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ABSTRACT

Introduction: This study aims to compare the cost-effectiveness of currently approved daily PrEP in Spain,
with tenofovir disoproxil fumarate plus emtricitabine (TDF/FTC), in gay, bisexual and other men who have
sex with men (GBMSM) versus newer alternatives like daily tenofovir alafenamide plus emtricitabine
(TAF/FTC) or injectable cabotegravir every 2 months (CAB).
Methods: We fitted a dynamic compartmentalized Markov model that represents the dynamics of HIV-1
transmission in GBMSM in Spain. The model was calibrated to replicate the epidemiological data of the
HIV epidemic in GBMSM in Spain from 2013 to 2018. We used the perspective of the national health
system and applied a 40-year time horizon. Quality-adjusted life years (QALYs) were the health outcome
variable, and the cost was accounted for in 2018 Euros (€). Our outcome variable was the incremental
cost-effectiveness ratio (ICER) for PrEP. We used the 2018 gross domestic product per capita of Spain
(€25,854) as the willingness-to-pay (WTP) threshold.
Results: The 2019 scenario with no PrEP in place would yield 17,424,891 QALYs and a cost of 2018
€17,345,310,254. The present scenario of daily TDF/FTC yields 18,615,325 QALYs, anincrease of 1,190,434
QALYs at a cost of 2018 €15,354,878,534 (decrease of —2018 €1,990,431,719), generating an ICER of
—2018€1672 per QALY gained. The introduction of daily TAF/FTC in the present scenario would yield an
increase in 449,392 QALYs at an additional cost of 2018 €13,634,260,217. The ICER would thus be 2018
€30,339 per QALY gained. Introducing CAB in the present scenario would yield an increase of 573,007
QALYs at an additional cost of 2018 €16,754,471,790 (average cost-effectiveness ratio=29,239). Com-
pared to TAF, the increase in QALYs would be 123,614 at an additional cost of 2018 €5,707,367,590,
yielding an ICER of 2018 €46,170/QALY gained. A one-way sensitivity analysis and a probabilistic sensi-
tivity analysis was carried out.
Conclusion: The present Spanish policy of PrEP is a cost-saving strategy. TAF/FTC and CAB are not cost-
effective at current market prices.
© 2025 Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica. Published by
Elsevier Espafia, S.L.U. All rights are reserved, including those for text and data mining, Al training, and
similar technologies.
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Coste-efectividad de cabotegravir versus tenofovir alafenamida con
emtricitabina versus tenofovir disoproxil fumarato con emtricitabina para la
profilaxis preexposicion de la transmision del VIH-1 en gais, bisexuales u otros
hombres que tienen sexo con hombres

RESUMEN

Introduccion: Este estudio tiene como objetivo comparar el coste-efectividad de la profilaxis preexposi-
cion (PrEP) diaria actualmente aprobada en Espaiia, con tenofovir disoproxil fumarato mas emtricitabina
(TDF/FTC), en hombres gais, bisexuales y otros hombres que tienen sexo con hombres (GBHSH) frente a
alternativas mas recientes, como tenofovir alafenamida mas emtricitabina (TAF/FTC) de administracién
diaria o cabotegravir inyectable cada 2 meses (CAB).

Meétodos: Se ajust6 un modelo de Markov dindmico compartimental que representa la dinamica de trans-
mision del VIH-1 en GBHSH en Espaiia. El modelo fue calibrado para replicar los datos epidemiolégicos
de la epidemia de VIH en GBHSH en Espaia desde 2013 hasta 2018. Se utilizo la perspectiva del sistema
nacional de salud y se aplicé un horizonte temporal de 40 afios. Los afios de vida ajustados por calidad
(AVAC) fueron la variable de resultado de salud, y el coste se contabilizé en euros de 2018 (€). Nues-
tra variable de resultado fue la razén incremental de coste-efectividad (ICER) para la PrEP. Se emple6 el
producto interior bruto per capita de Espafia en 2018 (25.854€) como umbral de disposicién a pagar
(WTP).

Resultados: El escenario de 2019 sin PrEP generaria 17.424.891 AVAC y un coste de 17.345.310.254€
(2018). El escenario actual de PrEP diaria con TDF/FTC genera 18.615.325 AVAC, un incremento
de 1.190.434 AVAC a un coste de 15.354.878.534€ (2018), lo que supone una disminucién de
—1.990.431.719€ (2018), generando un ICER de —1.672€ (2018) por AVAC ganado. La introduccién de
TAF/FTC diaria en el escenario actual generaria un aumento de 449.392 AVAC a un coste adicional de
13.634.260.217 € (2018). El ICER seria de 30.339<€ (2018) por AVAC ganado. La introduccién de CAB en
el escenario actual generaria un incremento de 573.007 AVAC a un coste adicional de 16.754.471.790€
(2018) (razén media de coste-efectividad =29.239). En comparacién con TAF, el incremento en los AVAC
seria de 123.614, con un coste adicional de 5.707.367.590€ (2018), lo que resulta en un ICER de 46.170€
(2018)/AVAC ganado. Se realiz6 un andlisis de sensibilidad univariado y un analisis de sensibilidad prob-
abilistico.

Conclusion: La politica actual de PrEP en Espafia es una estrategia que ahorra costes. TAF/FTC y CAB no

son rentables a los precios actuales de mercado.
© 2025 Sociedad Espariiola de Enfermedades Infecciosas y Microbiologia Clinica. Publicado por Elsevier
Espaiia, S.L.U. Se reservan todos los derechos, incluidos los de mineria de texto y datos, entrenamiento

de IAy tecnologias similares.

Introduction

HIV continues be a major public health challenge throughout
the world. In 2022, there were an estimated 39 million people living
with HIV (PLWHIV), 1.3 million new infections and 630,000 deaths
worldwide.! In Spain, there were 2956 new HIV cases reported,
although the consolidated number will probably be higher. Most
(85.7%) were in men, and 55% were in gay, bisexual, and other men
who have sex with men (GBMSM).? The burden of new infections
among GBMSM has remained unacceptably high in the past decade,
despite the availability and promotion of condom use, HIV testing
and treatment, and high levels of virologic suppression in people
using antiretroviral therapy (ART).

Pre-exposure prophylaxis (PrEP) is a preventive approach used
to reduce the risk of new HIV infection in HIV-negative individuals
who are at high risk of contracting the virus, including MSM, het-
erosexual individuals in serodiscordant relationships, people who
inject drugs, and sex workers. Daily PrEP with tenofovir disoproxil
plus emtricitabine (TDx/FTC) has been shown to prevent new HIV
infections among GBMSM and other groups in clinical trials, with an
estimated efficacy of up to 86% in the reduction in new infections.>*
On demand, used only when having sex, PrEP has also been shown
to prevent 86% of new HIV infections.>® This effect has also been
observed in real-world studies,”® which moreover show reduced
HIV incidence in GBMSM not receiving PrEP but living in a commu-
nity where PrEP is available.’

UNAIDS, the Joint United Nations Programme on HIV-AIDS, in
collaboration with the World Health Organization (WHO), marked
a significant step forward in HIV prevention efforts when they

recognized the effectiveness of PrEP to reduce new HIV infections
and its contribution to the global goal of ending AIDS as a public
health threat by 2030.'° Along these lines, Spain first approved PrEP
in 2019 for GBMSM, transgender people, and female sex workers
at high risk of HIV infections, and in 2021 for anyone at high risk
of infection.!’"!2 The first regimen approved was a daily dose of
TDx/FTC, available free of charge to target populations through the
national health service. Since then, new options have been explored
and proposed as possible alternatives for PrEP, specifically daily
tenofovir alafenamide plus emtricitabine (TAF/FTC) and injectable
cabotegravir (CAB) every 2 months.!>'4 These alternatives may
have advantages over existing regimens; TAF/FTC has a better
safety profile with less bone and kidney toxicity'> while CAB seems
especially attractive as it does not have bone and kidney toxicity
and has demonstrated superiority over TDX/FTC in preventing new
HIV infections.'® However, some limitations should be considered.
These include the need for strict adherence to the injection sched-
ule, potential challenges in transitioning to oral PrEP after discon-
tinuation of injectable CAB, and the possibility of developing resis-
tance if adherence is not maintained. Therefore, while CAB yields
better efficacy outcomes, careful monitoring and management
strategies are crucial to guaranteeing its real-world effectiveness.
Moreover, these newer drugs are more costly, raising the question
of whether the potential improvement in health outcomes would
justify the increase in costs. Health economics studies in other Euro-
pean countries have shown that PrEP is a cost-effective strategy and
can even save costs in the medium term.!’~'9 But to date, no cost-
effectiveness analysis has been carried out in Spain at a national
level. The cost-effectiveness of PrEP has been evaluated only in the

417



P.E. Wikman-Jorgensen, M. Ruiz-Alguerd, C. Iniesta et al.

Enfermedades Infecciosas y Microbiologia Clinica 43 (2025) 416-425

" pul u2 u3 ua uS [1(3) u7 u8
0-1 month T 2.3 T T ChronicCD4
Susceptible of i 200350
Force of infection infection months
Susceptible Gl ’:f"”‘h | s ChronicCpa Chronic CD4 e
on PrEP Force ofinfection intection months 0 350-500 200-350
on PrEP l l l l l l
H ul H2 H3 ua M5 ué u7 H8

}

uT

Fig. 1. A Markov chain model for the transmission of HIV and the influence of pre-exposure prophylaxis (PrEP). u: mortality. Starting at the upper left corner, the “susceptible
state” represents non-HIV infected GBMSM at risk for HIV acquisition. People in this state may acquire HIV and transition into the first of the 8 states that represent the
history of HIV natural infection, in accordance with previously used models.?*> At any point in those 8 states, the patient may be diagnosed and started on ART. The susceptible
persons may be started on PrEP, where the risk of infection is much lower, but still possible, and transition through the HIV infection stages, and at any stage they may be

started on treatment. In each state the person has a mortality rate j.

autonomous region of Catalonia and in its capital, Barcelona.20-2!
We therefore aimed to evaluate the cost-effectiveness of these
three PrEP regimens in Spain: TDx/FTC, TAF/FTC and CAB.

Methods

A health economic analysis plan was developed and is available
through reasonable request to the corresponding author.

Target population, setting and interventions

The target population were GBMSM 16 years or older receiving
care in the Spanish National Healthcare System. The baseline sce-
nario was 2019 with no PrEP program in place. We performed three
different evaluations for the implementation of three different PrEP
regimens: daily TDF/FTC (present scenario), daily TAF/FTC, and CAB
injection every 2 months. In each case, we considered that patients
underwent a baseline medical visit, screening for HIV and other
sexually transmitted infections (STIs), an educational intervention
for safe sex practices, and a series of regular follow-ups, as recom-
mended in the Spanish Infectious Diseases Society guidelines.>?

Model development

A stochastic, dynamic, transmission Markov chain model was
developed and calibrated to replicate the results of the HIV epi-
demic in Spain. The model (Fig. 1) represents the current estimated
population of GBMSM in Spain. Starting at the top left corner, the
“susceptible state” represents non-HIV infected GBMSM at risk for
HIV acquisition. People in this state may acquire HIV and transition
into the first of the 8 states in the natural history of HIV infec-
tion, in accordance with previously used models.?*> At any point in
those 8 states, the patient may be diagnosed and started on ART.
The susceptible person may be started on PrEP, where the risk of
infection is much lower, but still possible, and transition through
the HIV infection stages, and at any stage they may be started on
treatment. In each state, the person has a mortality rate . Each
state had a cost and a health measure attached.

The model was stratified by age group and by sexual activity
risk groups. Only susceptible non-HIV infected GBMSM in the high
risk and very high-risk compartments may be started on PrEP and
transition into the “susceptible on PrEP” state. In this state they
have a drastic reduction in HIV acquisition probability but may still
acquire HIV and transition into the 8 states of HIV infection or may
go off PrEP and back into the susceptible state.

The probabilities of transitioning from one state to another are
governed by the parameters presented in Table 1. The initial pop-
ulation for each state was estimated using published data. Due to
the chronic nature of HIV infection, a time horizon of 40 years was
chosen, together with a weekly time step.

Model parameters were obtained from published studies, sys-
tematic reviews and meta-analyses, and - when no other source
was found - through expert consultation.

For calibration, the model parameters were given a probabil-
ity distribution, and the model was run 150,000 times. Each time,
a random draw from each of the distributions was used as a
model parameter. The initial distributions and their hyperparame-
ters were selected by the researchers based on available evidence
and expert judgment. Beta distributions were used for transition
probabilities, as they are bound between 0 and 1, and Dirichlet dis-
tributions were used when there were more than 1 possible and
mutually exclusive transition. A Gamma distribution was used for
parameters that were not bound between 0 and 1 unless a nor-
mal distribution was thought to better represent the uncertainty
around the parameter. For the confidence intervals, the best value
in the literature was used and, if none was found to be suitable, a
standard deviation of 20% was assumed.

The goodness-of-fit of the model to the HIV mortality and
new AIDS cases, reported for the 2013-2018 period by the
National plan for fighting AIDS,2 was established by measur-
ing the square of the difference between the model output and
the mentioned values. The set of parameters with the best fit
was the final set of parameters used for the cost-effectiveness
analysis. Analyses were undertaken using R language for statis-
tical analysis.>* More detailed information is presented in the
supplement.
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Key parameters of the model. These parameters govern the initial population of the different model states and the probabilities of transition between each state.

Parameter Value and OWSA range Prior distribution Source Posterior distribution
Number of GBMSM 892955 NA Spanish National NA

Institute of Statistics>®
Number of GBMSM living with HIV 33558 Normal (33558, 4000) Hospital survey 2018%° Normal (31266, 1000)
Baseline proportion of infected people on treatment 0.75 Beta (0.75, 0.1) Hernando et al.*° Beta (0.698, 0.1)

% GBMSM that go off PrEP
% GBMSM that start PrEP

11.56% annually
30% annually

Mortality of PLWHIV >350
200-350
<200
Partner change rate in very high-risk compartment ~ 52.5/year
Partner change rate high-risk compartment 9/year
Partner change rate in low-risk compartment 2.5/year
Partner change rate in very low-risk compartment  0.2/year
Proportion of the population in each group Very high risk 0.1,
High risk 0.4,
Low risk 0.3,
Very low risk 0.2
Per partnership transmissibility 0.024
Duration in HIV infection stage 1, 2 and 3 1 —exp(-0.25)

Duration in HIV infection stage 4-7 1 —exp(-0.25/3)

Duration in HIV infection stage 8 1 —exp(-0.25/52*3)

Duration in HIV infection stage 9 1—exp(-0.25/52*3.5)

<200

0.00264423

200-500

0.00168269

>500

0.0005288

TDx/FTC 86% risk reduction
TAF/FTC 93.4% risk reduction
CAB 95.2% risk reduction

Probability of starting treatment
according to cd4 count

PrEP effectiveness

NA
NA

Beta (0.0000538, 0.000048)
Beta (0.00012692,
0.000061)

Beta (0.04/52, 0.04/52)
Gamma (52.5/52, 52.5/52)
Gamma (9/52, 9/52)
Gamma (2.5/52, 2.5/52)
Gamma (0.2/52, 0.2/52)
Dirichlet (0.1, 0.4, 0.3, 0.2)

Beta (0.024, 0.024)
Beta (1 —exp(—0.25),
1 -exp(-0.25))

Beta (1 —exp(—0.25/3),
1 —exp(—-0.25/3))

Aparicio et al.*!
Nichols et al.”®

Alejos et al.*?

Kasaie et al.*®

Nichols et al.>?
Nichols et al.”®
Nichols et al.*
Nichols et al.>?
Nichols et al.”®

Nichols et al.*
Nichols et al.>

Nichols et al.*

NA
NA

Normal (8.6e—05, 1.7e—05)
Normal (0.0001, 3.5e—05)

Normal
Normal

0.0023, 0.0004)
0.15, 0.029)
Normal (0.46, 0.09)
Normal (0.009, 0.002)
Normal (0.009, 0.002)
Dirichlet (4.1e—07, 0.34,
0.6, 0.05)

Normal (0.046, 0.009)
Beta (0.036, 0.007)
Beta (0.38, 0.07)
Beta (0.17, 0.034)
Beta (0.045, 0.009)

Beta (0.08, 0.017)
Beta (0.05, 0.01)

(
(
(
Beta (0.14, 0.029)
(
(
Beta (0.005, 0.001)

Beta (1 —exp(—0.25/52*3), Nichols et al.?*
1— exp(—0.25/52*3))
Beta

(1 - exp(—0.25/52*3.5),
1— exp(—0.25/52*3.5))

Nichols et al.? Beta (0.001, 0.0002)

Beta (0.00264423, Nuiiez et al.* Beta (0.001, 0.0003)
0.00264423)
Beta (0.00168269, Beta (0.0001, 3.3e—05)
0.00168269)
Beta (0.0005288, Beta (0.0001, 3.4e—05)
0.0005288)

PROUD* NA

DISCOVER*®

HPTN 0834

Abbreviations: OWSA: one-way sensitivity analysis; NA: not applicable; GBMSM: gay bisexual and other men who have sex with men; PLWHIV: people living with HIV; PrEP:
pre-exposure prophylaxis; CAB: cabotegravir; TDx/FTC: tenofovir disoproxil/emtricitabine; TAF/FTC: tenofovir alafenamide/emtricitabine.

Cost evaluation

The cost evaluation used a healthcare provider perspective and a
micro-costing approach. The costs were estimated using different
published insurance reimbursement lists. Costs are presented as
2018 euros (2018€) and were calculated with the model, depend-
ing on the population in each state at each time point.

Health outcomes

The model was used to obtain estimates of the number of new
HIV infections, deaths and new HIV and AIDS cases averted. The
weights of the study by Tengs and Lin?> were employed to calculate
quality-adjusted life years (QALYSs).

Cost-effectiveness evaluation

We ranked interventions by effectiveness and then calculated
incremental cost-effectiveness ratios (ICER) - i.e., the difference
in costs divided by the difference in health effects, measured in
2018€/QALY - by comparing each intervention to its immediately
less effective strategy. Both effectiveness and costs were subject to
an annual discount measure of 3%.26 The willingness-to-pay (WTP)
threshold used was the per capita gross domestic product of Spain
in 2018 (2018 €25,854).

Sensitivity analysis

A one-way sensitivity analysis was performed, modifying each
of the parameters separately through its spectrum of possible val-
ues, and it is presented as a tornado plot.

A probabilistic sensitivity analysis (PSA) was also carried out,
assigning probability distributions to the model parameters, and
subsequently carrying out Monte-Carlo simulations. The specific
number of simulations was determined by visual inspection of
a graphical representation of the average cumulative net mone-
tary benefits. The ICERs for each strategy are presented with their
confidence intervals, along with cost-effectiveness planes and cost-
effectiveness probability curves.

Engagement of service recipients and stakeholders in study design

The study was designed and executed by researchers affiliated
to several different institutions representing both service recipient
associations, as well as service providers organizations.

Results

Model parameters and costs

Fig. 1 shows the model; Table 1, the model parameters and tran-
sition probabilities; and Table 2, the costs. The model was adjusted
to fit AIDS mortality and new AIDS cases.
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Table 2
Costs of patients on PrEP and costs of patients on ART used for the PrEP cost-effectiveness calculation.
Item Unit cost (2018€) Annual units Weekly cost (2018€) Source
Patients on PrEP
TDx/FTC 0.97 365 6.8 Direct query to the pharmacist
TAF/FTC 16.76 365 117.36 Spanish retail price
CAB 22.24 365 155.7 Spanish retail price
Nurse administration (only CAB arm) 27 6 3.11
HIv speqal?st Ist VIle bels 1 e The cost of each unit of resource
HIV specialist 2nd visit 92.92 1 1.78 .
has been estimated as the average
HIV serology 90.92 4 6.99 S .

o . of the public prices (to be applied
Syphilis reaginic test 7.30 4 0.56 by health centers to third parti
TPHA test 17.67 4 1.35 B/ IEEIN EEHUSE U RIS

obliged to pay or to users without
Hemogram 434 4 0.33 the right to health care
Na and K+ 3.06 4 023 ERLtO

i corresponding to the health

Creatinine 0.75 4 0.05 X N
. services provided by the health

Glycemia 0.71 4 0.05 services of the different
Phosphorus 0.71 4 0.05 i )
Transaminases 3.92 4 0.30 autonomous communities
Urine sediment 4.31 4 0.33

PCR for Chlamydia and Gonococcus 85.38 4 6.56 Lopez Segui et al.?!

Total 21.74

Patients on ART
ART 23.56 365 165.38
Test for resistances 328 1 6.30 The cost of each unit of resource
Viral load 96.81 2 3.72 has been estimated as the average
CD4 count 25.17 2 0.96 of the public prices (to be applied
Consultation 427.54 1 8.22 by health centers to third parties
HLA-B5701 151 Once in life 2.90 obliged to pay or to users without
Hemogram 4.34 2 0.33 the right to health care
Na and K+ 3.06 2 0.23 corresponding to the health
Creatinine 0.75 2 0.05 services provided by the health
Glycemia 0.71 2 0.05 services of the different
Phosphorus 0.71 2 0.05 Autonomous Communities)
Transaminases 3.92 2 0.30

Total 188.54

Abbreviations: TDx/FTC: tenofovir disoproxil/emtricitabine; TAF/FTC: tenofovir alafenamide/emtricitabine; ART: antiretroviral therapy; PCR: polymerase chain reaction.

Table 3

Results of the cost-effectiveness analysis. This quantity is calculated as the difference between the intervention and the less effective alternative.

Strategy QALYs Costs (2018€) Incremental QALYs Incremental costs (2018€) ICER incremental costs 2018€ /incremental QALYs
No program 17,424,891 17,345,310,254 Baseline Baseline Baseline

TDx/FTC 18,615,325 15,354,878,534 1,190,434 -1,990,431,719 -1,672

TAF/FTC 19,064,717 28,989,138,751 449,392 13,634,260,217 30,339

CAB 19,188,342 34,696,506,342 123,614 5,707,367,590 46,170.5

Abbreviations: QALY: quality-adjusted life year; TDx/FTC: tenofovir disoproxil fumarate/emtricitabine; TAF/FTC: tenofovir alafenamide/emtricitabine; CAB: cabotregavir;

ICER: incremental cost-effectiveness ratio.

Baseline scenario

In the 2019 scenario with no PrEP in place, 663,706 new infec-
tions would occur during the 40-year simulation period, for an
incidence of 19.32 per 1000 patient/years at risk. This would trans-
late to 17,424,891 QALYs and a cost of €17,345,310,254 (Table 3).

TDx/FTC

The present scenario generates 18,615,325 QALYs, that is, an
increase of 1,190,434 QALYs compared to baseline, at a total cost of
2018 €15,354,878,534 (a decrease of 2018 €1,990,431,719), gen-
erating an ICER of —2018 €1672 per QALY gained (Table 3).

TAF/FTC

The introduction of TAF/FTC in the present scenario would yield
an increase of 449,392.3 QALYs for an additional cost of 2018
€13,634,260,217. The ICER would thus be 2018 €30,339 per QALY

gained. TAF/FTC would have to be marketed at a cost of 2018 €96.8
per week to be deemed cost-effective (Table 3).

CAB

Introducing CAB in the present scenario (with TDF/FTC) would
yield an increase of 573,007 QALYs at an additional cost of 2018
€16,754,471,790 (average cost-effectiveness ratio =29,239). When
compared to TAF, QALYs would increase by 123,614 and cost by
2018 €5,707,367,590, yielding an ICER of 2018 €46,170/QALY
gained. CAB would have to be marketed at a price of 2018
€134.7/week (2018 €1264 per 2-month dose) to achieve an ICER
of 2018 €25,241 per QALY gained (Table 3).

Sensitivity analyses

One-way sensitivity analyses are presented in Fig. 2 as tornado
plots. The TDx/FTC strategy has an ICER that falls below the WTP at
all plausible values of the different parameters evaluated. For the
TAF/FTC scenario, some extreme values of the partner exchange
rate in the high-risk compartment (28.59 sexual partners/year) and
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Fig. 2. Tornado plot of the one-way sensitivity analysis for the three different PrEP candidate drugs. (A) For TDF/FTC, (B) for TAF/FTC, and (C) for CAB. The vertical red line
represents the willingness-to pay-threshold. Rest: proportion of patients with more than 500 CD4; PTr3: probability of starting treatment with less than 200 CD4; PTr2:
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of the per partnership transmissibility ratio (0.056) would render
TAF/FTC cost-effective. The variation in the values for the rest of the
variables did not have such an impact. For the CAB scenario, none
of the variations of the plausible values fell below the WTP.

The PSA is presented in Fig. 3. On visual inspection, it becomes
apparent that PrEP with oral TDx/FTCis a cost-saving strategy. With
the cost-effectiveness probability curves showing the same results,
for TDX/FTC the median ICER was —2049 (P,5-P75; —3123, —1229)
with 99.58% of simulations below the WTP and 94.54% with an ICER
below or equal to 0. For the TAF/FTC scenario, the median ICER
was 32,147 (Py5-P75; 25,604, 47,693), with 25.7% of the simulations
rendering TAF/FTC cost-effective, but none cost-saving. For the CAB
scenario, the median would be 46,998 (P,5-P75; 35,786, 70,841),
with 2.4% of the simulations producing an ICER below the WTP.

Discussion

Our analysis shows that PrEP with oral daily TDx/FTC is a cost-
saving strategy.

PrEP with oral generic TDx/FTC seems to be a cost-saving strat-
egy across Europe, as our study adds to previous studies in the
UK, Germany, and Ireland that also deemed PrEP with generic oral
TDF/FIC to be cost-saving.?’-2° These results raise the question
of whether an “on demand” strategy could be even more cost-
effective. We did not evaluate PrEP on demand because it is not
approved for use in Spain. Nevertheless, price is not the main driver
of cost in the TDx/FTC group, so the savings in drug costs would be
small.

The budgetary impact of a PrEP programme is a barrier to imple-
mentation. However, while newer drugs are more expensive, their
better safety, efficacy and posology make them attractive alter-
natives. In our study, the substitution of TDx with TAF (with less
toxic effects and similar efficacy to TDx) did not fall within the
established WTP except when extreme parameters for the partner
exchange rate and the per partnership transmission rate were used,
indicating that in high-risk patients, with higher-than-expected
transmission rates (perhaps because of an STI) TAF/FTC could be
cost-effective.

A study by Walensky et al. evaluated the cost-effectiveness of
TAF/FTC for PrEP in the USA, finding it was not cost-effective at the
price it was marketed.3? However, they established a maximum
price for TAF/FTC, as did we. Of note, cost-effective does not mean
affordable, and budget impact should be considered. That said, it
would seem reasonable to consider TAF/FTC as an alternative in
users who do not tolerate or have had renal toxicity with TDx/FTC,
making the budgetary impact minimal.

The use of CAB for PrEP did not fall below the established
WTP, meaning that it is not cost-effective in our population.
Despite being more effective even if considering higher adherence
than the other strategies, its benefits do not currently compen-
sate for the increased cost. A recent evaluation in the USA found
similar results,?! although in South Africa, it was found to be cost-
effective.>? This difference was mainly driven by the drug price
considered in each study. Our evaluation showed that CAB would
need to be marketed at a price of 2018 €1264 per 2-month dose
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to be considered cost-effective. Nevertheless, cabotegravir for PrEP
reduces the risk of HIV infection by 66-88% compared to TDx/FTC.
Its use should be prioritized in PrEP users with contraindications
to the use of TDX/FTC or carry a high risk of toxicity and adher-
ence problems to oral PrEP. A recent communication found results
that CAB would be cost-effective in such a scenario.?? Also, a cost
neutrality analysis has been reported with favorable results.?*

In summary, the most cost-effective strategy with the lowest
budget impact would be to use TDx/FTC (cost-saving) as the first-
line drug. TAF/FTC and CAB would serve as second-line options,
with TAF/FTC recommended for patients with contraindications
to TDx/FTC and CAB for those with adherence challenges or con-
traindications to TAF/FTC.

The main limitations of this analysis reside in the uncertainty
of certain parameters. However, we have tried to compensate for
this issue with extensive sensitivity analyses. Another limitation
is that we did not account for the alleged extra benefit of TAF/FTC
or CAB in terms of lower renal toxicity and lower bone toxicity.
It is unclear how this would translate into a quality-of-life met-
ric; however, it could impact cost-effectiveness and potentially
lead to better outcomes for TAF/FTC. Furthermore, we did not
account for changes in risk practices after PrEP initiation and an
evaluation of a potential increase in STI. Nevertheless, the poten-
tial effect of an STI increase on cost-effectiveness is unclear. The
impact was evaluated by Reitsema et al., who found that PrEP was
still cost-effective.> In addition, our analyses used retail prices
for calculations. The real prices negotiated by the NHS are fre-
quently lower, but they are not publicly available. However, we
have identified the maximum price that would render both drugs
cost-effective.

The strengths of the model include the fact that it accounted for
the transmission dynamics. Model calibration resulted in an inci-
dence 0f 19.3/1000 persons at risk, similar to the reported incidence
in GBMSM in our setting at the time (2018).3637 We also evaluated
three different PrEP strategies and provided important guidance for
the approval of new drugs for this purpose.

The present daily oral TDx/FTC for PrEP is a cost-saving safe sex
strategy and a key component of the combined preventive strat-
egy to end the HIV epidemic. Any new PrEP strategy should be
compared to this baseline. However, its long-term toxicity remains
unknown, the need for daily oral intake complicates adherence,
and PrEP discontinuations are an issue. The introduction of TAF/FTC
would be more expensive, but it would also achieve more health
benefits, and we established the maximum cost for TAF/FTC at €468
per month. The introduction of CAB would not be considered cost-
effective in our setting, as it fell above the WTP threshold. CAB
would need to be marketed at a cost of €1264 per 2-month dose
to be deemed cost-effective.

The findings of this study hold important implications for the
ongoing negotiations between the pharmaceutical industry and
Spain’s public health system. In Spain, as in many countries with
universal healthcare systems, the determination of drug prices and
reimbursement conditions involves complex negotiations aimed
at balancing access to innovative therapies with cost contain-
ment.

probability of starting treatment with CD4 between 200 and 500; PTr1: probability of starting treatment with more than 500 CD4; PropTR: proportion of HIV infected patients
on treatment; nvl: proportion of the total population of GBMSM in the very low risk group; nvh: proportion of the total population of MSM in the very high risk group,
nl: proportion of the total population of MSM in the low risk group; nh: proportion of the total population of MSM in the high risk group; mVIH35: mortality with more
than 350 CD4; mVIH235: mortality with CD4 between 200 and 350; mAIDS: mortality with CD4 below 200; I8CD4: proportion of PLWH with CD4 between 200 and 350;
189: probability of transitioning from state 8 to AIDS; 17CD4: proportion of PLWH with CD4 between 350 and 500; 178: probability of transitioning from state 7 to state
8; 167: probability of transitioning from state 6 to 7; 156: probability of transitioning from state 5 to 6; 145: probability of transitioning from state 4 to 5; 134: probability
of transitioning from state 3 to 4; 123: probability of transitioning from state 2 to 3; [12; probability of transitioning from state 1 to 2; HIV-MSM: number of HIV infected
GBMSM; G: population growth constant; Cvl: partner change rate in the very low group; Cvh: partner change rate in the very high group; Cl: partner change rate in the low
group; Ch: partner change rate in the high group; B: per partnership transmissibility; ACD4; proportion of patients with less than 200 CD4.
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Fig. 3. (A) Probabilistic sensitivity analysis presented in the cost-effectiveness plane. (B) Cost-effectiveness probability curves.

These results could provide policymakers with evidence-based
arguments during negotiations, potentially strengthening their
position to secure fair pricing agreements that reflect both the
therapeutic value of the intervention and the sustainability of the
healthcare system.

Conclusion
From a health policy and decision-making perspective, the

presently funded PrEP program provides significant health ben-
efits and is a cost-saving strategy. New drugs should be
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marketed below their present cost to be considered cost-
effective.
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