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Economic Evaluation

Cost-Effectiveness Analysis of a National Pre-Exposure Prophylaxis (PrEP)
Program in Ireland
Eamon O Murchu, MB BCh, MPH, Conor Teljeur, PhD, Catherine Hayes, MB, MPH, Patricia Harrington, PhD, Patrick Moran, PhD,
Máirín Ryan, PhD

A B S T R A C T

Objectives: To estimate the cost-effectiveness of introducing a publicly funded pre-exposure prophylaxis (PrEP) program in
Ireland.

Methods: We constructed a state-transition Markov model. This was a cross-sectional population model that tracked all HIV-
negative men who have sex with men (MSM) in Ireland over their lifetime. Access to a publicly funded PrEP program
(medications 1 frequent monitoring) in high-risk MSM was compared with no PrEP. The primary outcome measure was
the incremental cost-effectiveness ratio (ICER).

Results: In the base case, introducing a PrEP program was considered cost saving and provided significant health benefits to
the population. Univariate sensitivity analysis demonstrated that PrEP efficacy and HIV incidence had the greatest impact on
cost-effectiveness. Including an increase in sexually transmitted infections had a negligible impact on the results.
Efficacy was a significant driver in the model. PrEP was cost saving at all efficacy values above 60%, and at the lowest reported
efficacy in MSM (44% in the iPrEX trial), the ICER was V4711/QALY (highly cost-effective). Event-based dosing (administration
during high-risk periods only) was associated with additional cost savings.
We estimated that 1705 individuals (95% CI: 617-3452) would join the program in year 1. The incremental budget impact was
V1.5m (95% CI: V0.5m to V3m) in the first year and V5.4m over 5 years (95% CI: V1.8m to V11.5m), with 173 cases of HIV
averted over 5 years.

Conclusion: We found that the introduction of a PrEP program would be considered cost saving in the first cost-effectiveness
analysis of its kind in Ireland.

Keywords: cost-effectiveness analysis, HIV prevention, pre-exposure prophylaxis, PrEP.
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Introduction

HIV infection remains a major global public health threat. In
Ireland, 523 diagnoses of HIV were notified in 2018, representing a
rate of 11.0 per 100 000 population,1 higher than the European
average (5.6 per 100 0002). Men who have sex with men (MSM)
accounted for 56% of all infections, whereas this group only ac-
counts for approximately 4% of the overall male population.3

Pre-exposure prophylaxis (PrEP) is a form of HIV prevention
whereby antiretrovirals are taken by HIV-negative individuals at
high sexual risk to prevent infection. PrEP is safe and highly
effective, especially in the MSM group (86% effectiveness4,5). Once
daily oral tenofovir/emtricitabine was first licensed for use as PrEP
in 2016 in Ireland. Ideally, PrEP should be provided as part of a
dedicated program that includes frequent testing for HIV and
other sexually transmitted infections (STIs), safer sex counseling,
and medication adherence support.

Significant variation in the cost-effectiveness of PrEP exists in
the international literature.6 Similar to most interventions, the

cost-effectiveness of PrEP is affected by a number of parameters
that are often country specific, such as the cost of PrEP. In recent
years, multiple generic tenofovir/emtricitabine manufacturers
have entered the Irish market, reducing medication costs by over
90% (a 30-day supply of generic PrEP is now approximately V50).6

The objective of this study was to estimate the cost-effectiveness
of a PrEP program for MSM at high risk in Ireland. This cost-
effectiveness analysis was previously published as part of a
larger health technology assessment by the Health Information
and Quality Authority and made available on the Health Infor-
mation and Quality Authority website.7 The results of this study
were expected to inform a decision by the Irish Department of
Health on whether or not to introduce a national, publicly funded
PrEP program.

Methods

We conducted a full economic evaluation to estimate the costs
and consequences of introducing a PrEP program for MSM at high
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risk in Ireland, following national8 and international9 methodo-
logical guidelines. Our primary outcomewas the incremental cost-
effectiveness ratio (ICER). The willingness-to-pay (WTP) threshold
in Ireland is V45 000 per quality-adjusted life-year (QALY) gained.

Intervention and Comparator

The intervention comprised free access to a publicly funded
PrEP program (daily oral tenofovir/emtricitabine and 3-monthly
STI clinic visits that include HIV/STI testing and renal function
monitoring) for MSM at high risk. The comparator was standard
care (the current suite of HIV prevention strategies), without ac-
cess to a dedicated PrEP program. We did not model PrEP
administration to MSM in medium-/low-risk groups, or to all
MSM, as these individuals are not eligible for PrEP (tenofovir/
emtricitabine is only licensed for use in individuals at high risk,
and high PrEP efficacy has only been observed in high-risk
groups4,5).

Target Population

We included all HIV-negative MSM in Ireland in the model. The
eligibility criteria for PrEP defined our high-risk group (based
national clinical guidelines, see Appendix 1 in Supplemental Ma-
terials found at https://doi.org/10.1016/j.jval.2021.02.005). Briefly,
MSM who satisfy any of the following criteria are eligible:

� $2 episodes of condomless anal sex in the past 6 months
� acute bacterial STI diagnosis in the past 12 months
� post-exposure prophylaxis following sexual exposure (PEPSE) in

the past 12 months
� sex under the influence of drugs in the past 6 months

We determined the size of the target population (N=1705 PrEP
users in year 1, mean age 36.7) using 4 probability distributions:
the proportion of all men who are MSM, the proportion of MSM
who are sexually active, the proportion of sexually active MSM
who are considered high risk, and the program uptake rate (see
Appendix 2.1 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2021.02.005).

Model Structure

We developed a state-transition Markovmodel. The model was
a closed cross-sectional population model that tracked the entire
population of HIV-negative MSM in Ireland at the outset of the
simulation (2018) and followed these men over their lifetime. A
limitation of our choice of model is that it does not contain dy-
namic elements. Therefore, the model underestimates the net
benefit, because it does not capture the indirect reduction in on-
ward HIV transmission associated with PrEP use. All analyses were
performed using TreeAge Pro 2018.10

The model contains 5 health states (Fig. 1). The first 3 health
states encompass all HIV-negative MSM: high-risk MSM taking
PrEP (PrEP high risk), high-risk MSM not taking PrEP (no PrEP high
risk), and all other MSM (medium/low risk). The eligibility criteria
for PrEP defined the high-risk group. We assumed that PrEP would
not be taken by individuals in the medium/low-risk group,
because they are not eligible. Sexual mixing was possible between
risk groups. Behavior change was accounted for; those in the
medium-/low-risk group could transition to high risk over time
(and vice versa), until they acquire HIV or die (transition proba-
bility distributions are provided in Appendix 5 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2021.02.005).

We adopted the perspective of the Health Service Executive,
the body responsible for public health and social care services in
Ireland. We only considered direct costs, and the time horizon of

the analysis was the cohort’s lifetime. We applied a 5.0% discount
rate to costs and benefits.

Model Assumptions

We only modeled MSM, based on the assumption that over
95% of prospective PrEP users will belong to this group (for
comparison, over 99% of participants in Scotland’s first year of
PrEP were MSM11).

We assumed that only MSM at high risk would be offered PrEP
(according to the PrEP eligibility criteria). We also assumed that
individuals taking PrEP whose risk status changes to medium/low
risk would stop taking PrEP from their next 3 monthly clinic visits
onward (as they are no longer eligible for PrEP). PrEP retention
rates were only identified in 1 study from Australia12: a 76% (95%
confidence interval [CI]: 74-77) 1-year retention rate was applied
to the model (median duration of PrEP use = 2.5 years).

We assumed that antiretroviral therapy starts immediately
after HIV diagnosis, in line with current best practice.13 There is
often a delay between infection and diagnosis, however. As PrEP
users attend 3-monthly appointments, we assumed that the delay
from infection to diagnosis and treatment would not extend
beyond 1 cycle (1 year) in the model.

Clinical and Epidemiological Parameter Estimates

We obtained epidemiological parameters (Table 1) from na-
tional reporting bodies (the Central Statistics Office14 and the
Health Protection Surveillance Centre15). In addition, we

Figure 1. The basic model structure is shown. There are 5 health
states. Risk status of HIV negative MSM is either categorized as
“high” or “medium/low” risk. High risk is defined by the eligibility
criteria for PrEP. All others are considered medium/low risk.
Additionally, high-risk individuals may be taking PrEP (PrEP high
risk) or not (No PrEP high risk). Individuals may move between
these health states, until they acquire HIV or die.

HIV

No PrEP
Med/Low

Risk

No PrEP High
Risk

PrEP High
Risk

DEAD

PrEP indicates pre-exposure prophylaxis.
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conducted a systematic review of prior cost-effectiveness studies
that contributed parameter data (see Appendix 2.4 in Supple-
mental Materials found at https://doi.org/10.1016/j.jval.2021.02.
005). We applied international data in cases where Irish data
were unavailable, such as the loss of utility and mortality associ-
ated with HIV infection (retrieved from 2 UK studies16,17).

We previously conducted a systematic review to obtain esti-
mates of the clinical effectiveness of PrEP.6 The measure of effec-
tiveness inMSMwas derived fromameta-analysis of 6 trials.4,5,18-21

Cost Estimates

We employed a microcosting approach to estimate the cost of
PrEP, PEPSE, STI clinic visits, laboratory tests, and treatment of STIs
(Table 2, and Appendix 2.3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.02.005). We used UK data to
estimate incremental lifetime treatment costs in HIV-positive in-
dividuals owing to the absence of Irish data. Analysis was per-
formed from a healthcare perspective, consistent with national
health technology assessment guidelines.8 We inflated retro-
spective costs using the Irish Consumer Price Index for health.

Quality of Life and Utility Estimates

We obtained baseline quality-of-life estimates for men by age
from UK estimates for a general population, in the absence of
validated Irish data.22 We obtained utility weights for HIV from a
2014 study, and adjusted by age.17 We assumed that there is no
utility loss for undiagnosed HIV-positive individuals.

Process for Calibrating Model

Very limited Irish data were available for a number of model
parameters, and others were based on international estimates that
may not be directly applicable to Ireland. We therefore used a
calibration exercise to investigate which parameter values would
lead to plausible results for 2 model outputs: (1) HIV incidence in
MSM, and (2) the size of the program. We considered that be-
tween 150 and 400 HIV cases in MSM per year was plausible
(based on Health Protection Surveillance Centre data15,23), and we
considered that the enrollment of 1000 to 3000 individuals in first
year was plausible. The only data to inform this range came from
the PrEP program in Scotland, the first program to report national
data following PrEP implementation.11 In its first year of operation,
1872 people availed of PrEP (and Scotland’s population is
approximately 10% larger than Ireland).

We used both Latin Hypercube and Monte Carlo parameter
value sampling (see Appendix 3 in Supplemental Materials found
at https://doi.org/10.1016/j.jval.2021.02.005). After calibration, we
refitted 6 model parameters (Table 3).

Risk Compensation and Potential Increase in STIs

PrEP offers no protection against any infection other than HIV.
A rise in STI diagnoses following PrEP introduction may be a result
of a real increase in STI transmission, or may simply reflect
improved detection owing to the frequent testing as part of the

Table 1. Epidemiological parameter estimates.

Epidemiological parameter Value 95% CI Source

Target population

Population of Ireland 4 857 015 CSO 2018 population estimates

Male population aged 16 to 80 1 802 395 CSO 2018 population estimates

Proportion MSM 5% 4-6 Healthy Ireland surveys 201535 and 20173

MSM population 84 713 68 491-101 737

Proportion MSM sexually active 63% 49-76 Pooled data from 2 surveys27,36 (see
Appendix 2.1.2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2
021.02.005)

Proportion MSM sexually active at high
sexual risk for HIV

23% 22.7-23.3 MISI 201525 (see Appendix 2.1.3 in
Supplemental Materials found at https://
doi.org/10.1016/j.jval.2021.02.005)

Target population (sexually active MSM at
high risk)

12 275 7 618-18 106 Calculation

HIV incidence

Overall incidence among MSM 2 per 100 person-years 1.8-2.2 per 100 person-years Ong et al., 201726

Incidence in high risk stratum of MSM 3.3 per 100 person-years 2.8-4.9 per 100 person-years Ong et al., 201726

Clinical Effectiveness

Efficacy of PrEP to prevent HIV 75% 49-90 Meta-analysis of 6 trials4,5,18-21

Efficacy of PrEP to prevent HIV in high
(.80% adherence) trials

86% 65-94 Meta-analysis of 2 trials4,5

Increased mortality associated with HIV

Standardized mortality ratio 5.7 5.5-5.8 Croxford et al. 201716

Disutilities owing to HIV positivity

HIV1 20.11 20.13 to 20.10 Miners et al. 201417

CI indicates confidence interval; CSO, Central Statistics Office; MSM, men who have sex with men; PrEP, pre-exposure prophylaxis.
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program. Health authorities in Scotland have not concluded that
PrEP resulted in an increase in STIs.11

Some evidence has emerged from observational studies,
however, that taking PrEP may result in risk compensation and an
increase the transmission of STIs. One meta-analysis by Traeger
et al. reported an increase in rectal chlamydia after the introduc-
tion of PrEP (odds ratio [OR] 1.59; 95% CI 1.19-2.13).24 An increase
in syphilis or gonorrhea (at any site), or chlamydia at nonrectal
sites, was not found. Taking a conservative approach, we applied
an increase in rectal chlamydia to the model (converting ORs to
relative risk, PrEP users would experience an annual increase in
rectal chlamydia diagnoses of 33%).

Post-Exposure Prophylaxis After Sexual Exposure (PEPSE)

The overall frequency of PEPSE prescribing is unknown in
Ireland. One Irish survey (MISI 2015) reported that of all HIV-
negative respondents, 4% had ever used PEPSE.25 Additionally, a
UK study found that in the year 2012, 4.48% of high-risk MSM had

used PEPSE.26 We therefore applied an annual PEPSE use of 4% in
those not taking PrEP in the model.

Sensitivity Analysis

All parameters were included in the probabilistic sensitivity
analysis, and sampled them from their range of plausible values. A
number of parameters were associated with significant uncer-
tainty (in particular, probability distributions associated with the
size of the target population and movement between risk groups
[see Appendix 5.1 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2021.02.005]). We investigated the effect of un-
certainty pertaining to individual parameter estimates through
univariate sensitivity analysis. We also carried out a 2-way
sensitivity analysis relating to the size of the population (propor-
tion high risk and uptake rate), because these parameters were
subject to significant uncertainty.

We performed 2 scenario analyses. In the first, we applied
event-based dosing5 (PrEP is administered during high-risk

Table 2. Cost parameter estimates.

Cost parameter Value Source

Medication-only costs

Yearly cost of PrEP, per patient V638 Personal communication (Appendix 2.3.1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2021.02.005)

Program-only costs

First assessment V187 Microcosting (Appendix 2.3.2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Starting visit* V16 Microcosting (Appendix 2.3.2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Subsequent visits in year 1 V118 Microcosting (Appendix 2.3.2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Total (first assessment, starting visit,* 3 subsequent visits) V550 Microcosting (Appendix 2.3.2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Cost of usual care

Clinic visits for high-risk MSM, per patient V127 Microcosting (see Appendix 2.3.2 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Average yearly realized cost, per patient V285 Assumption (25% unengaged, 37.5% attend 4 visits/year and
37.5% attend 2 visits/year)

Incremental costs

Incremental cost of program (per PrEP user per year) V265

Incremental cost of program 1 PrEP medications (per PrEP
user per year)

V903

HIV costs

Mean undiscounted lifetime costs associated with HIV
infection (ART initiated soon after HIV diagnosis)† per
person

V423 200 (range:
V158 200-V467
500)

Nakagawa et al. 201537†

Additional costs

Cost of 1 course of PrEP following sexual exposure V964 Microcosting (see Appendix 2.3.4 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Cost to treat 1 episode of rectal chlamydia V125 Microcosting (see Appendix 2.3.5 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2021.02.005)

Note. All costs rounded to nearest Euro.
CI indicates confidence interval; MSM, men who have sex with men; PrEP, pre-exposure prophylaxis.
*Approximately 50% of participants will require this additional visit.
†All UK costs converted to Euros. Undiscounted costs from Nakagawa 2015 subsequently discounted at 5.0% per annum in model.
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periods only, instead of daily use; see Appendix 1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2021.02.005). In
the second, we modeled a baseline PrEP use in the population,
because there is evidence some individuals are already purchasing
PrEP in community pharmacies or ordering online. We arbitrarily
applied a baseline 10% PrEP use in high-risk MSM (paid for out of
pocket) to both the intervention and comparator groups for this
comparison (in the absence of data on the size of this group).

Results

Base-Case Analysis

Monte Carlo simulation was performed over the course of 10
000 replications to derive estimates of the costs and consequences
of implementing a PrEP program. As we achieved stable ICER es-
timates after approximately 2000 replications, we assumed that
10 000 replications were sufficient to obtain stable results from
the probabilistic analysis.

In the base case, we found that PrEP was cost saving (Fig. 2). On
a population level (across all risk groups), the mean incremental
benefit per MSM was 0.03 QALYs and the incremental cost was
-V85 (providing access to a PrEP program for MSM at high risk is
less costly, and more effective, than not providing access).
Including a potential increase in STIs in the model had a minimal
impact on the ICER.

Based on the cost-effectiveness acceptability curve, we esti-
mated that PrEP has a 94% probability at a WTP of V20 000/QALY
and an 87% probability of being considered cost-effective at
V5000/QALY (see Appendix 4 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.02.005).

We estimated that, on average, 1705 MSM (95% CI: 617-3452)
would to join the program in year 1, with a mean age of 36.7. The
incremental budget impact was approximately V1.5m (95% CI:
V0.5m-V3m) in year 1 and V5.4m (95% CI: V1.8m-V11.5m) over 5
years. In terms of the effect of PrEP on HIV transmission, we

estimated that 173 HIV infections would be averted over 5 years.
When we extended the incremental budget impact beyond 5
years, the annual budget impact became cost saving in year 8. By
year 14, the aggregate budget impact became cost saving (break-
even point—all program and medication costs will have been
recovered).

Sensitivity Analysis

We carried out univariate sensitivity analysis to investigate
how much uncertainty in the ICER was induced by uncertainty in
individual parameters. We varied the efficacy of PrEP from the
lowest reported (iPrEX trial, 44%)18 to the highest (PROUD/IPER-
GAY trials, 86%),4,5 and we varied costs by 20%. Most ICERs
remained cost saving (Fig. 3; note that variables with ,5% impact
were excluded). Varying the effectiveness of PrEP and the inci-
dence of HIV in the high-risk group had the greatest impact on
ICERs. The results were also sensitive to the costs associated with
antiretrovirals for PrEP and in the treatment of HIV. Varying the
discount rate had little impact on ICERs.

Owing to the lack of Irish data, much uncertainty exists
relating to the size of the target population. We therefore con-
ducted a sensitivity analysis on the proportion of MSM eligible for
PrEP (high-risk group). In this analysis, we varied the proportion
high risk from 5% to 50% (compared with 12% in the base case). As
the proportion of eligible MSM increased, PrEP became more cost
saving (see Appendix 6.1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.02.005). Additionally, we car-
ried out a 2-way sensitivity analysis whereby the eligible pro-
portion and the uptake rate were simultaneously varied (from 5%
to 50%). ICERs were negatively associated with both variables (see
Appendix 6.2 in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2021.02.005).

We found that the efficacy of PrEP was a significant driver in
the model (see Appendix 6.3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2021.02.005). At all efficacy values

Table 3. Initial and refit parameter values based on Latin Hypercube sampling.

Initial parameter values

Parameter Distribution Mean LCI UCI

Proportion of male population aged 16-80 who are MSM Beta 0.05 .04 .06

Proportion of MSM currently sexually active Beta 0.6304 .4877 .7623

Proportion of MSM population eligible for PrEP Beta 0.2000 .0280 .4827

Proportion of the PrEP eligible population who are likely to enroll Beta 0.2139 .1396 .2991

Rate of HIV acquisition in MSM at high risk of HIV acquisition Gamma 0.0322 .0143 .0573

Rate of HIV acquisition in MSM population at medium/low risk of HIV acquisition Gamma 0.0043 .0015 .0087

Refit parameter values

Parameter Distribution Mean LCI UCI

Proportion of male population aged 16-80 who are MSM Beta 0.0458 .0368 .0556

Proportion of MSM currently sexually active Beta 0.6091 .4660 .7369

Proportion of MSM population eligible for PrEP Beta 0.1221 .049 .2128

Proportion of the PrEP eligible population who are likely to enroll Beta 0.2732 .1984 .3575

Rate of HIV acquisition in MSM at high risk of HIV acquisition Gamma 0.0300 .0244 .0358

Rate of HIV acquisition in MSM population at medium/low risk of HIV acquisition Gamma 0.0030 .0024 .0036

CI indicates confidence interval; HIV, human immunodeficiency virus; LCI, lower confidence interval; MSM, men who have sex with men; PrEP, pre-exposure prophylaxis;
UCI, upper confidence interval.
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above 60%, we found PrEP to be cost saving. At 44%, the lowest
recorded efficacy in MSM (iPrEX trial18), the ICER was V4711/QALY
(highly cost-effective).

Scenario Analysis

First, we carried out a scenario analysis whereby PrEP users
followed event-based dosing. In the only efficacy trial that
investigated event-based oral PrEP, a median of 15 pills per month
were taken by participants (IPERGAY trial,5 which reported an

efficacy value identical to daily PrEP). As expected, we found that
event-based dosing was associated with additional cost savings,
falling to -V4594, -V5562, and -V6258/QALY with 50%, 75%, and
100% event-based dosing, respectively.

Second, we modeled a scenario that included a baseline PrEP
use in the MSM population. In this scenario, we applied an arbi-
trary baseline PrEP use of 10% (95% CI: 5-15) in high-risk MSM to
the intervention and comparator groups (whether purchased at
community pharmacies or online). We found that the introduction
a PrEP program would still be considered cost saving, with little

Figure 3. Tornado diagram (ICER). Blue indicates the effect of increasing the value of the base case and red indicates decreasing the
value of the base case. In the base case, the ICER is cost saving.

ICER indicates incremental cost-effectiveness ratio; PrEP, pre-exposure prophylaxis; PEPSE, post-exposure prophylaxis following sexual exposure.

Figure 2. Incremental cost-effectiveness, PrEP versus no PrEP. Each dot represents an individual simulation of the Monte Carlo analysis.
Encircled is the 95% ellipse. The x-axis represents the additional QALY gain per MSM (across all risk groups). The Y-axis represents the
incremental cost per MSM (across all risk groups).

MSM indicates men who have sex with men; PrEP, pre-exposure prophylaxis; QALY, quality-adjusted life-year.
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difference in the ICERs. Although the comparator benefitted from
a reduction in HIV cases (a proportion of MSM are now using PrEP,
without a program in place), there were additional cost savings to
the intervention group, because individuals who pay out of pocket
incur no costs to the health system.

Discussion

Our findings showed that PrEP would be considered a cost-
saving intervention in the first cost-effectiveness analysis of a
PrEP program targeted to high-risk MSM in Ireland. We tracked
the movement of individuals between risk groups and our time
horizon was adequate to capture all costs and consequences
accrued over the cohort’s lifetime. The main strength of the
analysis was its simplicity of design, transparency, and ease of
interpretation for policy makers. Our results were robust to
considerable variation of parameter values within their plausible
ranges as well as variations in the main model assumptions.

The model assumes adequate adherence and correspondingly
high clinical effectiveness, as PrEP effectiveness was the main
driver of cost-effectiveness in the model. We envisage that PrEP
will be delivered as part of a monitored program that includes 3
monthly clinic visits along with medication adherence support
and sexual health counseling, which should optimize adherence.
The ICERs were also sensitive to the incidence of HIV. Nonetheless,
in no scenario investigated did the ICER exceed V5000/QALY. We
found that ICERs were less sensitive to variations in cost param-
eters, such as the cost of antiretrovirals for PrEP or in the treat-
ment of HIV (PrEP remained cost saving across a range of plausible
values).

Despite the strength of the evidence, of major concern to policy
makers is the potential for changes in sexual behavior (risk
compensation) in prospective PrEP users and the associated
spread of STIs (other than HIV). To date, trial evidence has not
demonstrated a rise in STIs associated with PrEP use. However,
placebo-controlled trials are not considered appropriate for the
assessment of behavior change, because study participants do not
know if they are taking PrEP or placebo. The use of observational
data to assess risk compensation is also problematic, because
studies are often subject to confounding owing to differences in
the frequency of STI testing comparing pre- and post-PrEP
implementation periods. Taking a conservative approach, we
incorporated an increase in STIs in analyses. The inclusion of a rise
in STIs had a negligible impact on ICERs. Indeed, the early detec-
tion and treatment of STIs in individuals enrolled in a monitored
program minimizes the negative consequences and onward
transmission associated with STIs.

The comparator in our model was all HIV-negative MSM
without access to a PrEP program, whereas in reality, we are aware
that some individuals obtain private prescriptions for PrEP and
pay out of pocket at community pharmacies, and others obtain
PrEP online. We do not know the size of this population, or
importantly if these people are truly at high risk and meet the
eligibility criteria for PrEP. In any case, when we included a
baseline PrEP use in a scenario analysis, PrEP was still considered
cost saving.

Prior to this study, we conducted a systematic review of eco-
nomic evaluations and identified 17 studies relevant to the MSM
group.6 None were considered applicable to the Irish context, and
there was significant variation in parameter values used (for
example, the price of daily PrEP ranged from V232 to V11 659 per
patient per year). Many prior studies modeled PrEP over a very
short time horizon, failing to capture the lifelong consequences of
HIV.28-30 Most prior analyses were conducted prior to the

availability of generic PrEP, a significantly cheaper alternative to
Truvada.31,32 In general, our findings are consistent with
cost-effectiveness analyses that incorporated generic priced PrEP.
Similar to other economic evaluations, ICERs were highly sensitive
to adherence-related effectiveness and incidence of HIV.26,33

From a health policy and decision-making perspective, the
scenario that incorporated event-based dosing is important. Trial
data to date have found that event-based PrEP is as effective as
daily PrEP,5 so there is a potential for significant cost savings
without compromising effectiveness. The finding that high PrEP
uptake results in additional health benefits and significantly in-
creases cost savings highlights the importance of promoting PrEP
within current budgetary constraints.

Our study is subject to a number of limitations. Although the
model allowed for the movement of individuals between risk
groups over time, individuals in any particular health state were
considered a homogenous group independent of prior risk status.
Also, for the relationship between high behavioral risk and
increased risk of HIV to be valid, the assumption must hold that
individuals who are eligible for PrEP are correctly identified. From
a health policy perspective, correctly identifying the high-risk
group is crucial. Going forward, there may be a growing demand
for PrEP in low- and medium-risk groups. Additionally, PrEP users
whose risk status changes (to medium/low) may be unwilling to
discontinue PrEP. Inappropriate PrEP use in individuals whose risk
status is medium or low would reduce the effectiveness and cost-
effectiveness of the program. The implementation of the program
must therefore be based on scientific knowledge on aspects of risk
behavior and accompanied by a program evaluation.

The primary limitation of our model’s design is that it does not
incorporate dynamic elements, which would allow the quantifi-
cation of the indirect benefits of PrEP on the wider HIV epidemic
(as in, the reduction in onward transmission). Our model therefore
underestimates the overall population benefit. Dynamic trans-
mission models typically report that the indirect impact of PrEP is
modest, however. One dynamic model of the Dutch HIV epidemic
found a 13% to 16% reduction in ICERs associated with the
reduction in onward transmission.34

A number of the key parameters used in the probabilistic
analysis were subject to significant uncertainty. We derived model
parameters from awide variety of sources, and in situations where
there were an absence of reliable data, we calibrated the model to
observed data. The application of UK epidemiological data was
considered appropriate in some cases, owing to similarities in risk
stratification in both jurisdictions (for example, similar eligibility
criteria for the provision of PrEP) and broadly comparable HIV
incidence and prevalence in the MSM group. It is not yet possible
to quantify the uptake rate and size of the PrEP program with any
degree of certainty. We therefore used a calibration approach to
retrieve plausible estimates for these variables.

Uncertainty also exists relating to HIV care costs, and future
reductions in the cost of antiretroviral therapy could significantly
reduce the cost of treating HIV. Also, we did not incorporate any
indirect costs in our analysis, such as lost productivity owing to
HIV. Taking a societal perspective would not change the inter-
pretation of the findings, however, because it would result in PrEP
being considered more cost saving.

Going forward, there are 2 model assumptions that must be
taken into consideration. First, because we assumed that PrEP will
only be taken by individuals at high sexual risk of HIV, regular
clinical risk assessment to ensure only those at ongoing risk
remain on PrEP is required to maintain cost-effectiveness and
ensure equitable access based on clinical need. Second, we
assumed that the PrEP program would continue for the cohort’s
lifetime and that the HIV incidence in each risk stratum would
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remain static over time. Once the incidence and prevalence of HIV
decline sufficiently, PrEP may no longer be necessary and may not
be considered a cost-effective public health intervention.
Although only a small proportion of MSM were administered PrEP
in the analysis (2%), a range of HIV prevention strategies are
currently available, and a combination of these interventions are
expected to decrease transmission over time.

Since the completion of our study, and in light of our findings, a
decisionwas taken by the Irish government to introduce a publicly
funded PrEP program (approving full reimbursement for all
eligible individuals). HIV/STI testing, renal monitoring, and clinic
visits are also provided free of charge, removing all cost barriers to
accessing PrEP. This study highlights the importance of health
technology assessment in policy development, and in particular,
the power of cost-effectiveness analysis in the decision-making
process. Although policy makers and service providers are aware
that many interventions are cost-effective, the possibility of actual
cost savings through reimbursement decisions are often under-
appreciated and must be clearly communicated to maximize
health benefits and cost savings.

Our findings are likely to be generalizable in countries where
cost and epidemiological parameters are comparable, and even if
substantially different, our results may still be interpreted with
careful consideration of our model assumptions and sensitivity
analyses. For example, factors that reduced ICERs in our analysis
included increasing the proportion of MSM at high risk, the inci-
dence of HIV, and lifetime costs of HIV. Therefore, jurisdictions
that witness a higher prevalence of high-risk behavior and inci-
dence of HIV, or higher HIV care costs, than the Irish MSM pop-
ulation should expect similar findings of cost savings. On the other
hand, our analysis is based on generically priced PrEP, and without
the availability of generic PrEP the intervention is unlikely to be
considered cost saving. Nevertheless, depending on local WTP
thresholds, PrEP may still be considered cost-effective.

In conclusion, we found that a publicly funded PrEP program
would be considered cost saving in Ireland, and provided signifi-
cant health benefits to the population through the reduction in
HIV transmission.
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Supplementary data associated with this article can be found in the
online version at https://doi.org/10.1016/j.jval.2021.02.005.
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