ i ves complete laboratory CRF form 5

8. Has serum creatinine (12,24,36m,exit) or urinary creatinine:protein ratio been collected?
No [ Yes [ if ¥es complete faboratory CRF form &

9. What was the result of urinalysis today?

1 No protein [ Urinalysis not indicated eg unscheduled visit
[1 Trace protein [J urine not collected in error*
[] 1 +protein or more further action may be required [0 Could net pass urine today*

*if baseline creatining claarance resull =80mimin Ao action; if SO-S0mi/min than reschedula urinalysis if taking Trovada

10. What is the participant’'s current weight? L__JDD Dkg

PROUD, MRC CTU, Aviation House, 125 Kingsway, London WC2B 6NH wi.4 19 Jan 2015
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Form 4 visit

11. Risk reduction interventions offered today or already being undertaken:

Strategy Offered today Taken up

a. Counselling (health advisor or referral) Yes D No D Yes D MNa D Already on D
b. Motivational interviews ves[ ] wNol[ ] |ves[ ] mnol ] Areadyon[ ]
;::H:rs:;:c:ntherapwcognitive behaviour Yes D No |:| Yes |:| No I:‘ Already on D
d. Addiction services Yes D No D Yes D Mo D Already on D
e. Other specify Yes D No I:‘ Yes D Mo D Already on D

For icipan king Truwv
Is the participant on Truvada/starting? No [J ves [] Starting [J

12. Does the investigator wish to report an adverse event to MRC because it is relevant to the safety
evaluation of Truvada? (please capture bone fractures, clinical renal events, and unexplained
abdominal pain/nausea/headaches)

No D Yes D If Yes complete AE form 8

13, Has the participant DISCONTINUED Truvada for a medical event (excluding HIV)?
No [ Yes [ If Yes complete SAE form &

14. Has the participant had any side effects to Truvada in the last 30 days?
[ Ne

[] Yes but not enough to miss any tablets
[J Yes enough to miss tablets complete AE form 8

15. How well is the participant managing on a scale of 1 to 10, where 10 = no missed pills?

0 1 2 3 4 5 6 7 8 9 10

17. How many pills were dispensed last time? DDD
18, How many pills should the participant have left? l:":’l:'

19. How many pills does the participant have left? DDD
20. Did the participant bring these to clinic today? No [_] ves [ ]

21, How many Truvada have been prescribed today? DDD
If adherence support was offered, go back and check that your answer to guestion 11

Researcher completing this form. I confirm that this is a true record

Signature Print name Date
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Appendix 11 PROUD trial Adherence and Sexual Behaviour CRF (Form 3)

Form 3 Adherence and sexunal behaviour

PROUD
>

Adherence and Sexual Behaviour Questionn

Trial no: Initials: Date of birth: Date form completed:

Thiz form sheuld be completed monthly and just before your 3-monthly clinic visit; you will be sent 3 reminder.
Please bring all completed forms with you to you dlinic appointment For discussion with your nurse/doctor.

Sexual Behaviour

This section is about your sexual behaviour in general over the |ast 30 days. Unless otherwise specified
"sex” means anal intercourse {including "dipping”), either as bottom {receptive, passive, he fucked vou)
or as top (insertive, active, you fucked him). Approximate answers are fine.

1.

2.

6.

How many different men did you have sex with in the last 30 days? Dl:l iF 'O go to q14 if

currently prescribed PrEP tablsts or to end of this questionnaire if you are not currently prescribed PrEF

With how many different men have you been a top during anal sex without a condom in the
last 30 days?

With how many different men have you been a bottom during anal sex without a condom

in the last 30 days? E”:‘ if 0 go to question 7

Of the men in question 3, how many men did you not know their HIV status? l:”:l

Of the men in question 2, how many did you think to be HIV positive and not currently on
treatment?

Of the men in question 3, how many have you previously had sex with? DD

Recent Sexual history

This section is about your recent sexual history. It can include partners who you have already included in
question 3.

7.

Think of the last time you had anal sex in the Jast 30 days.
For each statement please tick one box on each row

a) I was top (active) during anal sex
No [ Yes with a condom [] ‘Yes without a condom [J
b) I was bottom (passive) during anal sex
no [ Yes with a condom [] Yes without a condom []
8. How many days ago was this? DD days
9. Think of the last time you were bottom (passive) during anal sex without a condom.
When was this? days ago
10. What was the HIV status of this partner?
LJI don't know
(]I thought he was HIV negative
11 thought he was HIV positive and on treatment
]I thought he was HIV positive and not on treatment
[JI thought he was HIV positive and did not consider whether he was on treatment
11. Was this a partner who you have previously had sex with? Yes [_] Mo []
FROUD, MRC CTU, Aviation House, 125 Kingsway, London WC2B &6NH v1l.1 07 Sept 2012
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Form 3 Adherence and sexual behaviour

Please skip to the end of this guestionnaire if you are not currently prescribed PrEP tablets or if you are
currently prescribed PrEP tablets but have not had sex without @ condom in the last 30 days go to gui4d

12.1In the 7 days before you had sex without a condom how many days did you miss PrEp
tablets? o | 1] ] 2[] =2 4 5 e | 7[]

13.In the 7 days after you had sex without a condom how many days did you miss PrEP
tablets? ‘:D 1I:| 2 |:| 2 |:| 4 l:‘ 3 |:| 6 |:| 7 |:| If it has not yet been s full 7

days since you had sex withaut 2 condom please estimate how many PrEF tablets you expect o miss

Your experience of using PrEpP

Many people miss tablets for a variety of reasons

14. Approximately what percentage of days in the last 30 have you missed PrEP tablets? Ficaze

mark on the line befow

0% 10% 20% 30% 40% 50% 60% 70% 80% S90%  100%

0 3 6 Q 12 15 18 21 24 27 30 tablets
| | | | | | | | | | |
| | [ [ | | | | | | |
Missed Missed Missed
MOMNE HALF AlLL

15. These are reasons other people have given for missing PrEP tablets. For each reason,
please show how often they apply to you by ticking the box that fits

Reasons for missing PrEP tablets Always Often Sometimes Rarely Never
a) I forgot

b) I am not convinced I needed PrEP

c) I decided to stop altogether

d) I am using other protection

&) I had a bad side effect to PrEP

) I lost my PrEP tablets

a) I decided to give myself a break from PreEp
h) I did not have my PreEP tablets with me

i) T am not currently having sex

i) I was concerned that PrEP might be harmiful

k) I don't like the idea of taking PrEP all the
time

Oodoooooogon
ODodooooooon
oooouooogd
ooooooooog
OooOooooonoodn

Thank you for finishing the guestionnaire.
Please place in the provided envelope and hand to a doctor or nurse during your next clinic
visit.

FROUD, MRC CTU, Aviation House, 125 Kingsway. London WC2B SNH v1.1 07 Sept 2012
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Appendix 12 Distribution of date of completion for monthly questionnaires
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Appendix 13 Number of unique participants reporting risk factors for the
first time during PROUD

Figure 6.1: Number of unique participants reporting category of number of ncRAI partner
for the first time during PROUD
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Figure 6.2: Number of unique participants reporting HIV status of ncRAI partner for the
first time during PROUD

1500

o
o
1

Number of partcipants
8
1

0_
T
01jan2013

T T T
01jan2015 01jan2016 01jan2017

Date

||:| No ncRAL_] HIV-negativElll] Unknown HIV st HIV-positi}/e

T
01jan2014

Figure legend: The number of participants reporting each behaviour is represented by the
difference between the category lines. White line represents the total number of

participants with at least one questionnaire completed at that time point (n=533).
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Appendix 14 International Workshop on HIV Observational Databases 2016
oral presentation on baseline predictors of HIV infection

Baseline Predictors of Incident HIV
Infections in the no-PrEP Group in
the PROUD Trial

Eilen White and David Dunn on Behaif of the PROUD team
International Workshop on HIV Observational Databases
016

7757 Ageil 201

The PROUD trial ( "‘:’”"

+ 544 men who have sex with men (MSM) in the UK
- Immediate vs. deferred PrEP
» Inclusion criteria - condomless anal intercourse

a) I o

th geior to enrolment
) &nticizate sgsin in next 3 months

- HIV test every 3 months

« Primary endpoint: compared HIV incidence between
arms

The PROUD trial [ ":"””

PROUD
Aim ( :

To identify characteristics of men who are
at the highest risk of HIV infection
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l PROUD

[ 544 MSM reporting UAL last/next 30 days |

269 sassigned iz
DEFERRED

HIV negative cohort

HIV negative cohort

l PROUD

[ 544 MSM regorting UAL last/next S0 days |

269 =szign=d 1o

e = -

=na:
+ve ot baschne
meallzra

33 no MIV teat after
Beacling

DEFERRED

HIV negative cohort

HIV incidence

l PROUD

[ 544 MSM reporting UAI last/next 30 days ]

253 included in
analysis

« Time to KIV diagnosis

- 253 participants (220 person years)

+ 20 HIV infections

« Incidence rate = 9.1 per 100PY
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HIV incidence (90% Cl) by baseline PROUD
_characteristics
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i 2 l PROUD " z l PROUD
Who is most at risk? Who is most at risk?

Defining high HIV incidence subgroups of Australian
homosexual men: implications for conduxting NIV
prevention trials in low HIV prevalence settings

P € b g N S g s b

* Simple approach

* No statistical medelling

» Inclusion criteria: AorBorCor..

l PROUD l PROUD
Who is most at risk? Who is most at risk?
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Who is most at risk?

l PROUD

Comprac
S awEvs MV
St Sewtusiea Seuis betees

Nurter ot

et 2008 32 a

4
ue

Conclusions

l PROUD

« No individual factor identified men who were
below the level of "substantial risk”, defined by
WHO

« Highest risk - bacterial rectal STI or 2+ anal sex
partners with no condom

- If PrEP needs to be prioritised then targeting
these groups would be the most effactive use of
limited resources
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Appendix 15 International Workshop on HIV and Hepatitis Observational
Databases 2017 abstract submission

B BT 2 iy

a

Abstract submission form
You MUST use this template. If you do not use it your abstract WILL be rejected.
Do NOT alter this form by deleting parts of it or adding new boxes.
Save this file in .doc or .doo format.

Title:

¥ Plesse do not add the names of authors o alfiliations on this ferm.

*  Plimse capitafise the first letter of the tithe and use lower case for the rest of the tithe [with the exception of proper nouns or
ahbreviations).

Different methods and their interpretation for Number Needed to Treat {(NMNT) in HIV pre-exposure prophylaxis

(PrEP) tnals

Abstract:

< Your absiract must ues Artal 10 and singie line

¥ Your abstract (induding tables and figures) misst fitinlo the space befow ard must not excesd 500 words.

¥ Tables and figure must have a tithe 2nd will be printed in black and white only.

¥ Please follow the g outiine Backgr Resisdts and Conclusion where applicable.

Bachground: Number needed to treat (WNT) is a well-known epidemiological construct that denotes the
average number of people that require treatment in order to prevent ome additional outcome. Originally
developed for binary outcomes, the calculafion of WNT is more complex for time-to-event outcomes and
continuous treatment, such as pre-exposure prophylaxis (PrEP) to prevent the acguisition of HIV infection.
Several methods have been proposed, but it is not necessarily clear which method is the most relevant. We
illustrate warious methods using data from the PROUD trial, discuss differences in their interpretation, and
highlight the one we consider to most pertinent for assessing the cost-effectivensess of PrEP.

Methods: PROUD participants (M=544) were randomised to receive PrEP immediately (IMM} or defermed
(DEF) PrEP starting one year later. The primary analysis compared HIV infection rates betwesn the two trial
ammis during the DEF period. We compared 4 methods proposed in the Fterature for calculating NNT with
time-to-event outcomes (Table 1). The first three methods are based on HIV endpoints only. Despite PROUD
evaluating a daily regimen, there were a number of participants who interrupied or discontinued PriEP.
Therefore we considered a fourth method which scaled 1D by the medicine possession ratio (IDyeg), defined
as the total number of pills prescribed divided by the total number of days follow-up.

Results: The HIV incidence rate was 1.2 (3 infections, 243 person-years (PY}) in the IMM group and 2.0 (20,
222} per 100 PY in DEF. KM and 5D values of 13.8 and 13.5, respectively, have the same interpretation and
indicate the number of patients that need to be nitially offered PrEP in order to avert one addiional infection
by 1 year. Unlike the S0 method, KM is sensifive to the precise timing of HIV diagnoses occurming around the
1 year time point; this is reflected in the wider confidence interval. The measure based on incidence rates (1D
is more relevant for implementation since PrEP is an ongoing intervention. it indicates the number of person-
years of PrEP care that need to be offered to prevent one addifional HIV infection. The MPR during the DEF
phase was 0.88. The IDurs value of 11.3 indicates the estimated person-vegrs of PIEP tregiment that needs
to be prescribed.

Discussion: Although the NNT estmates based om the swurvival function and incidence rates are
quantitatively similar they are conceptually different and it is imporiant o choose the method that is most
relevant to the question being addressed. In the context of PrEP implementation, as drug needs to be
provided on a long-term basis, calculating NMT in terms of person-years follow-up (1D and |Dwps) is the most
appropriate. As many patients do not need to tske PrEP continuously, and as drug is the major cost
component of PrEP programmes, [Dyes is the most relevant measure for assessing cost-effectiveness.

Table 1: Comparison of NNT calculation methods for preventing one HIV infection in PROUD

NNT = the reciprocal of the Gifference in - Acronym | HNT (90 CI)
Survival funchions at 1 year estimated from Haplan-Meter curves KM 13.8 patients (8.3-27.7)
Swurvival functions at 1 year infermed assuming exponential 5D 13.5 patients (8.7-21.0)
distributions

Incidence rates 1D 12.8 PY (8.2-20.2)
Incidence rates adjusted for medicine pc ion ratio IDwrr 11.3 PY (7.2-17.8)

21® Intemational Workshop on HIV & Hapatits Obsernvalional Datanasss (WHOD ), Lishon, Porfsgal
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Appendix 16 International Workshop on HIV and Hepatitis Observational
Databases 2017 poster presentation

—
PROUD
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Trials
Lnit:

Different methods and their interpretation for Number
Needed to Treat (NNT) in HIV pre-exposure prophylaxis

(PrEP) trials

Ellen White Sheena McCormack, David Dunn
MRC CTU at LCL

B Ek rou mtidﬂ'mdhmmtﬁplhﬂu_‘hﬂlihmhm
* Thare hses bean @ nomber of PREP ki [PrEX, PROUD, HPERGAT| whkch d e elect of ik I prevanting HIV in e
Fuve i with i P

' Aml--punnn‘ulmwmddh_ (NT) formed part of these Friak’ aralyses. NNT b defirsed i e svarmge nomber of

patinnts
mmmwmh-mﬂhmmmlmmmm“

i

* Lhing dete from tee PFACUD Irid, we simes 1o ideraify how HRT ous B ckuled in PP st and whether i mlue can Se gerensisd & %
el populetion gutsis of o trisl ariting.

* Ik leporiant o eitshibh whether PEP b Selaying of preventing HIY i thess an conoepfually diferenl. Wa abo wanl b guaniily the etent 1o

Different methods for NNT caicuiatlnn
= KT wen utl'-h

" mm
ourtrmwman # i not dear how et in cslculate thie.

" ranresy s P dapand o datacl an
warinbls (rivk-ruistes] dunstion of trestmant and binery v mnviel
ouireran. 'Ws cmpsres § nembsr of difsrem oeiasabion methadch WAL
(30 Embln iy ciwts from ths PROUD sl

* KTy wnd WETy Bave the ssme ilepretstion. Unlis e 50
rahod, M b asmifths B0 fhe precios Heing of WV disgrou .
neruring around S 1y S poink; this b reftacted in S wider o
corfidencs Infmnl f=r

& RN, s more rebevent for PrEP implamantstion dece & b en cngoing
mmnm—hmdmmdmmﬂwdm repy
thirt meed be ba oftess o prevan L one &S boral H efsction
Dmpha profoos, not sil PROUD paticparts inch PAEF delly Snos dng
dormn @ misjor part of the oo of cere, e waer! b tshe rlo sccount the

MNT in the population

* The underlying Hiv inddancs miy be difecendt in e el populstion
campared to the genend popalesion

= The MOUD el hed intdenca 7 b ghee than dued cinic
mttandar in the UK

" Unile relsfes il resuction [BAAL WNT b aMeced by Bessihe
lincidenc

= Thareions, whan =
‘walimuied MNT:
“"_Ju Juﬁuu u_.ﬂj..,. h'E"L —

£ i weidar dwtic i ww okl scile the

b,
BNTz, W Ty, | i the mioet spproprists.
* fa mary petients do not reed to ke PP confinuouty, and en dnag |

i . e P e el
the major oot component of PEF progremmmm, MNTy i the mont ﬂ"" e

e e .

e

Froc=ahl iy o 1S o elion

H P 2o ek oty o v e s

Does Prep prevent or dE,,_I
nﬂ-urumlqr pravwrh® o

= B bonot cmar in e contest of ekl
“dalayi™ HV infection. 3

1
|
hwﬂfﬂhdm-.lﬂﬂﬂui-h.ﬂ.ﬂ--ﬂ-ﬂm'ﬂ-g ey

ekl wneguenty scouce BV : - /'

'“mtwlmhml‘—nmmmmmi o

PR Comider $ fob
g g b -t

e bt |

I. e kit wﬂ‘-ilummﬂ!
A S e ey e BT O, 00 000 e il

= Thiligurs d that tha th iy of
oug when tham e @ amall ersber of eesnta

" Eeun afer @ lamge numbar of smual s, the comulstee rhh of HIE cen reeer be equsl and

Indirect effect of Prep
Indyidusa Saiking PriP and using cther IV preventon stoainges as
protecEng thermehv from e nfecticn dong with thair Bitums
H rhik i o fuit baied on e indiidus™ H-vh'nrhﬂh thefr
artramn’ and in bum B partnen”

m—:hﬁ.—h-hhﬂmhﬂ-w B ?‘ .-.:

mm‘rnmwmhm

* WNT cslculeted n a trial b actualy an upper bound tar ‘%-_’l
‘the s WMT b
than thoue See:Ely breabes

i et Priib

can rgact Fi

HY difan lergely betwsm e e a = iE B

L U Incldancs mies 1o cdoolste NNT shce: PriP b wed for a
winlable duration

L s berrns of o —eflecihanes, the mest appropriais HNT wosld
antjurst for mmount of dneg pretcoibed rather than just stierdance
i inic

3. 'Whan spplying MNT calculated in trials 1o the geneml population
we sheruilel meljerst bowr cifferences in the bassine incidence

4. 10 ks valid bo sary thart PrEP prevents HIV at a popslation el

297




Appendix 17 Abstract submission to British Assoiation for Sexual Health and
HIV Conference (2017)

_ BASHH 2017_PROUD 5Tis.Elna
|+
Important notes:

You MUST use this template. If vou gdont use it vour abstract WILL be rejected.

Do NOT enter author and institution information on this form. You will be able to
enter this information online when you submit the abstract.

Do NOT write outside the boxes. Any text orimages outside the boxes will he.
deleted,

Do NOT alter this form by deleting parts of it or adding new boxes. Simply enter
your information into the boxes. The form will be automatically processed — if you
alter jt your submission will not be processed correctly.

1. MAXIMUM word count of 250 words, no more than 1 table and no images
or figures

Save this file in .doc or .docx format.

Title:
Impact of PrEP on sexual behaviour? Significantly lower rate of rectal CT in non-PreEP users
in the deferred phase of PROUD disappeared when everyone had access to PrEP.

Abstract: (¥our abstract must use Nommal style and must fit into the box. Do not enter author details)
Introduction:

PROUD i5 uniguely placed. to compare rates of 5TIs between PrEF users and non-PrEP
users, and to provide longitudinal data in PrEP users between Mov12-Movls. We describe
reported 5Tls in the year prior to enrolment, and rates during the deferred and post-
deferred phases of PROUD when all participants had access to PrEP.

Methods:

Data were extracied, from baseline self-completed questionnaires. Staff were asked to
capture 5T screens and diagnoses from guarterly study and interim routine clinic visits.
We compared incidence rates of selected 5Tls for those with immedidate (IMM) access to
deferred (DEF) access during the deferred and post-deferred phase.

Results:

517 participants completed the STl baseline questions, reparting a median (ICR) of 3 [2-4)
screens in the 12m prior to enrolment; 172 (89 IMM, B3 DEF) reported a rectal infection.
Rectal STl rates were similar by phase and arm with the exception of lower rates of rectal
CTin the DEF arm during the deferred phase (p-value=0.024):

Deferred Phase Post-deferred Phase
Rate (N/pyrs) Invina DEF IIM DEF
Rectal GC 35.2 (81/229) 33.7{67/203) 31.4(129/411) | 32.7 |11&/355)
Rectal CT 33.5(77/225) 21.7 {43/203) 33.1(135/411) | 75.5 {10&/355)

Discussion:

The ongoing high rates of rectal infections show that participants remaining in follow-up
continued to need PrEP. The significantly reduced incidence of rectal CT in those allocated
to deferred PrEP was not observed in the post-deferred phase when everyone had access
to PrEP. This may be chance or may reflect an influence of PrEP on sexual practices.
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Appendix 18 Abstract submission to International Clinical Trials
Methodology Conference (2019)

L&scertainment bias: accounting for differential STI screemning frequency in a HIV
prevention trial

Background

Ascertainment bias is a phenomenon whereby the more screening that is conducted, the larger
the number of outcomes detected. PROUD, a pragmatic trial, investigated the effectiveness of
pre-exposure prophylaxis (PrEP) in preventing HIV acquisition. A key secondary outcome was
sexually transmitted infection (STI) diagnoses. However, clinic attendance, and therefore STI
screening frequency, was higher amongst participants receiving PrEP. We describe the impact
and relevance of adjusting for the number of screens in an analysis.

Methods

PROUD randomised participants to receive PrEP immediately (IMM) or after a twelve month
deferral period [DEF). The outcome was defined as the total number of 5Tls [chlamydia,
gonorrhoea, or syphilis) detected during the randomised phase. Negative binomial models were
used to allow for heterogeneity between participants. Unadjusted models and models adjusting
for the number of STI screens (as a linear term) were compared.

Results

There was a significant difference in the number of screens between IMM and DEF (mean 4.1 vs.
3.6, P<0.001). 5TI incidence was higher amongst the IMM group (114.7 vs. 94.3/100PY). After
adjustment, the incidence rate ratio (IRR) shifted towards the null (IRR=1.2 (95% CI;1.0-1.5),
P=0.08 to alRR=1.1 (95% CI:0.9-1.4), P=0.28).

Conclusions

Adjusting for the number of screens has been used in several PrEP studies to account for
ascertainment bias. However, it can be seen as an external confounder (e.g. additional screening
driven by clinic attendance for PrEP - which we want to adjust for) or a variable that lies on the
causal pathway (e.g. clinic attendance driven by symptoms, which we do not want to adjust for).
Simple statistical adjustment that does not discriminate between reasons for screening is likely
to over-adjust for factors related to 5TI risk Therefore unadjusted analyses provide a more
clinically relevant insight into the PrEP effect on STls.
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Appendix 19 Abstract submission to International Workshop on HIV and
Hepatitis Observational Databases (2018)

Submission Id: 97
Hepatitis C incidence in PrEP users: the importance of considering different time-
scales

Ellen White!, Monica Desai?, Nina Vora®, Sheena McCormack!, David Dunn!
I'MRC CTU at UCL, London, United Kingdom. 2National Institute for Health and Care
Excellence, Manchester, United Kingdom. 3IGH at UCL, London, United Kingdom.

Abstract
Background

In the past decade, hepatitis C (HCV) infection has been on the rise in men who have
sex with men (MSM), There is concern that the initiation of pre-exposure prophylaxis
(PrEP) will bridge the gap between the high HCV incidence in HIV-positive MSM and
the lower incidence in HIV-negative individuals. PROUD provides an opportunity to
estimate HCV incidence among MSM on PrEP. We explore the most appropriate way to
calculate HCV incidence in this scenario.

Method

PROUD ran between 2012 and 2016 and recruited MSM reporting anal sex without a
condom. Participants were randomised to receive immediate PrEP (IMM) or deferred
initiation for another 12 months (DEF). HCV screening occurred according to
individual site practice. HCV incidence was calculated from study enrolment to the
date of a new infection indicated by a positive antibody or antigen in a previously
antibody negative individual or antigen/RNA in a participant who had previously
cleared HCV. Negative individuals were censored at the date of their last HCV
screening during PROUD. We explore the use of two different time-scales: time from
enrolment (T1) and calendar time (T2, equivalent to time from the start of the study
[29Nov12]) allowing for individual late entry. Flexible parametric models (Royston-
Parmar) were fitted to model the change in incidence over time.

Results

Of the 544 participants of PROUD, 490 (90%) were screened for HCV at least once
during the study. During the course of PROUD there were 22 incident infections, 3 (1
IMM vs. 2 DEF) of which occurred during the deferred phase. Infections clustered in
the years 2015 (n=12) and 2016 (n=6). The overall HCV incidence was 1.85 per 100
PY (IMM 1.87 vs. DEF 1.82) but the rate increased significantly over time according to
both timescales (T1, P=0.013; T2, P=0.016). Cumulative incidence varied according to
the method, 0.90%, 2.89%, 6.08% and 0.91%, 1.71%, 4.13% at 1, 2 and 3 years after
randomisation (T1) and start of study (T2) respectively (Figure).

Conclusion

Within this group of individuals that have self-selected to access PrEP, HCV incidence
was much higher than general HIV-negative MSM populations attending GUM clinics.
During the deferred phase, the number of HCV infections was small, precluding
reliable analysis of the impact of PrEP per se. There was strong evidence to suggest
that the rate was increasing over time. It is not possible to separate the two
explanations for this: either incidence was increasing over calendar time or individuals
are at greater risk the longer they take PrEP. The former explanation is the more
plausible. This should be a consideration before attributing differences in incidence to
participant characteristics i.e. PrEP initiation or other such risk factors.
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Appendix 20 International Workshop on HIV and Hepatitis Observational
Databases 2018 poster presentation

Clinical

PROUD

MRC | tn

HCV incidence in PrEP users: the importance of considering
different time-scales

Ellen White!, Monica Desai?, Nina Vora?, Sheena McCormack?, David Dunn?

IMRC CTU at UCL, *The National Institute for Health and Care Exczllence, intstitus for Global Health,
ucL

Background

= Inthe past decads, hepatitis C (HCV) infecton has been on the rize in men who have sex with men (MR
= Thers iz concern that the initiaton of pre-exposure prophytaxis [Prep)

vill bridee the gap between the high HOV incidence in HIv-
positive MSK and the lower incidence in Hiv-negative individuals

+ PROULC provides n opportunity to estimate HCW incidencs among M3k on PrEs

‘e explore the most approgriate way to calculats HOY incidence in this scenario

Methods

= AROUD ran betwesn 2012 end 2016 and recruited MEK reporting 2nal sex without & cendom

Farticipants were randomized to receive immedizte Prep {IMR) or deferred initiatior for another 12 months [DEF)
HCW screening occurned eccording to individusl site practice

HEW incidence was celoulated from study enrolment to the date of a new infecton indiceted by 2 positive antibody erantigen inz
previcushy antibody negative individual or antigen/RM& in & pariicipant who had previously cleared HOV. Negstive individuzls were
censored 2t the date of their fzst HCW screening during PROUD

‘wie explore the use of nwo different time-sczles: time from enrolment (T1) and calendar time (T2, equivalent w time from the = of
the study [2oNov12]) allowing for individuz! late entry

Flexible parametric models {Royston-Parmar] were fied to model the change in incidence over time

Figure: Estimztad curnulative HCV inddence by time-scale
Results 010
oo
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incidence rate increased significantly over time according to T e
both timescales (T2, P=0.013; T2, P=0.016)
T1 15:] 248 8.0
Timescales Iz -] L7 4l
- Curnulstive incidence varied scconding to the timescales T4, time fram enrciment; T2, calendar time

Summary

within this group of individuals that have self-selected to access Pref, HOV incidencs was much 7

7 than general HIV-negative MW
populstions attending UM clinics

Turing the oeferred phasg, the numbser of HOV infectons was small, precuding reliatle analysiz of the impact of PrEP per 2. There was
strong evidencs to suggest that the rate was increzsing over time

it iz not possitle to separats the two explanations for this: either inc derce was increzsing over calendar time or individuz's ars at
grester risk the longer they teke Pres The former explanation is the mors plausible

» Thiz shiowld be a consideration before atributing differences in incidence to penicipant characteristics i_e. PIEP initiztion or other such
risk factors
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