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ABSTRACT

Introduction: Current antiretroviral therapies
(ARTs) have improved outcomes for people liv-
ing with HIV. However, the requirement to
adhere to lifelong daily oral dosing may be
challenging for some people living with HIV,
leading to suboptimal adherence and therefore
reduced treatment effectiveness. Treatment
with long-acting (LA) ART may improve adher-
ence and health-related quality of life. The
objective of this study was to evaluate the cost-
effectiveness of cabotegravir ? rilpivirine
(CAB?RPV) LA administered every 2 months
(Q2M) compared with current ART adminis-
tered as daily oral single-tablet regimens (STRs)

from a Spanish National Healthcare System
perspective.
Methods: A hybrid decision-tree and Markov
state-transition model was used with pooled
data from three phase III/IIIb trials (FLAIR,
ATLAS, and ATLAS-2M) over a lifetime horizon,
with health states defined by viral load and
CD4? cell count. Direct costs (in €) were taken
from Spanish public sources from 2021 and
several deterministic and probabilistic analyses
were carried out. An annual 3% discount rate
was applied to both costs and utilities.
Results: Over the lifetime horizon, CAB?RPV
LA Q2M was associated with an additional 0.27
quality-adjusted life years (QALYs) and slightly
greater lifetime costs (€4003) versus daily oral
ART, leading to an incremental cost-effective-
ness ratio of €15,003/QALY, below the com-
monly accepted €30,000/QALY willingness-to-
pay threshold in Spain. All scenario analyses
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showed consistent results, and the probabilistic
sensitivity analysis showed cost-effectiveness
compared with daily oral STRs in 62.4% of
simulations, being dominant in 0.3%.
Conclusion: From the Spanish National Health
System perspective, CAB?RPV LA Q2M is a cost-
effective alternative compared with the current
options of daily oral STR regimens for HIV
treatment.
Clinical Trials Registration: ATLAS,
NCT02951052; ATLAS-2M, NCT03299049;
FLAIR, NCT02938520.

PLAIN LANGUAGE SUMMARY

Over the past decades, treatments for HIV
infection have improved outcomes for people
living with HIV. However, most of the treat-
ments available consist of daily oral adminis-
tration, which may present challenges for some
people. These challenges may lead to a less
optimal intake of the medicines and, therefore,
to a potential reduction of treatment effective-
ness. A new long-acting treatment alternative
for HIV with two drugs is now available:
cabotegravir ? rilpivirine long-acting is the first
injectable treatment administered in the muscle
every 2 months by a healthcare professional.
Long-acting injectables may improve treatment
administration and health-related quality of life
of people living with HIV. This study estimated
the cost-effectiveness of cabotegravir ? rilpivir-
ine long-acting in Spain compared with daily
oral single-tablet treatment for HIV. An eco-
nomic model using clinical data and Spanish
inputs was used to estimate cost-effectiveness
and health outcomes over a lifetime. Cabote-
gravir ? rilpivirine long-acting compared with
daily oral single-tablet treatment showed an
increase in health-related quality of life, leading
to a cost-effectiveness ratio of €15,003, below
the Spanish willingness-to-pay threshold of
€30,000. All different scenarios tested showed
consistent results, with cabotegravir ? rilpivir-
ine long-acting being cost-effective in 62.4% of
the simulations and less costly and more effec-
tive in 0.3%. This study demonstrated that, in
Spain, cabotegravir ? rilpivirine long-acting

administered every 2 months is a cost-effective
alternative to the current daily oral single-tablet
treatment options for HIV.

Keywords: Adherence; Antiretroviral therapy;
Cabotegravir; Cost-effectiveness; HIV;
Injectable; Long-acting; Rilpivirine

Key Summary Points

Why carry out this study?

Suboptimal adherence due to daily oral
pill burden, stigma, and other challenges
is still common in people living with HIV
and may lead to reduced treatment
adherence and effectiveness and increased
onward transmission.

Cabotegravir ? rilpivirine long-acting,
administered every 2 months through an
injection by a healthcare professional, is
the first long-acting antiretroviral therapy
(ART) that may reduce these challenges by
omitting daily oral ART intake.

In this study, the cost-effectiveness of
injectable long-acting cabotegravir ?

rilpivirine over commonly used, daily
oral, single-tablet ART regimen was
evaluated in Spain.

What was learned from this study?

Cabotegravir ? rilpivirine long-acting was
cost-effective over daily oral single-tablet
regimen ART from the Spanish National
Healthcare System perspective.

Cabotegravir ? rilpivirine long-acting
could provide a cost-effective alternative
treatment for Spanish people living with
HIV, particularly for those experiencing
challenges associated with daily oral
medication (e.g., adherence, pill burden,
or stigma), or even for treatment
preferences.
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INTRODUCTION

In the past decades, advances in antiretroviral
therapy (ART) have improved HIV-1 infection
treatment, making it a manageable condition
[1] and allowing people living with HIV (PLHIV)
to increase their life expectancy to a range that
approaches that of the general population [2].
While PLHIV’s life expectancies have improved
with ART, therapy effectiveness and quality of
life may still be reduced in some PLHIV as a
result of several challenges associated with life-
long daily oral therapy, such as adherence, pill
burden, and stigma [3–5]. By eliminating daily
oral dosing, long-acting (LA) injectable ART
may relieve PLHIV of some of these challenges
[6].

Cabotegravir ? rilpivirine (CAB?RPV) is an
integrase strand transfer inhibitor and non-nu-
cleoside reverse transcriptase inhibitor, respec-
tively, and the first complete LA injectable ART
for HIV-1 treatment [7]. Cabote-
gravir ? rilpivirine is administered via intra-
muscular injection by a healthcare professional
every 2 months (Q2M). Previous studies have
demonstrated that Q1M dosing regimens were
non-inferior to daily oral ART for maintaining
virologic suppression in PLHIV [8, 9] and that
Q2M dosing was non-inferior to Q1M dosing
[10]. Furthermore, an indirect treatment com-
parison leveraging results from FLAIR, ATLAS,
and ATLAS-2M studies demonstrated that
CAB?RPV LA Q2M was non-inferior to daily
oral ART [11]. Long-term data from the LATTE-2
(NCT02120352) study showed efficacy and
acceptable safety and tolerability of CAB?RPV
LA over approximately 5 years of treatment
[12]. On the basis of results from these studies,
CAB?RPV LA has been approved by the Euro-
pean Medicines Agency for the treatment of
HIV-1 infection in adults who are virologically
suppressed (HIV-1 RNA\ 50 copies/mL) on a
stable antiretroviral regimen without present or
past evidence of viral resistance to, and no prior
virological failure with agents of the non-nu-
cleoside reverse transcriptase inhibitor or inte-
grase inhibitor class [13, 14]. As such, CAB?RPV
LA offers an alternative to the daily oral single-
tablet regimens (STRs) that are the most

commonly used ART alternatives in Spain for
treating HIV-1 infection [15].

CAB?RPV LA has demonstrated additional
health benefits among PLHIV, such as improved
health-related quality of life (HRQoL) [8–10].
Participants in the FLAIR (NCT02938520) and
ATLAS (NCT02951052) studies reported higher
treatment satisfaction with CAB?RPV LA Q2M
compared with daily oral comparators, and
participants in the ATLAS-2M (NCT03299049)
study reported higher treatment satisfaction
with Q2M over Q1M dosing. Additionally, a
post hoc analysis on the FLAIR and ATLAS
studies revealed a utility advantage of 0.02
associated with CAB?RPV LA vs daily oral
options, as a consequence of the improvements
shown in HRQoL [16]. Moreover, a multi-crite-
ria decision analysis demonstrated that multi-
disciplinary experts in Spain perceived
CAB?RPV LA efficacy as non-inferior to daily
oral ART and that CAB?RPV LA presented
superior patient-reported outcome profiles,
including high preference for and satisfaction
with CAB?RPV LA compared with daily oral
ART [17]. Additionally, these experts considered
that CAB?RPV LA could be particularly benefi-
cial for some of the PLHIV with low adherence
or who were highly affected by HIV-associated
stigma. Overall, Spanish multidisciplinary
experts believed that CAB?RPV LA would make
a valuable alternative to HIV-1 treatment com-
pared with oral STRs. Notably, 91% of these
experts thought the CAB?RPV LA regimen
aligned with the interests and objectives of the
Spanish National Healthcare System.

Few studies have assessed the cost-effective-
ness of CAB?RPV LA compared with current
standard-of-care daily oral ART. A recent study
in a sub-Saharan setting showed that CAB?RPV
LA Q1M would be more cost-effective in PLHIV
with suboptimal adherence; these results were
also supported by a study in a US setting
[18, 19]. Additionally, a Canadian study
demonstrated CAB?RPV LA Q1M to be the
dominant intervention (more effective and less
costly) compared with daily oral regimens [20].
Here, the cost-effectiveness of CAB?RPV LA
Q2M compared with daily oral STRs was evalu-
ated from the Spanish National Health System
perspective.

Infect Dis Ther (2023) 12:2039–2055 2041



METHODS

Cost-Effectiveness Model

A previously published deterministic hybrid
Markov state-transition model was adapted to
the Spanish setting in order to evaluate the cost-
effectiveness of CAB?RPV [20]. To capture the
complexity of HIV treatment management, a
traditional Markov process was combined with
a decision-tree process, which managed treat-
ment allocation and aggregated results across
treatment lines. To differentiate between those
discontinuing for virologic and non-virologic
reasons, an internal decision process was
employed (Table S1 in the supplementary
material). The model was designed and imple-
mented in Microsoft Excel for Windows
(Microsoft Corp, Redmond, CA, USA). Most
model calculations were undertaken within
Visual Basic for Applications, and routines
coded in Visual Basic for Applications con-
trolled the modeling process around these
calculations.

The treatment pathways and health states
modeled are depicted in Fig. 1. Health states
were based on treatment line, virologic
response, and CD4? cell count, with death as an
absorbing state. Participants were subject to the
risk of AIDS-defining events and treatment-re-
lated adverse events (AEs), but not as explicit
health states. Participants were subject to the
risk of AIDS-defining events modeled as cyclical
(monthly) probabilities. The source publication
for AIDS-defining event probability over time
stated the risk of AIDS-defining events some-
times rose with increasing CD4? cell count. The
lowest probability by CD4? cell count was used,
so that improving health states did not yield
higher probabilities of AIDS-defining events, to
replicate known disease progression (Table S2 in
the supplementary material). Participants were
also subject to the risk of AEs modeled as
cyclical (monthly) probabilities while on first-
line treatment. However, only AEs related to
injection site reactions were modeled as all
other AEs were assumed equivalent between
intervention and comparators, in line with
evidence from the indirect treatment

comparison. Participants could discontinue or
change from their initial ART line because of
virologic failure (failure to maintain HIV
RNA\50 copies/mL), viral rebound (virologic
failure after initially achieving suppression), or
non-virologic reasons (Fig. S1 in the supple-
mentary material). Detailed descriptions of the
model structure, inputs, and validation have
been previously published [20].

Clinical Parameters

As a result of their similar design, results from
ATLAS and FLAIR, two phase III, randomized,
multicenter, parallel-group, non-inferiority,
open-label trials, were pooled. The pooled anal-
ysis established non-inferiority of CAB?RPV LA
Q1M compared with continuation on aba-
cavir/dolutegravir/lamivudine in FLAIR or with
continuation on current first-line daily oral
ART, excluding abacavir/dolutegravir/lamivu-
dine, in ATLAS. Additionally, ATLAS-2M, a
similarly designed phase IIIb study, showed
non-inferiority of CAB?RPV LA Q2M compared
with Q1M dosing [8–10]. Efficacy data from
these three trials were used to model the cost-
effectiveness of introducing CAB?RPV LA Q2M
in virologically suppressed PLHIV compared
with daily oral STRs currently recommended in
Spain as standard of care (Table S3 in the sup-
plementary material; a list of STR comparators
can be found in Table 1). Efficacy of ART was
measured by virologic response (HIV RNA B 50
copies/mL) and the average increase in CD4? cell
count. Probabilities of virologic and non-viro-
logic discontinuations were sourced from the
literature (Table S4 in the supplementary mate-
rial). Adverse events were incorporated via
monthly, treatment-specific probabilities and
were associated with a monthly utility decre-
ment and a per-event cost.

Healthcare Costs

Based upon a review of prior HIV cost-effec-
tiveness analyses [21], the model included
direct costs associated with ART, including
administration for injectable treatments and AE
treatment, routine healthcare use, and end-of-
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life care costs. Healthcare costs were informed
by published literature (prices from older pub-
lications were inflated to 2021 prices using the
Spanish Consumer Price Index) or public sour-
ces and validated by Spanish experts in HIV
management. Costs were applied in the model
on either a monthly or per-event basis and were
discounted at a rate of 3%. Each treatment was
associated with an acquisition cost (Table 1). In
the case of CAB?RPV LA, the publicly available
drug acquisition cost was applied for the load-
ing dose, then once Q2M starting in the month
following the loading dose. For the purpose of
modeling the daily oral ART treatment costs,
prescriptions were assumed to be fulfilled as
normal, and unused tablets were assumed to be
wasted; although in real life, all unused tablets
might not be wasted. The costs of daily oral
STRs were notified, publicly available prices;
however, a reduced level of prices was explored
through sensitivity analysis. An additional cost
derived from the treatments relevant to viro-
logic failure with or without resistance was
included. Costs associated with the manage-
ment of AEs were applied as a per-event cost in
the cycle of incidence. Routine healthcare use
costs were stratified by the model’s CD4? cell
count health states (\ 50, 50–200, 200–350,
350–500, and[500 cells/mm3) and covered all
healthcare resource use needed for the man-
agement of PLHIV in each CD4? cell count

health state. End-of-life care costs reflected the
additional resource use experienced by PLHIV
in the months before death and were applied in
the final month of life.

Adherence

In long-term data from CAB?RPV LA studies,
the observed adherence rate was 96–98%
through week 96 of follow-up [22, 23]. How-
ever, the literature indicates that suboptimal
adherence to daily oral ART is common [24–29].
Reduced adherence is associated with reduced
treatment effectiveness, leading to increased
odds of viral rebound and development of ART
resistance [26, 30]. One study reported a rela-
tionship between virologic suppression at
6 months after ART initiation and medication
possession ratio [19]. On the basis of this,
a -9.5% adherence-related adjustment was
made in the STR group to reduce the probability
of virologic suppression and increase the prob-
ability of viral rebound relative to 100% adher-
ence with CAB?RPV LA (which was based on
results showing 98% and 99% of adherence
with the Q2M and Q1M dosing, respectively, in
the ATLAS-2M trial) [10]. This base-case adher-
ence assumption on STRs comes from reducing
a figure of 25.6% taken from the Simplification
With Easier Emtricitabine Tenofovir group

Fig. 1 Treatment pathway and within-therapy health states modeled for CAB?RPV LA. AE adverse event, ADE AIDS-
defining event, ART antiretroviral regimen, CAB cabotegravir, LA long-acting, RPV rilpivirine
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[31, 32] by 63% due to evidence of better
adherence associated with STRs as compared
with open ART combinations [33]. However, a
scenario analysis without applying this differ-
ence in adherence between CAB?RPV LA and
daily oral STRs was also carried out.

HRQoL

To assess HRQoL, values from the model pub-
lished by Kauf et al. were used [34], which were
derived from five open-label studies in ART-ex-
perienced individuals and have been widely
used in HIV modeling (Fig. S2 in the supple-
mentary material); values for a Spanish HIV

population for country-specific health state
utility by CD4? cell count were not available.
For quality-adjusted life years (QALYs), a utility
advantage of 0.02 was applied for LA treatment
versus STRs on the basis of results from a
post hoc analysis of HRQoL data from ATLAS
and FLAIR studies in which SF-12 data were
used to derive SF-6D utility scores via the algo-
rithm reported by Brazier and Roberts [16, 35].
Age-dependent adjustments were added to a
patient’s starting age using a smoothing func-
tion fitted to the data to extrapolate across all
ages.

Table 1 Antiretroviral regimen costs based on list prices in Spain

Regimen Net monthly cost (WAC), € Source

CAB?RPV LA 803.14 BotPlus database [36]

Pooled daily oral STRs 767.52

Specified oral STR ART

Atripla, TDF/EFV/FTC 272.11 BotPlus database [36]

Biktarvy, BIC/FTC/TAF 906.50

Dovato, DTG/3TC 589.91

Eviplera, FTC/RPV/TDF 645.31

Genvoya, EVG/COBI/FTC/TAF 906.50

Juluca, DTG/RPV 752.52

Odefsey, DTG/FTC/TAF 645.65

Stribild, COBI/FTC/TDF/EVG 906.50

Symtuza, DRV/COBI/FTC/TAF 816.22

Triumeq, DTG/ABC/3TC 798.28

Subsequent ART

Pooled oral ART 798.87 BotPlus database [36]

Subsequent ART 1 798.87 Assumed same as pooled subsequent treatment

Subsequent ART 2

Subsequent ART 3

ABC abacavir, ART antiretroviral therapy, BIC bictegravir, CAB cabotegravir, COBI cobicistat, DRV darunavir, DTG
dolutegravir, EFV efavirenz, EVG elvitegravir, FTC emtricitabine, LA long-acting, RPV rilpivirine, STR single-tablet
regimen, TAF tenofovir alafenamide, TDF tenofovir disoproxil fumarate, WAC whole acquisition cost, 3TC lamivudine

2044 Infect Dis Ther (2023) 12:2039–2055



Statistical Analyses

Base-Case Analysis
To assess the cost-effectiveness of CAB?RPV LA
versus daily oral STRs for HIV treatment in
treatment-experienced PLHIV in Spain over a
lifetime horizon, mean values were applied to
all model inputs. Total event incidence and
discounted costs, QALYs, and life years (LYs)
were estimated per 1000 individuals for each
modeled group, in addition to incremental and
cost-effectiveness results. Cost-effectiveness was
defined in terms of the incremental cost-effec-
tiveness ratio (ICER). The base case accounted
for two key benefits of CAB?RPV LA: assump-
tion of adherence benefits with directly
administered CAB?RPV LA (100% adherence)
and the anticipated benefit of HRQoL with an
absence of disutility associated with oral
therapy.

Scenario Analysis
To explore the influence of the input parame-
ters on base-case results, several scenario anal-
yses were conducted, including variations in the
discount rates (0% and 5%), variations in costs
(-20% and ?20%), variations in costs by CD4?

cell count category (-20% and ?20%), a cost
decrease for CD4? cell count of 201–350 cells/
mm3 category (-50%), reduced pharmacologi-
cal treatment costs of STRs and CAB?RPV LA
(-38%), variations in percentage of patients
initiating CAB?RPV LA with oral lead-in (from
0 to 10%), and no adherence difference between
comparators (100% adherence assigned to daily
oral STRs as well).

Deterministic Sensitivity Analysis
To identify parameters that were influential to
the modeled results and to assess the relative
impact of changes to parameter values on
results, several deterministic sensitivity analyses
were conducted, including model settings (time
horizon, cost and benefits discounts [an annual
discount rate of 3% was applied following
Spanish recommendations for economic evalu-
ations]) [36], baseline characteristics, health
state utilities, costs, oral treatment-related
disutility, and efficacy. Each parameter was

varied individually with a percentage change
from 80% to 120% of the base-case values.

Probabilistic Sensitivity Analysis
To assess the impact of uncertainty in chosen
model input values on model results, parame-
ters were varied simultaneously in a probabilis-
tic sensitivity analysis using more than 1000
iterations. Cost and utility inputs were sampled
from gamma and beta distributions, respec-
tively, according to the means and standard
errors (Table S2 in the supplementary material).

Compliance with Ethics Guidelines

In the case of the present study, this section
does not apply, since no patient was involved as
it has been only based on published data as
inputs to the economic model which provides
results based on calculations [8–10].

RESULTS

Base-Case Analysis

The base-case analysis, with the analysis con-
ducted from the payer’s perspective, reflected a
monthly cost for CAB?RPV LA of €803 with a
3% discount applied to costs and outcomes
(Table 1). Over the lifetime horizon, CAB?RPV
LA was associated with an additional
0.27 QALYs and slightly greater lifetime costs
compared with the pooled daily STRs (€239,633
vs €235,629, respectively; cost difference,
€4003; Table 2). The ICER of CAB?RPV LA was
€15,003/QALY, below the commonly accepted
€30,000/QALY willingness-to-pay (WTP)
threshold in Spain, resulting in a cost-effective
alternative for the Spanish National Health
System (Fig. 2, red dot). Disaggregated costs by
components are presented in Table 2.

Scenario Analysis

To further explore the influence of selected
input parameters on the results of the base-case
analysis, variations in discount rates, treatment
costs, CD4? cell count health state-associated

Infect Dis Ther (2023) 12:2039–2055 2045



costs, decreased ART acquisition costs, increased
proportion of PLHIV initiating oral lead-in, and
a scenario in which CAB?RPV LA had no
adherence benefit relative to oral ART were
evaluated. Overall, all scenarios had either fur-
ther incremental or no impact on the modeled
LYs and QALYs from the base-case analysis
(Table 3), and all resulted in an ICER value
below the Spanish WTP threshold (Fig. 3).
Notably, a 0% discount rate, 20% decrease in
treatment costs, 20% increase in CD4? cell
count health state-associated costs, and 38%
decrease in acquisition costs led to an ICER
below the base-case analysis ICER (€15,003).

Deterministic Sensitivity Analysis

To explore how uncertainty in the individual
input parameters used in the model influenced
the results of the study, deterministic sensitivity
analyses with variations in individual parame-
ters were conducted (Fig. 4). The deterministic
sensitivity analyses showed that the ICER was
most sensitive to the inclusion or exclusion of

modeled adherence (lower vs upper variation,
€15,003 vs €27,381) and adherence to the daily
oral STRs (lower vs upper variation, €4401 vs
€27,381). Other influential parameters were
treatment disutility for oral rather than
injectable treatment and the cost and benefits
discounts (lower vs upper variation, €18,204 vs
€23,140; €22,564 vs €12,303; €9,593 vs €19,141;
respectively). All scenario analyses showed
consistent results, with an ICER of CAB?RPV LA
below the Spanish WTP threshold.

Probabilistic Sensitivity Analysis

To assess how second-order uncertainty in the
model parameters impacted the results of the
study, a probabilistic sensitivity analysis was
conducted. The mean estimates for lifetime
QALYs, LYs, and total costs are presented in
Table 4. Compared with pooled daily oral STRs,
CAB?RPV LA Q2M resulted in a mean addi-
tional total cost of €6416, similar to results from
the base-case analysis. Cabotegravir ? rilpivir-
ine LA generally resulted in greater QALYs

Table 2 Base-case results of discounted patient-level cost-effectiveness and discounted costs by component for CAB?RPV
LA vs daily oral STRs

Treatment Total QALYs Total LYs Total costs ICER (Cost/QALY)

CAB?RPV LA 13.51 17.99 239,632.70 –

Pooled oral STRs 13.25 17.89 235,629.33

Incremental 0.27 0.10 4003.37 15,002.96

Cost component CAB1RPV LA Pooled comparator Incremental cost

Health states 49,613.72 51,202.43 -1588.71

1st line therapy 90,822.33 77,475.06 13,347.27

1st line administration 678.50 0 678.50

Subsequent line 31,888.54 30,881.15 1007.39

Fourth line 50,632.20 60,025.97 -9393.77

AIDS-defining events 285.53 290.11 -4.58

End of life 15,653.08 15,754.60 -101.52

All costs are in euros
CAB cabotegravir, ICER incremental cost-effectiveness ratio, LA long-acting, LY life year, QALY quality-adjusted life year,
RPV rilpivirine, STR single-tablet regimen
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compared with the pooled daily STRs (mean
incremental QALYs, 0.30), with 81.4% of model
iterations falling above 0 incremental QALYs.
Overall, the probabilistic sensitivity analysis
showed that CAB?RPV LA was cost-effective
versus pooled daily oral STRs in 62.4% of sim-
ulations and dominant (both less costly and
more effective) in 0.3% of simulations (Fig. 2).

DISCUSSION

Cost-effectiveness of CAB?RPV LA Q2M versus
daily oral STRs in virologically suppressed
PLHIV was evaluated in the Spanish setting.
Overall, in accordance with other studies
[18–20], CAB?RPV LA Q2M demonstrated cost-
effectiveness compared with pooled daily oral
STRs. Specifically, this analysis accounted for
two important benefits of CAB?RPV LA:
assumption of adherence benefits and the
absence of a disutility associated with oral
therapy.

Although adherence to HIV treatment is a
key driver of real-world effectiveness of ART, it
is not generally considered in trial-based set-
tings. On the basis of previous studies

demonstrating an adherence rate of 97–98%
and because CAB?RPV LA is directly adminis-
tered by a healthcare professional [22, 23], no
adherence reduction with CAB?RPV LA was
assumed, but a 9.5% reduction in adherence on
daily oral ART was assumed. The base-case
analysis showed increased QALYs (0.27 QALYs)
and an ICER (€15,003) well below the WTP
threshold in Spain, demonstrating the cost-ef-
fectiveness of CAB?RPV LA Q2M over pooled
daily oral STRs. Variations in estimates with
lower adherence to oral therapy resulted in
greater incremental benefits to CAB?RPV LA,
indicating the long-acting therapy was even
more cost-effective than in the base-case anal-
ysis. Furthermore, when comparing CAB?RPV
LA with daily oral STRs and assuming complete
adherence to oral therapy, CAB?RPV LA
remained more cost-effective than pooled daily
oral STRs; although the ICER was higher in this
scenario than in the base-case analysis (€27,381
vs €15,003), it was below the Spanish WTP
threshold (€30,000). These results support
another study in ART-experienced PLHIV that
suggested CAB?RPV LA Q1M would be more
cost-effective in PLHIV with suboptimal adher-
ence to daily oral ART [18]. Reduced adherence

Fig. 2 Incremental cost-effectiveness ratio scatterplot for
probabilistic sensitivity analysis (gray dots) and base case
(red dot) of CAB?RPV LA versus daily oral STRs. CAB
cabotegravir, CE cost-effectiveness, CI confidence interval,

ICER incremental cost-effectiveness ratio, LA long-acting,
RPV rilpivirin, STR single-tablet regimen, QALY quality-
adjusted life year, WTP willingness-to-pay
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is associated with greater odds of virologic non-
suppression, and therefore greater risk of
onward transmission [37–39]. Although onward
disease transmission was not evaluated in this
analysis, it was assessed in a recent cost-effec-
tiveness study in a Canadian setting that
showed the benefit of reduced onward disease
transmission with CAB?RPV LA since the high
adherence demonstrated by the participants
considerably increased QALYs; this is similar to
results in this present analysis in Spain [20].
However, it should be noted that, in the general
population, not all PLHIV with daily oral sub-
optimal adherence would necessarily demon-
strate better adherence with LA treatment.

The other key benefit of CAB?RPV LA ana-
lyzed was the absence of a disutility usually
associated with daily oral therapy. The need to
adhere to lifelong oral ART is a daily reminder of
a person’s HIV status and may increase their fear
of unwanted HIV disclosure, feelings of self-

stigma, or other psychological and emotional
challenges, such as anxiety or pill fatigue [4, 40].
Additionally, treatment complications, such as
malabsorption and dysphagia, might be faced
by PLHIV who have comorbidities [41]. Alto-
gether, these challenges associated with daily
oral treatment may result in suboptimal adher-
ence, reduced effectiveness [26], and greater risk
of resistance and onward transmission [30],
potentially increasing healthcare costs [42]. In
contrast, CAB?RPV LA only requires a health-
care visit once every 2 months without a need
for PLHIV to store medication, thus decreasing
the concern of unintentional HIV status dis-
closure and reducing the impact of challenges
associated with daily oral ART. Therefore, it is
reasonable to assume that compared with LA
injectables, daily oral treatment is associated
with a degree of disutility. This assumption was
supported by a post hoc analysis based on
patient-reported outcomes in ATLAS and FLAIR

Fig. 3 Incremental cost-effectiveness ratio results of the
scenario analysis. The dashed line represents the Spanish
WTP threshold (€30,000). ART antiretroviral therapy,

ICER incremental cost-effectiveness ratio, LI oral lead-in,
QALY quality-adjusted life year, WTP willingness-to-pay
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studies, in which participants reported
improvement in treatment satisfaction and a
preference for CAB?RPV LA over daily oral ART
[8, 9]. When factoring in the utility advantage
of CAB?RPV LA in these analyses, observed
increased QALYs and ICER gain resulted in

CAB?RPV LA Q2M being cost-effective over
pooled daily oral STRs.

Finally, the sensitivity analyses performed
further supported these conclusions. Deter-
ministic sensitivity analyses indicated that the
ICER was most responsive to the variations of

Fig. 4 Incremental cost-effectiveness ratio tornado plot of
key influential parameters in the deterministic sensitivity
analyses. The dashed line represents the Spanish WTP
threshold (€30,000). ART antiretroviral therapy, CAB

cabotegravir, ICER incremental cost-effectiveness ratio, LA
long-acting, RPV rilpivirine, STR single-tablet regimen,
QALY quality-adjusted life year, WTP willingness-to-pay
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model adherence and to the treatment disutility
applied for oral rather than LA injectable treat-
ment. With similar mean incremental QALYs
and costs compared with the deterministic
analysis, the probabilistic sensitivity analyses
demonstrated that the results observed were
robust. Importantly, in all the scenarios con-
ducted, CAB?RPV LA Q2M remained under the
Spanish WTP threshold and, therefore, was cost-
effective. Of note, it is well known that the
publicly funded prices of treatments are always
lower than those published, so an assumption
was made for presenting a sensitivity analysis

that shows that the lower the pricing level is,
the more cost-effective CAB?RPV LA Q2M
would be compared with the base case.

There were some limitations to this study.
The adherence level to CAB?RPV LA was
assumed at 100% based on clinical trials show-
ing 97–98% adherence, which might not reflect
the adherence that would be seen in the general
population and did not account for potential
patients who would not show up to their
appointment; however, in the model removing
the adherence advantage of CAB?RPV LA,
results demonstrated that CAB?RPV LA was still

Table 4 Probability sensitivity analysis main outcomes

Outcome CAB1RPV LA Q2M Pooled daily oral STRs Incremental

QALYs 13.577 13.281 0.296

CD4? \50 cells/mm3 0.052 0.054 -0.002

CD4? 50–200 cells/mm3 0.283 0.307 -0.024

CD4? 200–350 cells/mm3 1.061 1.177 -0.012

CD4? 350–500 cells/mm3 2.493 2.699 -0.206

CD4?[500 cells/mm3 9.780 9.349 0.431

Treatment disutility 0.091 0.303 -0.213

AE disutility 0 0 0

ADE disutility 0.001 0.001 0

LYs 18.706 17.973 0.103

Total cost, € 363,333.31 356,917.77 6415.54

Health state costs 172,430.39 172,307.73 122.65

First-line therapy costs 102,790.86 89,347.23 13,443.63

Subsequent-line therapy costs 27,904.91 26,896.86 1008.05

Salvage therapy costs 43,524.46 52,404.27 -8879.81

AE 66.24 0 66.24

ADE 285.27 290.00 -4.73

Societal and death 15,563.28 15,671.68 -108.40

Cost-effectiveness, €

QALYs 21,637.93 – –

LYs 62,254.28 – –

AE adverse event, ADE AIDS-defining event, CAB cabotegravir, LA long-acting, LY life year, RPV rilpivirine, STR single-
tablet regimen, QALY quality-adjusted life year
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cost-effective. Additionally, this analysis was
carried out in settings in which patients were
inclined to participate in the study and receive
intramuscular injection, which may not reflect
the willingness of the general population, nor
the issues some PLHIV might experience in
regularly accessing their healthcare professional
for injections. Furthermore, as stated above, not
all PLHIV with daily oral suboptimal adherence
might demonstrate a better adherence with an
LA treatment. Therefore, the results observed in
regard to adherence should be interpreted with
these caveats in mind. Further studies focusing
on adherence in real-world settings are war-
ranted. In this study, indirect treatment com-
parison data were not used, only pooled clinical
data from ATLAS, FLAIR, and ATLAS-2M were
used; however, depending on the country, this
could be considered an advantage as some
experts/stakeholders may consider indirect
treatment comparison of lower value compared
with face-to-face clinical data. Additionally, the
model did not fully capture the utility
improvement associated with the advantages of
LA treatment. Finally, the study was based on
Spanish data, comparing CAB?RPV LA with the
most common STRs used in Spain, and dis-
counts were applied following Spanish recom-
mendations for economic evaluations;
therefore, other ART regimens used might not
have been incorporated into this model, and
conclusions drawn from these analyses might
not apply to other settings in which costs may
differ substantially.

CONCLUSION

Overall, this study demonstrated that
CAB?RPV LA Q2M could provide a cost-effec-
tive alternative treatment for PLHIV compared
with daily oral STRs in Spain. This is particu-
larly true for some subgroups of PLHIV who
would benefit the most from LA therapy, such
as those with suboptimal oral ART adherence,
those with oral treatment-associated problems,
or even those with alternative treatment
preferences.
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