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Abstract

Background
HIV prevention policy and program implementation rely heavily on cost-effectiveness studies. They involve the use of some uncertain variables, serving as
proxies for complex, emergent and unpredictable scienti�c, social and behavioural issues. The ongoing implementation and scale-up of oral pre-exposure
prophylaxis (PrEP) requires the improvement and re�nement of cost-effectiveness calculations, and the measures on which they are based.

Methods
We conducted a framework synthesis of the literature on cost-effectiveness for oral PrEP for men who have sex with men (MSM) in the US and UK between
2009 and 2021.

Results
Reviewing how behavioural risk variables were used in the studies, we found both signi�cant increases and decreases in projected risk behaviour in MSM
starting PrEP, and limited use of evidence for these variables. Studies that included increased ‘risk compensation’ scenarios inferred quantitative estimates
from qualitative measures, appeared to group risk variables with assumptions about low adherence, and projected estimates of increased HIV incidence
associated with PrEP use. Conversely, studies that included lower risk behaviour cited related research about behavioural risk reduction associated with
treatment-as-prevention and referenced discussions about the importance of changing risk behaviour, rather than empirical evidence of changed behaviour.

Conclusion
Increased accuracy of cost-effectiveness models can be achieved through re�ning the use of behavioural risk variables, including reference to a common
evidence base.

Background
HIV prevention policy and programmes that include the provision of oral HIV pre-exposure prophylaxis (PrEP) to prevent the acquisition of HIV are growing
globally, and have been in place in the US and the UK for some time. In England, the aim is to make PrEP routinely available to end HIV transmission by 2030
(1). Impact assessments (IAs) are central to these policies, including projections about the cost-effectiveness of proposed therapies.

Several studies have evaluated the cost-effectiveness of PrEP interventions in different geographic locations and target populations (2–4). These studies
consider a number of variables, including the clinical e�cacy of the intervention, cost of the medication and associated sexual health services, local HIV
incidence and prevalence among speci�c populations, and sexual behaviour associated with the risk of acquiring HIV, including condom-less sex (CLS).

The use of these variables have differed signi�cantly across studies, leading to differing outcomes in the projected cost-effectiveness of PrEP implementation
and scale-up. To improve cost-effectiveness studies, there is a need to strengthen the consideration given to evidence that underlies key variables related to
PrEP implementation and scale-up among target populations, as Hoornenborg and colleagues (5) have observed. To accurately inform HIV prevention efforts,
the careful use of variables in cost-effectiveness models must be ensured. Transparency and re�exivity in reporting the sources of assumptions about
behaviour change are necessary to guide users’ interpretations of the inherently hypothetical nature of models.

Men who have sex with men (MSM) are the most at risk of acquiring HIV in the UK (6) and the largest group of people living with HIV in the USA (7).

Cost-effectiveness studies evaluating PrEP implementation and scale-up among MSM have been challenged by limitations in evidence to substantiate
hypotheses about PrEP-driven ‘risk compensation’ on the part of MSM included in the models (5). Since the introduction of PrEP in the US in 2012 and the UK
(as part of the IMPACT trial in 2017)(8), discussions about the potential for ‘risk compensation’ have been speculative, and much evidence about risk
compensation has been based on research about the acceptability of PrEP and perceptions about its potential effects among MSM. This research has been
limited because it was conducted with men who had not taken PrEP themselves and were thus discussing their potential future behaviours linked to a newly
introduced therapeutic technology, rather than recounting their experiences as users (9–11). More recently, this evidence has been improved quantitatively and
qualitatively through survey and interview-based research with MSM enrolled in PrEP care or using PrEP through different means [authors’ own]. While some
MSM enrolled in PrEP care have reported more CLS since starting to use PrEP, results from clinical studies have reported no changes in CLS among PrEP users
(12).

Related analyses have monitored STI incidence as a proxy measure for risk compensation linked to PrEP (12–17). These studies have also generated mixed
results and faced signi�cant limitations. Speci�cally, studies utilizing sexually transmitted infections (STI) incidence as a proxy measure for risk
compensation have been limited by an ascertainment bias since MSM enrolled in PrEP care may get tested for STIs more frequently than they would
otherwise. Therefore, while STI incidence among MSM enrolled in PrEP care may be observed, increased incidence is not on its own a perfect proxy measure
for risk compensation. Although the implications of increased screening and diagnosis remain understudied, recent modelling studies that consider regular
STI screening required for MSM in PrEP care have shown that PrEP implementation and scale-up are most likely to be associated with greater control of STIs,
even if PrEP users choose to stop using condoms (18, 19). Thus studies of increased STI incidence may equally be demonstrating that PrEP implementation
has the potential to contribute to additional positive health outcomes.
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Such degrees of uncertainty in the evidence may result in a wide range of variables being used in cost-effectiveness studies evaluating PrEP implementation
and scale-up among target groups. These would include variables that simulate different scenarios of PrEP-related behaviour change among MSM, and with
their use changing over time as the evidence is re�ned. There is limited research to-date that has evaluated the ways this often very partial evidence has been
used, speci�cally in cost-effectiveness models. Moreover, to our knowledge, no research has so far traced the use of evidence about PrEP-related behaviour
change deployed in cost-effectiveness studies, and its effects. We begin to address the need for such an approach in this exploratory review.

Methods
As part of two linked anthropological studies of PrEP in the UK and the United States [authors’ own], we began to observe the literature on cost-effectiveness
relevant to our observation of public health discussions in each of our sites. As interesting patterns emerged with regards to assumptions and speculations of
sexual risk behaviour in the cost-effectiveness models, we conducted a framework synthesis of the literature on cost-effectiveness for oral PrEP among MSM
in the US and UK between 2009 and 2021, reported here. For this synthesis, we reviewed how different behavioural ‘risk’ variables were used in the included
studies and we limited the analysis to include only studies evaluating daily PrEP use among (only) MSM in US and UK both for pragmatic reasons and to
maintain relative consistency within the de�ned target group.

The initial key word query was �rst carried out in PubMed in September 2019, and subsequently updated in August 2021, and included terms such as: HIV pre-
exposure prophylaxis, cost-effectiveness, and men who have sex with men. This search yielded 133 results (after the removal of duplicates). We excluded
studies that were: non/applicable (not on PrEP or HIV prevention) (=20); not on cost-effectiveness (=11); not focused on MSM (=20); not in UK or US (=45);
reviews on PrEP with only minimal info on cost-effectiveness (=11); or study protocols (=3).

Based on the exclusion criteria, we identi�ed 17 studies of the cost-effectiveness of PrEP among MSM in US and UK, and 9 reviews of PrEP cost-effectiveness
studies that discussed variables relevant to PrEP implementation and scale-up among MSM. After discussion between all authors 4 of the studies were
excluded due to incomplete information presented.

To analyse the 13 cost-effectiveness models and 9 reviews, we utilized framework synthesis, a form of qualitative literature synthesis generally conducted to
respond to speci�c policy questions through a combination of deductive and inductive reasoning, with a focus on concepts that are de�ned a priori, and
re�ned through iterative synthesis (20). We approached original cost-effectiveness studies as texts we could read as qualitative data. First, we used the 9
reviews (Table I) to contextualise the 13 cost-effectiveness studies and to inform the types of questions we asked of the data, including to assess how
evidence about PrEP-related behaviour change has been evaluated over the given time period.

[insert Table 1 here]

Secondly, we analysed how risk variables were used in the 13 cost-effectiveness studies, focusing on measures of behaviour change after the introduction of
PrEP. We then traced the assumptions about behaviour change in the cost-effectiveness studies to the evidence offered in support, read this and noted what it
suggested relative to how it was interpreted in the cost-effectiveness studies. We also noted any instances where no evidence was made available and where
no reason was given for exclusion or inclusion of behaviour change variables.

This was an exploratory approach to cost-effectiveness studies that aimed to analyse modelling papers qualitatively, drawing from themes regarding changes
in risk behaviours hypothesised in the literature that we initially identi�ed through reading the 9 review articles. Although it was conducted rigorously, it was
not a comprehensive review of all possible cost-effectiveness studies, but rather a focused synthesis ‘to clarify and gain insight’ (21) into the broader issue of
forecasting of sexual behaviour change in economic studies and the uses of evidence in this process.

Findings
Behavioural risk variables in the models consisted of baseline behaviour measures and behaviour change measures. The �rst varied by location but were well
evidenced. For the behaviour change set of variables we found, �rstly, that the direction of the estimate varied (risk increase, decrease, or no change); and,
secondly, that the use of the evidence-base for the change scenarios also varied depending on whether increased or decreased risk scenarios were assumed.
We describe these �ndings in turn.

Baseline risk measures
Baseline risk measures differed slightly by geographic location, and were directly linked to evidence from trials relevant to each location and informed by
national clinical guidelines. For example, in US studies, behavioural risk measures for PrEP eligibility were associated with clinical trial data from the American
iPrEx trial (13) and guidelines from the US Centres for Disease Control and Prevention (22). In the UK studies, behavioural risk measures for PrEP eligibility
were associated with clinical trial data from the English PROUD trial (23) and guidelines from the British HIV Association (24). Since the trials were designed to
test ‘real world’ interventions, eligibility criteria with regards to risk were drawn, in each site, from: the national epidemiological picture; available surveillance
data (e.g., frequency and recency of testing); and participants self-reporting of sexual risk during the respective trials recruitment, leading to different choices
of measures.

Behaviour change assumptions
Assumptions concerning PrEP-related behaviour change varied greatly across the 13 cost-effectiveness studies (Table II): just under half of the studies (= 6)
did not include assumptions about behaviour change, 4 hypothesised increased risk behaviour, 2 hypothesised decreased risk behaviour, and 1 included a
range of possible effects, including increased risk behaviour, decreased risk behaviour, and no effect on risk behaviour. Of the 6 that did not include PrEP-
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related behaviour change, 2 provided a justi�cation for not including this assumption in the model, and the remaining studies 4 either did not address the
inclusion of behaviour change as a relevant factor or only included ‘no behavioural change’ in a base scenario, not in an estimate associated with PrEP
implementation.

[Insert table II here]

Uses of evidence
Variations in assumptions of behaviour change and their inclusion in studies were linked to different uses of evidence.

In studies where it was acknowledged that assumptions about PrEP-related behaviour change were not included, authors mentioned other several possible
clinical, behavioural and social variables also not included in the analysis. For example, Kessler et al int heir study explain:

"There are critical elements relating to the norms of people of various sexual identities and behavioural patterns, including differential condom use with casual
partners, serosortive and seroadaptive practices, and alterations in risk behaviour as a result of HIV awareness, that are not explicitly accounted for in our
computer simulation due to inherent choices and trade-offs made between model complexity and transparency” (25).

These authors also acknowledged that, “Many of these elements may act to reduce individual level risk for HIV acquisition” (Ibid), thus it would be challenging
to isolate the effect of PrEP use itself, given such a range of possible variables. Furthermore, it would be di�cult to determine if PrEP use in�uenced any
related element of risk reduction, so assuming PrEP had such effects may even “overestimate the actual health bene�ts of PrEP" (Ibid).

In a second article that acknowledged not including assumptions about PrEP-related behaviour change, authors explained the “analysis does not explicitly
account for many complexities of HIV transmission and treatment, including effects of PrEP use on treatment resistance, correlations between sexual risk
behaviour and treatment outcomes" (26).

In studies with assumptions of increased risk behaviour associated with PrEP, authors related to available evidence in three ways. Firstly, they inferred
quantitative estimates from qualitative studies about perceptions of likely behaviours among potential PrEP users, some of whom reported behaviour change
was possible. For example, a study about the cost-effectiveness of PrEP in the US (27) based assumptions of increased risk behaviours associated with PrEP
on three qualitative studies conducted before PrEP was approved by the FDA: one conducted from 2007 to 2009 (28); a second conducted in 2009 (29); and a
third completed in 2011 (30). These studies solicited preferences and perceptions among men who have sex with men in New York, couples in San Francisco,
and African-American men in Atlanta. In these studies, investigators found 10% of men were concerned that PrEP could lead to behaviour change (30),
however “participants differed about whether risk-reduction behaviours would change, and in which direction” following the introduction of PrEP (29). Based
on these �ndings, the authors of the cost-effectiveness study represented behavioural disinhibition in three ways, including: “15% decrease in condom use,
15% increase in sexual encounters, and resulting 15% increase in STI prevalence among those taking PrEP” (27).

Secondly, authors grouped assumptions about behaviour compensation with estimates of lower adherence. As a result, behavioural disinhibition was unduly
associated with reductions in clinical e�cacy. For example, the authors suggested, “some individuals on PrEP may engage in behavioural disinhibition (be
willing to adopt riskier sexual behaviour as a result taking PrEP), and adherence to a daily preventive regimen may vary widely, leading to different levels of
clinical effectiveness"(27). The authors associated both “riskier sexual behaviour” and variable adherence with decreases in clinical e�cacy: "PrEP e�cacy
decreased from 44–28%, thus increasing the number needed to treat to 97 (95% UR: 46 to 222)." (27): Page 4).

Thirdly, studies projecting increased risk associated with PrEP use cited evidence of increased STI diagnoses. Two studies presented a con�icting picture with
one reporting that whilst STI rates were high, the increase was not necessarily linked with PrEP use, with the other concluding that increased STI incidence was
attributable to risk compensation when taking PrEP: ‘30% of patients were diagnosed with a STI after 6 months and 50% after 12 months on PrEP…..there were
no incidences of accompanying HIV infection’ (31). Another used the increase in STIs to justify estimates of increased HIV incidence over the lifetime of PrEP
users, whether or not they continued to use PrEP. For example, one study assumed “Risk compensation would also lead to an increase in HIV exposure” and
resulting 20% increase in HIV incidence (32). To justify this assumption, the authors wrote, “published evidence suggests increased frequency of anal CLS
subsequent to PrEP use and increased STI diagnoses” (32, 33). While the evidence cited in this instance does show moderate increases in STIs over time, the
same cited evidence also clearly observes, “no HIV seroconversions occurred during PrEP use" (23), and does not provide data to suggest that PrEP-related risk
compensation will lead to 20% increase in HIV incidence over lifetime of those given PrEP.

In studies with scenarios of decreased risk behaviour associated with PrEP, authors leveraged evidence in two key ways. In the �rst instance, the authors
referred to previous research about risk reduction associated with related elements of HIV care and prevention, including counselling associated with HIV
testing, knowledge of one’s own HIV status and treatment as prevention (TASP) (34–36). For example, one study citing this evidence observed, “Providing
counselling with HIV testing has been found to reduce risky sexual behaviour; thus, we assumed a 20% reduction in risky behaviour for both infected and
uninfected persons after HIV screening” (37). In the second instance, studies cited literature that argues for the importance of reducing risk behaviour in order
to improve the cost-effectiveness of HIV care, not empirical studies that demonstrate reduced risk behaviour. In one such study citing this literature, authors
also assumed, “20% reduction in risky sexual behaviour owing to testing and counselling associated with PrEP” (38).

The single study that assumed a wide range of possible effects on user behaviour reasoned there was the potential for behavioural disinhibition, as evidenced
by research about previous risk reduction methods (39) however the authors also recognized the “issue remains to be resolved empirically for the particular
case of PrEP,” thus they “considered a broad range of behavioural assumptions”(40).

Across all studies, whether assuming increased risk behaviour, decreased risk behaviour or no change in behaviour associated with PrEP use, authors made
use of available evidence for different ends, referring to different resources, at times incomplete. In some cases, the particular use of evidence had signi�cant
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effects on cost-effectiveness results. For example, when authors constructed a scenario that grouped behavioural disinhibition with lower adherence and thus
suggested both would be associated with a reduction in the clinical effectiveness of daily PrEP, they lowered the relative risk reduction of the intervention from
44–28%, elevated the projected number needed to treat (NTT): from 64 [26-176] to 97 [46-222], and raised the cost per quality-adjusted life-years gained from
$160,000 to $320,000 ((27): table II).

Discussion
Considering the ongoing implementation and scale-up of oral PrEP in the US, UK and many other locations, it is important to improve cost-effectiveness
studies, including by re�ning the use of behavioural risk variables. As shown, the inclusion of estimates of ‘risk compensation’ in the cost-effectiveness studies
reviewed would bene�t from more re�exivity and contextualization, which we would argue are even more needed where there is limited evidence available to
hypothesize either scenario.

Since studies about PrEP implementation and its effects are relatively nascent, variation in the use of evidence is generally expected as researchers construct
a variety of hypotheses from a limited pool of data to respond to implementation questions. To the same effect, since the evidence base is growing through
ongoing studies, we expect future cost-effectiveness models will have more robust data, in particular about STI control.

We recognize the intention of modelling. Much of the work of estimation in modelling is done to demonstrate potential effects. Within the models, some
authors state they are constructing hypothetical scenarios. Some also acknowledge their assumptions are not or would not be based on published evidence
precisely because they are speculations on novel interventions yet to be implemented. Attempting to calculate the cost of ‘risk compensation’ and changes in
CLS is thus part of understanding the future of PrEP provision. PrEP is a technology developed to address the prevention needs of those who do not or cannot
use condoms, and anticipating changes in condom use for PrEP users is as important as it is challenging.

However, the lack, or limits, of the evidence base for behavioural risk variables – such as identi�ed in this review - need to be made transparent. Such
categories have signi�cant impact on the overall outcome of the studies, and cost-effectiveness studies may be read and interpreted with varying degrees of
caution and beyond their original use. In the process of reporting �ndings then translating them into policy to inform implementation, such estimations could
inadvertently contribute to the construction of apparent empirical evidence about the cost-effectiveness of PrEP and about PrEP users. In other words,
evidence is not only translated but also ‘transformed’ in the process of its use in practice (41).

Our analysis has found that cost-effectiveness models include evidence-based and non-evidence-based information, which may at times be presented in ways
that do not accurately guide interpretation. For example, when authors infer quantitative estimates from qualitative evidence about participants’ views about
hypothetical effects of PrEP on risk behaviour, claims that may be indicative, but are nonetheless largely abstract, are presented as possible and measurable.
Such scenarios, speculative in nature, may appear factual and become �xed (41) by the time models reach other readers, such as policymakers,
commissioners, the media and wider public.

Through the process of interpreting evidence to inform implementation, perceptions about the potential effects of PrEP could be rendered into empirical
realities, and embedded within scienti�c, public and political discourse. Increased re�exivity in cost-effectiveness studies, particularly with regards to the
uncertainty of variables concerning user or patient behaviour, is necessary to aid what is an already complex policy cycle in the context of PrEP
implementation.

This study is limited in so far as it is based on a small selection of models from two countries and for one target population of MSM. As PrEP efforts are
expanding globally (42) and across populations, the literature on cost effectiveness from other countries may prove insightful with regards to addressing the
degree of speculation in the models. Further claims about PrEP cost-effectiveness models would also need to address different designs of the models, choice
of data input, sensitivity analysis, and levels of complexity, among other factors beyond the scope of the analysis presented here.

Conclusion
We found that cost-effectiveness models include a range of assumptions about risk behaviour, including increased and decreased risk associated with PrEP
use, and the variability of assumptions has been linked to limitations in and different uses of the evidence base. The degree of speculation, uncertainty and
potential contestation with regards to the relationship with available evidence need to be made transparent to aid accurate and moderate interpretation of
modelled scenarios. While there will continue to be gaps in evidence, as PrEP implementation and scale-up continue including among populations and across
geographies where less is known about risk behaviour, it will be increasingly important to ensure evidence is used appropriately and consistently in order to
guide the effective use of novel methods to prevent HIV.
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Tables
Table I: Reviews of cost-effectiveness studies for PrEP among MSM
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Authors title setting

Cambiano et al
2016

What do we know about the cost-effectiveness of HIV preexposure prophylaxis, and is it affordable? Worldwide

Desai et al 2017 Recent advances in pre-exposure prophylaxis for HIV Worldwide

Garnett et al 2017 Cost-Effectiveness of Interventions to Prevent HIV Acquisition Worldwide

Gomez et al 2013 The cost and impact of scaling up pre-exposure prophylaxis for HIV prevention: a systematic review of cost-
effectiveness modelling studies

US, UK

Hankins et al 2015 Translating PrEP effectiveness into public health impact: key considerations for decision-makers on cost-
effectiveness, price, regulatory issues, distributive justice and advocacy for access

UK

Hoornenborg et al
2017

Pre-exposure prophylaxis for MSM and transgender persons in early adopting countries US, UK

Mitchell et al 2018 In what circumstances could nondaily preexposure prophylaxis for HIV substantially reduce program costs? UK

Schackman and
Eggman 2012

Cost-effectiveness of pre-exposure prophylaxis for HIV:  a review Worldwide

Adams et al 2019 Review of real-world implementation data on emtricitabine-tenofovir disoproxil fumarate as HIV pre-exposure
prophylaxis in the United States

USA

 

Table II: Behaviour change assumptions in cost-effectiveness studies for PrEP among MSM in the UK and US

Authors Setting Behaviour change

Juusola et al 2012 US decreased risk behaviour

Drabo et al 2016 US decreased risk behaviour

Chen and Dowdy 2014 US increased risk behaviour, condom-less sex

Cambiano et al 2018 UK increased risk behaviour, condom-less sex

Ong et al 2017 UK increased risk behaviour, lifetime

Koppenhaver et al 2011 US none

Kessler et al 2014 US none

Juusolaand Brandeau 2016 US none

Ross et al 2016 US none

Adamson et al2017 US none

Shen et al 2018 US none

Paltiel et al2009 US range: increased, decreased, and no effect

Adams et al 2019 US Increased risk behaviour, increase in STI incidence

 


