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Background: Given the effectiveness of pre-exposure prophylaxis (PrEP), the HIV prevention landscape is
expanding rapidly — including recently approved injectable options which have shown high efficacy in
clinical trials. As head-to-head trials of injectable PrEPs are not feasible, indirect treatment comparisons
(ITCs) are of value to generate comparative estimates of efficacy and safety. However, several
methodological challenges must be carefully considered when conducting these ITCs. This review outlines
these complexities to support informed decision-making. Main text: We identified methodological
considerations through a narrative review of available literature (including leveraging published
systematic reviews), evidence from PrEP trials and, where applicable, reference to methodological
guidelines. Our review suggests treatment effect modifiers (TEMs) for PrEP are poorly defined in the
HIV PrEP literature and, due to the high efficacy of injectable compared with oral PrEP, encompass
potential prognostic factors (such as background HIV incidence). Challenges in comparing potential
TEMs across trials were also noted due to, for example, differences in measurement methodology and
reporting timepoint for adherence. Accounting for variation in follow-up across studies within potential
ITCs is critical as HIV acquisition is a rare, time-dependent event. Additionally, zero or few events occur
within injectable PrEP trials in HIV, challenging variance estimation and necessitating alternative statistical
approaches. Population-adjustment methods are similarly complicated. Conclusions: This review outlines
key considerations and offers practical recommendations to inform robust conduct of ITCs of PrEP, and
support the interpretation of results. Areas of further research to strengthen future comparative evidence
are also highlighted.
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Background

Each year, over 1.3 million new HIV cases occur worldwide [1]. While antiretroviral therapy (ART) may reduce
HIV viral load to undetectable levels — which limits HIV replication, strengthens the immune system, and lowers
the risk of transmission — there is no cure for HIV [2]. Accordingly, the development of preventative interventions
remains a core priority alongside public education, routine screening, timely treatment and continued research
towards a cure. In addition to promotion of safer behaviors among individuals at risk (e.g., consistent condom
use and access to sterile injection equipment), primary biomedical prevention consists of pre-exposure prophylaxis
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(PrEP) regimens: ART taken by HIV-negative individuals at ongoing risk of HIV infection. Recent expansion in
access to, and uptake of, oral and injectable PrEP has increased opportunities for effective prevention and may
contribute to reducing the global burden of HIV (3].

Current forms of PrEP include (but are not limited to) daily oral options such as emtricitabine/tenofovir
disoproxil fumarate (F/TDF) and emtricitabine/tenofovir alafenamide (F/TAF), which are highly effective if taken
as prescribed (4. However, adherence to oral PrEP is often suboptimal: in a retrospective study of approximately
23,000 oral PrEP users, four patterns (% of participants) were observed — minimal use (10.5%), rapidly declining
use (25.4%), gradually declining use (24.3%) and consistently high use (39.8%) (51. A dapivirine-containing
vaginal ring has already been studied as a non-oral PrEP option. In randomized trials, it reduced HIV-1 acquisition
among women when adherence was adequate, supporting its viability as an additional PrEP method [6]. Recently,
two long-acting injectable PrEP regimens were approved by the US Food & Drug Administration and European
Medicines Agency: cabotegravir (CAB), administered every two months, and twice-yearly lenacapavir (LEN) [7-10].
Prior to approval, these long-acting injectables demonstrated superior efficacy compared to oral PrEP in their
respective Phase III randomized controlled trials (RCTs). Specifically, LEN was statistically superior to F/TDF in
reducing HIV incidence in PURPOSE 1 (incidence rate ratio [95% confidence interval (CI)]: 0.00 [0.00, 0.10])
and PURPOSE 2 (0.11 [0.02, 0.51]) (11,12]. Likewise, CAB was statistically superior to F/TDF in reducing the
risk of HIV acquisition in HPTN 083 (hazard ratio [95% CI]: 0.34 [0.18, 0.62]) and HPTN 084 (0.12 [0.05,
0.31]) 113,141

Given the remarkable efficacy of injectable PrED, and the potential for PrEP to substantially reduce the worldwide
burden of HIV, the prevention landscape is rapidly expanding with several next-generation injectable, oral, and
alternative interventions in development. For example, new formulations of long-acting injectable CAB (CAB
400 mg/ml; every 4 months) and LEN (LEN 3000 mg; once-yearly) are currently under clinical investigation
(NCT06741397; NCT07047716) [15-17]. Additionally, an injectable broadly neutralizing antibody combination,
CAP256V2LS and VRC07-523LS, administered at twice-yearly intervals is currently being evaluated for PrEP in
South African and Zambian women (PACTR202112683307570) (15,18]. In terms of oral agents in development, a
once-monthly oral nucleoside reverse transcription translocation inhibitor, MK-8527, is currently being evaluated
in two Phase III clinical trials (NCT07044297; NCT07071623) as an alternative to once-daily options [15,19].
Beyond oral and injectable agents under investigation, prevention options with differing modes of delivery —
including implants, patches and rectal douches — are also being evaluated [15,20]. Collectively, these innovations
illustrate an increasingly diverse and complex landscape for PrEP. As the number of available options grows, robust
comparative evidence on the efficacy and safety will be valuable to support informed decision-making processes.

Currently, head-to-head trials of long-acting injectable PrEP have not been conducted, and future head-to-head
trials evaluating efficacy as the primary end point are unlikely as the high efficacy of these interventions makes
superiority or non-inferiority trials difficult or logistically impractical. In the absence of head-to-head trials of long-
acting injectable PrEP, indirect treatment comparisons (ITCs) are necessary to estimate the relative effects between
different interventions. In prevention landscapes with multiple available options, ITCs may be a requirement for
national health technology assessment (HTA) submissions to demonstrate clinical effectiveness relative to existing
options [21,22]. To date, publicly available ITCs relating to injectable PrEP for HIV are limited to one comparing
long-acting CAB with no PrEP and a second comparing LEN with CAB [23-25] .

There are several methodological challenges that must be carefully considered when conducting ITCs of PrEP.
In recent trials (PURPOSE 1, 2 and HPTN 083, 084), HIV infections and discontinuations among participants
receiving long-acting injectable PrEP have been relatively rare [11-14]. Low event rates reduce the precision of
ITCs and complicate standard evidence synthesis methods because rare, time-dependent outcomes lead to unstable
estimates that are sensitive to modelling assumptions and cross-trial heterogeneity [26,27]. Further, zero events were
observed for HIV infections in PURPOSE 1, which complicates, or can preclude, standard variance calculation
methods in ITCs. In addition, although literature is available on the prognostic impact of variables such as
background HIV incidence and adherence to daily oral PrEP (28-31], there is limited information on variables that
may modify relative differences between interventions in the context of an indirect comparison. Such features
associated with the nature of HIV and the current evidence base challenge traditional analytical assumptions and
further complicate indirect evidence generation (NB. Although PrEP is not ‘treatment’ we use the term “TEM’ for
consistency with ITC terminology.).

In response to the anticipated need for indirect evidence and the associated challenges, this review outlines
key considerations for conducting ITCs of PrEP for HIV. By clearly identifying methodological and practical
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Figure 1. lllustration of Bucher indirect treatment comparison and network meta-analysis methodology.

(A) Intervention A represents the common comparator across the pairwise comparison, Intervention B represents the
investigational intervention of interest and Intervention C represents the comparator of interest; (B) Intervention A
represents the common comparator, while each of the other letter nodes represents an intervention of interest in the
network. The size of each node represents the total sample size for each intervention, and the edge thickness
indicates how many trials report on a specific comparison within the network. Indirect comparisons can be made for
each treatment pair which shared a common comparator (for example, B vs E via A).

challenges, we aim to support epidemiologists, statisticians, clinicians, and decision-makers in generating and
interpreting indirect evidence for clinical comparisons, HTA, and broader PrEP access.

Main text
In this section, we provide an overview of methodological challenges in conducting ITCs in the context of PrEP.
First, we define treatment effect modifiers (TEMs), explain how they differ from prognostic factors, and summarize
TEMs for PrEP identified in the literature [1. We then describe how the nature of these TEMs creates specific
challenges for ITCs and outline additional considerations, including between-trial differences in follow-up time,
low or zero event counts, and challenges surrounding population adjustment.

Key considerations were identified through a narrative review of available literature including leveraging published
systematic reviews, evidence from PrEP trials and, where applicable, reference to methodological guidelines.

What are treatment effect modifiers and why are they important?
TEMs are variables that influence relative treatment effects. Unadjusted ITCs between two trials that share a
common comparator (e.g., placebo or standard-of-care arm) are valid only if the trials are similar with respect
to TEMs. When TEMs are similarly distributed across studies, a Bucher ITC can be conducted (Figure 1A) [32).
Network meta-analysis (NMA) methodology extends comparisons made in pairwise Bucher ITCs to a wider
network of connected interventions (Figure 1B). Importantly, the reliability of Bucher ITCs and NMAs depends
on the included trials being sufficiently similar with respect to TEMs. If there is a lack of similarity, relative
differences in estimated treatment effects may be due to differences in characteristics considered to be TEMs
across studies, rather than one intervention performing better or worse than another. Additionally, between-study
imbalance in TEMs may be associated with differences in common comparator efficacy. If the control-arm outcome
differs between studies (because TEMs differ), then the observed treatment—control contrasts may not be estimating
the same underlying relative effect. Indirectly comparing these within-study contrasts may introduce bias as part of
the difference reflects variation in control-arm performance driven by TEMs, not true differences between active
treatments. Therefore, it is crucial that TEMs are identified and well-balanced across studies [33,34]. However, given
the complex nature of TEMs for PrED, these variables have not been well-defined. If left unbalanced, unadjusted
comparisons may under- or overestimate the relative benefit of an intervention.

Figure 2 provides a hypothetical illustration of differences between study participant characteristics that are
identified as TEMs, prognostic factors, or neither. TEMs are different from prognostic variables, which influence
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Figure 2. Hypothetical examples of the differences between treatment effect modifiers and prognostic variables.
The above hypothetical example plots consider a simplified linear relationship between variables for illustrative
purposes.

HbA1c: Glycated hemoglobin; HIV: Human immunodeficiency virus; PrEP: Pre-exposure prophylaxis; TEM: Treatment
effect modifier.

the absolute response in the same way across interventions. TEMs are specific to a disease area and are identified
through consultation of relevant scientific literature, acquisition of clinical opinion, statistical investigation or
any combination of these [33,35]. Figure 2 presents three hypothetical examples of the relationship between HIV
incidence and varying participant characteristics in users of injectable or oral PrEP. In each of the three plots, the
characteristic on the x-axis is either a TEM, a prognostic factor, or neither. For example, HIV incidence in users of
injectable PrEP, relative to users of oral PrED, varies with oral adherence — that is, oral adherence is effect-modifying.
HIV incidence may vary with age for both injectable and oral PrEP users, but the effect of injectable PrEP relative
to oral PrEP is always the same, suggesting that age is prognostic but not effect-modifying (in this hypothetical
example). Where a characteristic is neither a TEM nor prognostic variable, HIV incidence will not vary for injectable
PrEP nor oral PrED, such as the percent of glycated hemoglobin (HbAIc) in Figure 2.

Treatment effect modifiers for PrEP options in HIV
Available literature

There are several considerations specific to TEMs for preventative options in HIV which pose particular challenges
for conducting ITCs in this setting. Notably, there is reasonably limited literature on potential TEMs for HIV
acquisition. As such, while we present empirical evidence based on the limited available literature below, we also
explored candidate TEMs on theoretical grounds (in particular, background HIV). An overview of the status of
characteristics as potential TEMs and available evidence is provided in Table 1.

Although one should be cautious in interpreting subgroup results, HPTN and PURPOSE subgroup results
indicate that race/ethnicity, country/region, and adherence to oral PrEP were potentially effect-modifying [11-
13]. Additionally, a recent ITC of injectable PrEP options considered background HIV risk (the expected HIV
incidence rate within the enrolled population in the absence of PrEP) and oral adherence as effect-modifying (24,25].
It should be noted that identification of TEM characteristics such as race/ethnicity and country/region likely
reflect differences in background HIV incidence among certain populations and locations, rather than inherent
differences in efficacy based on demographics or location.

In the following section, we explore how TEMs for HIV incidence are further complicated by the high efficacy
of injectable compared with oral PrEP. We hypothesize that factors that influence risk at the individual level
(e.g., adherence to oral PrEP [4]) or population level (e.g., region or population eligibility criteria) may differentially
modify the effectiveness of oral versus injectable PrEP.
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Table 1. Status o
Characteristic

Adherence to oral PrEP

Race/ethnicity

Country/region

Age

Sex/gender

Education level

Alcohol use

Use of substances other than alcohol
Background HIV

racteristics as TEMs.

Status
Potential TEM

Potential TEM

Risk factor for oral PrEP adherence
Potential TEM

Risk factor for oral PrEP adherence
Risk factor for oral PrEP adherence
Risk factor for oral PrEP adherence
Risk factor for oral PrEP adherence
Risk factor for oral PrEP adherence
Risk factor for oral PrEP adherence

Prognostic factor; hypothesized TEM
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Evidence

o Subgroup results
o Adjusted for in a recent ITC

o Meta-regressions demonstrating the relationship between

adherence and efficacy
o Subgroup results

o Published literature

o Subgroup results

o Published literature

o Published literature

o Published literature

o Published literature

o Published literature

o Published literature

o Adjusted for in a recent ITC

o Explored on theoretical grounds

HIV: Human immunodeficiency virus; ITC: Indirect treatment comparison; PrEP: Pre-exposure prophylaxis; TEM: Treatment effect modifier.

Table 2. Adherence and efficacy of oral PrEP reported in studies identified by published systematic

literature reviews.

Study name (year) Population RR (95% Cl) of HIV acquisition F/TDF adherencef-#
Partners PrEP study continuation (2014) Heterosexual males 0.16 (0.06, 0.46) 0.81
Heterosexual females 0.34 (0.16, 0.72) 0.81
iPrEx trial (2010) MSM 0.56 (0.37, 0.85) 0.50
VOICE (2015) Females 1.04 (0.73, 1.49) 0.29
IPERGAY (2015)8 MSM 0.14 (0.02, 0.60) 0.86
TDF2 (2012) Heterosexual males 0.51(0.19, 1.22) 0.77
Heterosexual females 0.20 (0.03, 0.75) 0.77
FEM-PrEP (2012) Females 0.94 (0.59, 1.52) 0.36
PROUD (2016)1 MSM 0.14(0.04, 0.36) 0.88

The table above displays a selection of studies identified in an SLR published by Murchu et al. (2022) [4] and Hawkins et al. (2025) [23] which reported adherence
by detectable levels of plasma drug concentration. Studies which reported other measures of adherence are not captured in this table.

TProportion of plasma samples with detectable levels of tenofovir.

Values are reported as they are in Murchu et al. [4] and/or Hawkins et al. [23].

SEvent-driven F/TDF.

9F/TDF deferred for 1 year.

Cl: Confidence interval; F/TDF: Emtricitabine/tenofovir disoproxil fumarate; HIV: Human immunodeficiency virus; MSM: Men who have sex with men; PrEP:
Pre-exposure prophylaxis; RR: Relative risk; SLR: Systematic literature review.

Adberence to oral PrEP

The efficacy of oral PrEP interventions, such as F/TDE is dependent on the level of adherence, but this relationship
varies across trials (Table 2) [4,23,29-31). A number of studies have sought to quantify the adherence-efficacy
relationship by taking adherence data from studies of oral PrEP and calculating an adjusted estimate of effectiveness
based on adherence to the intervention or comparing efficacy in high- versus low-adherence groups [4,23,36].
Murchu er al. (2022) quantified the efficacy-adherence association using data from seven studies which in-
cluded oral PrEP arms via meta-regression [4]. Of note, these studies differed in the level of reported adherence
and the efficacy of oral PrEP versus placebo. The meta-regression included only trials which reported plasma
tenofovir concentrations, as laboratory measures of adherence are preferred to self-report where available. The
analysis suggested that efficacy (estimated as the rate ratio of HIV incidence for oral PrEP versus placebo) and
adherence (estimated as the proportion of participants with detectable plasma tenofovir) were strongly associ-
ated. Murchu ez 4/. estimated that a 10% decrease in adherence was associated with a 13% decrease in efficacy
on average [4]. Hawkins ez /. (2025) also included a meta-regression of eight oral PrEP studies to estimate the
log relative risk of oral PrEP versus placebo based on the level of adherence [23). While the studies used differ-
ent functional forms for their analyses, both came to the conclusion that a decrease in adherence is associated

10.57264/cer-2026-0103
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with a decrease in the comparative efficacy of oral PrEP versus placebo. Although, as adherence is often only
measured in a subgroup of participants, these analyses are likely subject to limitations, including small sample
sizes.

Given the demonstrated relationship between adherence and efficacy, when oral PrEP interventions are included
in ITCs, differences in adherence across trials would likely influence relative treatment effects. In comparisons of
injectable versus oral PrED, or indirect comparisons of injectables anchored on oral PrEP, adherence to oral PrEP
should be treated as a TEM, given that the efficacy of injectable PrEP is independent of daily pill-taking, whereas
oral PrEP efficacy is adherence-dependent [37,38]. Similarly, where oral PrEP is compared directly to placebo, or
in ITCs comparing oral interventions anchored on placebo, adherence to oral PrEP can be conceptualized as a
TEM. However, adjusting for adherence using a single summary statistic for each trial can be problematic, as
adherence can be measured using multiple methods and may be reported at multiple timepoints over the course of
a trial (39). When measurement methods and/or timepoints differ across trials being compared, this presents issues
for adjustment. Further, with the development of different dosing frequencies for oral PrEP (e.g., once-monthly or
once-yearly), adherence patterns will likely differ from once-daily PrEP.

There are several methods for quantifying adherence to oral PrED, including self-report, pill-count, medication
event monitoring systems, structured interviews and laboratory methods [4]. Due to recall and social desirability
bias, pill sharing and other considerations, lab methods such as plasma tenofovir levels and tenofovir diphosphate
(TFV-DP available for F/TAF and F/TDF) concentrations from dried-blood-spot (DBS) samples are favored over
methods such as self-reports or pill counts [40]. Plasma tenofovir concentrations are routinely measured for phar-
macokinetic analysis and studies often report this measure as an aggregate summary of oral PrEP adherence across
the course of a trial [4,23]. However, plasma tenofovir concentrations have a relatively short half-life (~15 hours),
and therefore only offer a short-term measure of adherence [41]. When used as a summary measure of adherence
across the duration of a study, or when measured at different times across trials being compared, differences
between trials being compared could lead to bias in the estimated level of adherence to oral PrEP. In contrast,
TFV-DP concentrations from DBS samples are a more durable measure of adherence to oral PrEP, given its half-life
of ~17 days, which offers a longer-term measure of adherence compared with plasma tenofovir concentrations
and therefore may be less reliant on participant behavior immediately prior to a trial visit [39,41]. Based on these
differences, when comparing adherence to oral PrEP across studies, more durable measures, such as DBS drug
concentration analyses, should be prioritized where available. Additionally, the measure of adherence and timepoint
used for comparison should align across studies, given the difference in temporal coverage exhibited by the two
measures.

Adherence to oral PrEP also fluctuates across the duration of a study. Presently, between-study comparisons of
adherence only consider summary measures, such as the proportion of samples with detectable levels of F/TDF [23].
However, it is clear from clinical trial data that there are dynamic levels of adherence with a tendency to decline
over time, high observed loss-to-follow-up, and measures reported at different timepoints across trial comparisons
(Figure 3). Therefore, it is not reasonable to assume that adherence is constant throughout follow-up and any
adjustment for differences in adherence across trials should consider these factors.

An additional challenge associated with quantifying adherence to oral PrEP is that plasma tenofovir concentrations
and DBS samples are often collected for a subgroup of participants in each trial arm, and not the entire study
population (Figure 3). In seven studies of oral PrED, plasma tenofovir concentrations were measured in subsets
of each trial population and reported estimates based on these samples provided a wide range of adherence (24—
100%) (43—49]. In the PURPOSE and HPTN trials, TFV-DP concentrations from DBS samples were measured
for a small representative subset of each population (10% for the PURPOSE trials and 17-21% for the HPTN
trials) [10-13]. While these samples are not inherently problematic, without results from the entire trial population,
assumptions of generalizability are required about the tested subset to accurately adjust for adherence to oral PrEP
in the larger arm-level population.

Given adherence is not a baseline assessment, an alternative (and less direct approach) could also be to consider
baseline risk factors which are predictive of oral adherence. Risk factors for low adherence to oral PrEP may
include age, sex/gender, education level, country/region, race/ethnicity, alcohol use, and use of substances other
than alcohol [29,30]. While direct approaches for adjustment would be favored, when measures of adherence and
timepoints measured differ across trials, adjusting for risk factors for oral adherence may be a useful alternative, but
may introduce its own challenges (e.g., lack of overlap between characteristics across trials being compared).
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Figure 4. Hypothetical example of HIV incidence for varying background HIV demonstrating potential for effect
modification.

The figure above illustrates hypothetical arm-level HIV incidence rates per 100 PY for oral or injectable PrEP users in a
low-background HIV incidence population (1.0 per 100 PY) and a high-background HIV incidence population (2.5 per
100 PY), with oral and injectable PrEP assumed to prevent 60% and 95% of HIV infections (in line with Phase Ill trial
results including both oral and injectable PrEP treatment arms) [11-14].

HIV: Human immunodeficiency virus; PrEP: Pre-exposure prophylaxis; PY: Person-years.

Background HIV incidence

Given the high efficacy of long-acting injectable PrEP options and their superior efficacy to oral PrEPs, we hypoth-
esize that background HIV incidence may function as a TEM when comparing injectable and oral interventions.
As observed HIV incidence rates have been low for injectable PrEP arms (PURPOSE and HPTN trials), the
background HIV incidence or baseline HIV acquisition risk of a given geographic region where a study was con-
ducted may have very little to no impact on risk of infection in these injectable PrEP arms — such is their observed
efficacy. However, these factors are still very likely to influence the risk of infection in participants taking oral PrEP,
given that HIV incidence is generally greater for participants on oral PrED, especially when levels of adherence are
inconsistent. Figure 4 contains a hypothetical illustration of how differences in background HIV incidence may
differentially affect HIV incidence in injectable and oral PrEP arms.

Differences in inclusion criteria, such as age, sexual behaviors (e.g. past HIV testing) or recruitment countries,
as well as factors such as study period contribute to heterogeneity between studies and are likely indicative
of differences in background HIV incidence. Additionally, further factors relating to sexual behavior may be
associated with differences in background HIV incidence at the individual level. This could include condom use,
number of sexual partners, changes in sexually-transmitted infection rates and recreational drug use [4]. Differences
in these factors across individuals, and therefore imbalances in these factors across studies, may lead to differences
in background HIV incidence and bias comparisons when left unadjusted for.

Additionally, within the literature, alternative approaches have been taken towards estimating background HIV
incidence (which, as described above, is a complex function of socio-demographic factors). In particular, in the
PURPOSE trials, background HIV incidence was estimated at screening via HIV testing and recency assays as a
prespecified primary analysis [11,12]. In contrast, due to the absence of a placebo arm in their design, predicted
underlying rates of HIV acquisition for individuals not receiving PrEP for HPTN trials were estimated via meta-
regression [23]. Such methodological differences across trials could be harmonized in the design of future trials to
enable comparison of the extent of difference in background HIV incidence. Reliable ITCs in this indication will
require similarity in background HIV across studies, which poses challenges in terms of heterogeneity of future
recruitment for clinical trials. The extent of effect modification due to differences in background HIV incidence is
uncertain and could be a source of bias in such comparisons.
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Follow-up time

Follow-up time is an important consideration for rare, time-dependent outcomes in PrEP trials (e.g., HIV in-
cidence), as event counts are meaningful relative to the time participants were at risk. In clinical trials, total
person-time for a given treatment arm is calculated by summing each participant’s time from randomization (or
first dose) to the earliest of infection, withdrawal/loss to follow-up, death, or study end. For example, if five
participants contribute 0.9, 1.1, 1.0, 1.2 and 0.8 years, the total is 5.0 person-years (PY).

Comparable follow-up duration across trials is an important consideration for robust ITCs in an epidemiological
context. Given the rarity of HIV acquisition in PrEP trials, accounting for differences in follow-up across studies
is critical for producing reliable relative effect estimates. In particular, where exposure times vary, measures that
explicitly incorporate event counts per unit of person-time, such as the incidence rate ratio (IRR) and incidence
rate difference (IRD), provide relative treatment effect estimates that are less sensitive to unequal follow-up or
differences in person-time between studies. Another common effect measure in PrEP trials is the hazard ratio
(HR). Although HRs describe the relative instantaneous hazard rate, in the absence of proportionality of hazards
when comparing across studies, they do not account for unequal person-time at risk or differences in follow-up
duration.

As the IRR is a ratio-based measure, it describes how much higher (IRR > 1) or lower (IRR < 1) the incidence
rate is in the intervention group relative to the reference (control) group. The IRD, on the other hand, describes
the absolute difference in incidence rates between the intervention and reference groups, where negative values
(IRD < 0) indicate lower incidence rates in the intervention group and positive (IRD > 0) higher rates [26,50].
These differences between the effect measures are particularly important within an ITC setting where the event
count in the comparator arm may differ. A comparison of ratios based on differing absolute risk in the common
comparator arm may result in the apparent treatment effect shifting, requiring caution in the interpretation of
results. For example, if incidence rates in the common comparator arm across two studies were 25 events per 100
PY and 10 events per 100 PY, with the active intervention resulting in an absolute reduction of 5 events within both
studies, the IRRs would be 0.8 and 0.5, respectively. Therefore, due to differences in incidence across common
comparator arms, in contrast to the IRDs (which in this example would both produce a point estimate of -0.05)
an ITC of IRRs would suggest differences in effectiveness across studies in terms of the point estimate. While
both measures are equally valid, given the inherent differences in the way that the IRR and IRD express treatment
effectiveness, it is the duty of the researcher to determine whether it is of clinical relevance to select relative or
absolute treatment effects as the primary effect measure [26]. Within the context of HIV, the rare nature of the
outcome means particular consideration should be given to the clinical importance of absolute differences in event
counts. The ratio of the incidence rates (the IRR ITC estimate) will be more sensitive to changes of just one or two
additional events (which may give the impression of inflated differences) than absolute differences (the IRD ITC
estimate). In general, the selected effect measure should be presented alongside the incidence rates observed within
the intervention and reference arms.

Regardless of the measure being presented, length of follow-up time must be similar between studies for such
indirect comparisons to be considered feasible. For example, the Partners PrEP study (Baeten ez al. 2012) was
conducted in a population of heterosexual men and women with an ART-naive HIV-infected partner in Kenya and
Uganda. The median (interquartile range [IQR]) follow-up of the primary data-cut for the study was 23 (16-28)
months. In the TDF and F/TDF arms of the study, the incidence rates of HIV infection were 0.65 and 0.50 cases
per 100 PY, respectively [43]. In 2014, a follow-up to the Partners PrEP study was published (Baeten ez al. 2014),
where the median (IQR) follow-up was 35.9 (30-36) months. In the TDF arm, the incidence rate increased to
0.71, while in the F/TDF arm, the incidence rate remained similar at 0.48 cases per 100 PY (42). While more
stable in the F/TDF arm of the study, the increased incidence rate in the TDF arm demonstrates the potential
for differences in incidence with variable follow-up duration. Differences in efficacy may further be modulated by
differences in adherence to oral PrEP or background HIV incidence, which may compound the effect introduced
by differences in follow-up.

In the context of ITCs of oral and injectable PrED, reliable analyses will need to closely consider follow-up,
given the observed differences across trials and the differences in cumulative incidence between oral and injectable
interventions. For time-dependent rare events, such as HIV incidence, longer follow-up inherently accrues more
person-time at risk, allowing additional events that shorter trials may not capture. In an ITC of two such trials,
the between-study estimate can be driven by differences in observed event rates that reflect unequal time at risk
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Figure 5. Cumulative incidence in trials of injectable and oral pre-exposure prophylaxis.
Plot produced based on data from HPTN 084 and HPTN 083 [13,14].
F/TDF: Emtricitabine/tenofovir disoproxil fumarate; HIV: Human immunodeficiency virus.

rather than true differences in relative effectiveness. For example, in HPTN 084, the cumulative incidence of the
cabotegravir arm at one year was approximately 0.002, while that of the F/TDF arm was approximately 0.016. At
two years, the cumulative incidence of cabotegravir was approximately 0.003 and F/TDF approximately 0.057.
And at almost three years, approximately 0.003 and 0.072. As demonstrated in Figure 5, the cumulative incidence
curve for oral PrEP is steeper than for injectable PrEP [14]. Similar trends were seen in HPTN 083, with one-year,
two-year and three-year cumulative incidence rates for cabotegravir and F/TDF, respectively, approximately: 0.004
and 0.012, 0.007 and 0.025, and 0.009 and 0.056 13 (Figure 5).

Zero or close to zero events and population adjustment

In an ITC or NMA, when the outcome of interest is very rare, it may be difficult or impossible to robustly capture
the effect and uncertainty of a treatment or comparison [27,51]. For example, due to the high efficacy of injectable
PrEP, low event counts were observed, with 0, 2, 4 and 13 HIV infections across PURPOSE 1, PURPOSE 2,
HPTN 084 and HPTN 083, respectively [10-13]. When studies report very few or no events, called zero-event
cells, statistical measures of effect (such as IRRs or odds ratios) and their associated uncertainty calculations may
become undefined, rendering it difficult or impossible to determine whether a treatment effect exists [51]. Current
methodological guidance for zero-event cells primarily relates to the zero-cell correction in the context of (N)MA,
with a common practice involving adding a continuity correction of 0.5 to each aggregate count value [27]. More
flexible approaches for zero-cell continuity corrections also exist; however, these may introduce subjectivity, given
that the choice of the correction impacts the results of the analysis [51].

In the case of zero events, the traditional Bucher approach to calculation of Cls fails. When zero-event cells
occur, the standard errors and Cls of the Bucher ITC cannot be calculated without additional assumptions. Bayesian
approaches may also be beneficial in overcoming such challenges [27].

The presence of zero or close to zero events in injectable arms of PrEP studies additionally introduces com-
plications for population adjustment. Population-adjusted ITCs are recommended in the National Institute for
Health and Care Excellence (NICE) Decision Support Unit (DSU) Technical Support Document 18 and the
European Union Joint Clinical Assessment (EU JCA) evidence synthesis guidelines where there are between-trial
differences in TEMs (33,341. However, regression-based population adjustment methods (such as multilevel-network
meta-regression or simulated treatment comparison) are challenged when event count is low or become impossi-
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Table 3. Summary of key considerations and potential solutions.

Key considerations Overview Potential solutions
TEMs/PFs Available literature  TEMs are poorly defined in the HIV PrEP literature. Future work should comprehensively identify
TEMs through:

e A structured, consensus-driven framework
(e.g., Delphi Panel of clinical input)
o Robust statistical analysis

Adherence to oral Adherence to oral PrEP would likely behave as a TEM e Harmonization of measurement method and

PrepP given the relationship between oral PrEP adherence and timepoints of adherence across trials
efficacy. Assessments of comparability and ability to e Methodological advances to allow for the
adjust for differences in oral PrEP are challenged by: adjustment of variables varying over time
e Variation in measurement methods and/or timepoints e Measurement of adherence in the full study
across trials population (rather than just a subgroup)
o Fluctuating adherence levels within each trial o Considering baseline risk factors predictive of
e Subgroup measurements of plasma tenofovir oral adherence as a proxy for adherence itself
concentrations and DBS samples

Background HIV We hypothesize TEMs may encompass potential o Methodological differences in the
prognostic factors, such as background HIV incidence, measurement of background HIV should be
due to the high efficacy of injectable compared with oral aligned when considering the design of future
PrEP. Differences in measurement of background HIV trials to enable comparison

challenges any adjustment for background HIV across
trials challenge any assessments and adjustment for
background HIV across trials.

Follow-up time HIV acquisition is a rare, time-dependent event, so o Where feasible, consistent follow-up across
accounting for potential differences in follow-up is trials would support cross-trial harmonization
critical, particularly as (in the context of ITCs) the o Effect measures that incorporate follow-up

cumulative incidence curve is steeper for oral PrEP than  time (e.g., IRR and IRD) should be preferred
injectable PrEP.

Zero or close to zero events and High efficacy of injectable PrEP results in zero or few e Methodological advances are needed to
population adjustment events which challenges conventional ITC approaches account for zero or few events
(including Bucher ITC), and introduces additional e To aid interpretation and decision-making,
complications for population-adjustment. Additionally, particularly in the absence of statistically
zero or few events will likely lead to lack of statistical significant results, multiple dimensions beyond
significance in results. efficacy and safety (e.g., mode and frequency
of administration, quality of life) should be
considered

DBS: Dried-blood-spot; HIV: Human immunodeficiency virus; IRD: Incidence rate difference; IRR: Incidence rate ratio; ITC: Indirect treatment comparison; PF:
Prognostic factor; PrEP: Pre-exposure prophylaxis; TEM: Treatment effect modifier.

ble in the presence of zero events. And while production of propensity score weights may be feasible (e.g., via
matching-adjusted indirect comparison), application of such weights to low event counts may have limited
benefit.

Additionally, where few events occur, large uncertainty will lead to challenges in establishing statistically significant
differences between interventions [52]. It is therefore especially important within this context to consider multiple
dimensions beyond efficacy and safety outcomes when evaluating competing interventions, including, for example,
mode and frequency of administration, persistence, cost-benefit, quality of life, PrEP user preference, and potential
for increased PrEP uptake among underserved communities. Where possible, these dimensions should be considered
alongside conventional indirect comparisons as part of a holistic assessment of the additional value that novel PrEP
modalities provide.

Conclusions

As summarized in Table 3, this review identifies key methodological challenges for ITCs of PrEP, proposes practical
approaches below, where feasible, and acknowledges that further refinement of these solutions will be required as the
evidence base evolves. Transparency about these limitations is essential to interpret current evidence appropriately
and to prioritize future work. The considerations outlined here synthesize the most important challenges and can
help guide rigorous analyses, reporting, and methodological development.

Beyond solely meeting the requirements of regulatory bodies and where feasible and practical, manufacturers and
trial sponsors should align on core design elements to strengthen future comparative evidence generation for HTA
and market access. Although full harmonization across trials may not be practical, sponsors can focus on collecting
the key data elements necessary to generate robust cross-study comparisons. Key data elements to collect would
include relevant eligibility criteria and population definitions; all relevant end points and diagnostic algorithms
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reported by other trials; and comprehensive collection of variables likely to modify treatment effects (e.g., adherence
measures, background HIV incidence, patient baseline characteristics). Where feasible, consistent follow-up across
trials would also support cross-trial harmonization. Efficient designs with shared (common) interventions can
improve comparability and reduce reliance on cross-trial assumptions, which are subject to the challenges outlined
in the present review.

Greater consensus in literature is needed on which variables are clinically meaningful and whether they are TEMs
or purely prognostic (e.g., adherence, background HIV incidence, prevalent STIs, age, sex, etc.). A structured,
consensus-driven framework (e.g., Delphi Panel) or robust statistical analysis to comprehensively identify TEMs
and standardized reporting would enhance interpretation of future ITCs.

Oral PrEP adherence fluctuates over time and is measured inconsistently across studies (self-report, pill counts,
plasma tenofovir concentrations, DBS samples, etc.). Methods that explicitly model adherence as a time-varying
TEM - and that can be applied in ITCs — require further development and research. Prespecifying adherence-
defined estimands and reporting standardized adherence metrics at comparable timepoints across clinical trials
would also improve comparability. Additionally, laboratory-based measures with longer windows (TFV-DP in
DBS) can reduce misclassification relative to short-lived plasma tenofovir concentrations. To date, these biomarkers
have often been collected in subgroups of trial populations only, limiting the ability for adjustment in indirect
comparisons. Where practical, future trials should expand coverage of biomarker-based adherence estimates to full
trial populations.

Trials and comparative analyses should favor incidence-based measures that account for person-time, consider
how zero-event arms will be handled, and align follow-up periods across studies. Where ITCs are necessary, access
to full individual patient data (IPD) would enable population adjustment, adherence modelling, and exploration
of TEMs. However, with rare outcomes and limited overlap between trials, IPD may still be insufficient to resolve
simultaneous challenges of population adjustment and low event counts. Additionally, within a commercial context,
access to all IPD is not practical and manufacturers face these challenges with only partial availability of patient-level
data (i.e., from their sponsored clinical trial).

Further, while methodological rigor in ITCs and other meta-analytical approaches is essential, it is equally
important to recognize their contextual limitations. Evidence synthesis methods cannot capture many practical,
contextual, and user-centered factors that strongly influence real-world effectiveness of PrEP outside of the clinical
efficacy and safety of the interventions. For example, access, route, and frequency of administration and requirements
for clinic attendance or monitoring affect uptake, sustained use and population impact; however, these factors are
not readily incorporated into effect estimates produced from statistical comparisons. Therefore, when evidence
is presented, these non-statistical dimensions should be acknowledged along with the clinical comparisons, and
their likely influence on interpretation and decision-making should be noted. These are particularly important to
consider where few events occur within PrEP trials, as with rare events it is challenging to demonstrate statistically
significant differences. Additionally, the between-trial differences discussed herein, including adherence to oral
PrEP, background HIV incidence and follow-up time can obscure or distort the true relative treatment effect that is
being estimated in indirect comparisons. Accordingly, evidence synthesis methods must be selected and interpreted
carefully in the context of PrEP.

Strengths of this article include provision of a structured exploration of the key challenges associated with
conducting ITCs in this indication; our article made reference to relevant ITC literature, key recent clinical
trials and systematic reviews in this indication, drawing on relevant data and statistical reasoning to present
our conclusions. Limitations include that identification of relevant literature involved a narrative review rather
than a pre-registered targeted or systematic review, which may have resulted in selection bias in presentation
of findings. The literature referenced within this article in relation to potential TEMs include subgroup results
from key clinical trials, which may lead to misinterpretation due to their reduced sample sizes and absence of
randomization. The limitation of small sample sizes also applies to analyses indicating association between adherence
and efficacy of oral PrEP as these often relied on the subgroup of participants in which adherence biomarkers were
measured.

In conclusion, we have highlighted key considerations that should guide future research to inform future clinical
trial design and the conduct of indirect comparisons of PrEP. In turn, we have sought to support researchers and
decision-makers in generating and interpreting indirect evidence in the context of PrEP.
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Summary points

e The HIV prevention landscape is expanding rapidly given effectiveness of pre-exposure prophylaxis (PrEP),
including recently approved injectable options which have shown high efficacy in clinical trials.

e Indirect treatment comparisons (ITCs) are often conducted to obtain relative efficacy and safety estimates in the
absence of head-to-head trials.

e The aim of the present review was to identify and outline considerations associated with the robust conduct of
ITCs for PrEP to help support epidemiologists, statisticians, clinicians and decision-makers in generating and
interpretating ITC results.

e Considerations identified encompassed identification and measurement of treatment effect modifiers (TEMs) for
PreP, differences in follow-up duration across trials, and zero or few HIV events observed in injectable PrEP trials.

e TEMs for PrEP are not well-defined in the literature, and may, given the high efficacy of injectable compared with
oral PrEP, also include potential prognostic factors, such as background HIV incidence.

e Oral PrEP adherence (a potential TEM) is time-varying and measured inconsistently across studies, complicating
any assessment of comparability and the ability to adjust for this within ITCs with currently available methods.

o Differences in follow-up across studies, and the ability to account for these differences, is critical to producing
reliable relative effect estimates given the rarity of HIV events.

e Very low or zero HIV-event counts in long-acting PrEP trials complicate variance estimation methods and
furthermore challenge population-adjustment (recommended within ITCs if potential TEMs differ between trials).

e Understanding these limitations is essential to aid interpretation of ITC results and to successfully prioritize future
research needed to incorporate relevant considerations into the design of future head-to-head and indirect
comparisons of PrEP.
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