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Abstract
Background

Virologic failure (VF) is still a major concern in the use of cabotegravir (CAB) and rilpivirine (RPV) long-
acting (LA) for many healthcare professionals (HCP). While many results from clinical trials have been
published, there is suspicion that they might underestimate the risk under less-controlled real-life
conditions.

This study aimed to estimate the probability of VF (primary objective) as well as discontinuation for any
reason (secondary objective) among people with HIV (PWH) on CAB and RPV LA every two months (Q2M)
in real life using Bayesian methodology.

Methods

Bayesian estimation of VF based on prior knowledge about VF and discontinuation on CAB and RPV Q2M
from randomized controlled trials (ATLAS-2M, SOLAR) and real-world data from CAB and RPV LA from a
large single-center cohort.

Results

Among 175 PWH, two (1.1%) met the criteria of VF through week 48 (W48), resulting in an estimated risk of
VF at W48 of 1.2% [0.6%; 1.9%] using Bayesian estimation. In one of the PWH, two-class resistance was
observed at the time of VF, most likely being therapy emerging.

The probability of discontinuation for any reason by W48 was 21.4%, leading to a Bayesian risk estimate of
8.9% [7.3%; 10.5%]. The main reasons for discontinuation were injection-site reactions (n=10).

Conclusions

Risk of VF on CAB and RPV LA under real-life conditions seems to be comparable to results in clinical trials.
This finding can be reassuring for both PWH and HCPs considering CAB and RPV LA as an alternative to oral
antiretroviral treatment, particularly when considering the risk factors for VF that have been identified from
the cases of VF in the clinical trials for patient selection.

At the same time, rates of discontinuation may be considerably higher. However, this does not seem to be an
indicator of a worse safety profile outside clinical trials, but probably could be the result of making CAB and
RPV LA available to a wider population of PWH.

Categories: Internal Medicine, HIV/AIDS
Keywords: dual antiretroviral therapy, hiv-1, injection-site reaction, long-acting injectable, real-world data, virologic
failure

Introduction

Cabotegravir (CAB) and rilpivirine (RPV) long-acting (LA) have become the first complete non-oral
antiretroviral therapy (ART) regimen, approved for routine use in people with HIV (PWH) without resistance
toward non-nucleoside/nucleotide reverse transcriptase (NNRTT) or integrase inhibitors (INI) or a history of
virologic failure (VF) under an INI- and/or NNRTI-containing regimen.

While for many, CAB and RPV LA is a promising regimen for PWH struggling with daily intake of ART for
various reasons, it is also faced with considerable skepticism, particularly from healthcare providers. There is
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concern about the ability of PWH to hold appointments in a time frame of +7 days around the due day of the
injection [1], in order to avoid sub-therapeutic drug concentrations that could favor the development of
resistance. Adding to this concern, the development of VF with and without therapy-emerging resistance
has been observed in the clinical trial program [2-5]. Another specific concern around injected drugs is the
occurrence of injection-site reactions (ISRs) that might contribute to high rates of discontinuation.

This study aimed to estimate the probability of VF in particular, as well as discontinuation for any reason in
general based on data from two-monthly (Q2M) CAB and RPV LA in a real-world cohort, incorporating prior
findings from the Q2M arm of the ATLAS-2M, as well as the SOLAR trials [3,6], using Bayesian methodology.

Materials And Methods
Study design

A retrospective, single-center, longitudinal, observational study in a large outpatient HIV research and
clinical care center (Medizinisches Versorgungszentrum Miinchen am Goetheplatz) in Munich, Germany.
The use of anonymized clinical routine data from a single center did not require the Ethics Committee’s
approval.

Inclusion and exclusion criteria

The inclusion criterion was having received at least one dose of CAB and RPV LA after December 2020;
people being on CAB and RPV for less than 48 weeks and who had not experienced VF or discontinuation for
any reason, people participating in clinical trials, or who never received at least one dose of CAB and RPV
LA were excluded from the analysis.

Objectives and outcome measures

The primary outcome measure was VF (two consecutive plasma HIV1-RNA concentrations >200 copies/mL
and/or discontinuation due to virologic inefficacy). Primary and secondary objectives were the estimation of
the probabilities of VF and discontinuation for any reason at week 48 (W48) after CAB and RPV LA initiation,
respectively.

Statistics

Using Bayesian methodology, the likelihoods of VF and discontinuation in the study were assumed to follow
binomial distributions, with the risk set containing all PWH who had a follow-up of at least 48 weeks after
initiation or discontinued before W48 (for reasons of comparability to the results from the snapshot analyses
on the intention-to-treat-exposed (ITT-E), which were used for the construction of the prior). Conjugate
beta priors were derived from the combined W48 results of the Q2M arm in ALTAS-2M [6], as well as the
SOLAR [3] trial with the ITT-E population as the risk set for VF and discontinuation at W48, respectively. The
beta-binomial posterior distributions were approximated using Markov-Chain Monte Carlo methods with
5,000 iterations and a burn-in period of 1,000 for each of 10 chains. Mixing was investigated visually using
trace plots while the stationarity of the chains was tested using Gelman-Rubin’s diagnostic for multiple
chains. More details on the methodology can be found in the Appendix. Sensitivity analyses were performed
using priors from ATLAS-2M (pessimistic approach) as well as SOLAR (optimistic approach) only (e.g.
without combining the findings).

All analyses were performed using R 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria). For all
analyses, parameter estimates together with 95% highest posterior density credibility intervals were
calculated. Sensitivity analyses were performed by using both, an optimistic as well as a pessimistic prior
based on the published data.

Results

Overall, 237 PWH were prescribed CAB and RPV between December 2020 and October 2023; 175 remained
after applying inclusion and exclusion criteria (Figure /) and were used as the risk set for the primary
analysis (Table 7). Most PWH initiating CAB and RPV had HIV-1 RNA <50 copies/mL; the highest HIV-1 RNA
at first injection was found to be 82 copies/mL.
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FIGURE 1: Sequential application of inclusion and exclusion criteria for
patient selection.

CAB: cabotegravir; RPV: rilpivirine; LA: long-acting.
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n
Age (years), median (IQR) 45 (36; 53) 175
Sex (male), n (%) 149 (85.1%) 175
Ethnicity (Caucasian), n (%) 132 (75.4%) 175
Route of transmission (MSM), n (%) 91 (79.1%) 115
Prior exposure to NNRTIs, n (%) 83 (47.4%) 175
Prior exposure to INIs, n (%) 144 (82.3%) 175
HIV1-RNA <50 copies/mL at first injection, n (%) 148 (98.7%) 150
CD4 cells at first injection (cells/pL), n (%) 746 (587; 975) 150
CD4 nadir (cells/uL), median (IQR) 323 (168; 427) 88
History of AIDS (yes), n (%) 9 (7.3%) 124
HIV-1 subtype (B), n (%) 78 (73.3%) 101

TABLE 1: Characteristics of the risk set for the primary objective at the time of first injection.

CD4: cluster of differentiation 4; INI: integrase inhibitor; MSM: man who has sex with men; NNRTI: non-nucleoside/nucleotide reverse transcriptase
inhibitor.

Based on the results from the Q2M arm of ATLAS-2M and SOLAR trials, a 8 (12, 973) distribution was
derived as the prior (details can be found in the Appendix). In our study sample, two PWH (1.1%) met the
criteria of VF through W48 (occurring at months 5 and 9, respectively), resulting in a binomial (175, 0.011)
likelihood, leading to a posterior probability of VL at W48 of 1.2% [0.6%; 1.9%].

For the secondary objective, i.e. discontinuation for any reason through W48, three PWH were excluded, who
had planned to have a one-time CAB and RPV LA application only. Based on the reported discontinuation, a
B (71, 910) distribution was derived as the prior (details can be found in the Appendix). In our study, 37
(21.4%) discontinued by W48, resulting in a binomial (172, 0.214) likelihood, leading to a posterior
probability of discontinuation at W48 of 8.9% [7.3%; 10.5%].

Reasons for discontinuation are displayed in Table 2. Among the local side effects, there was one abscess
that led to discontinuation, while all other ISRs were pain with or without swelling and reddening and in
general not severe (n=10). Among the systemic side effects, there was one immediate reaction to the
injection that was considered either allergic or due to inadvertent intravascular injection. Other systemic
side effects were headaches (n=1), worsening of a depressive episode (n=2), fatigue (n=1), impaired liver
function tests (n=1), as well as pyrexia (n=1). Two discontinuations were due to suspected adverse events
without further information. Preemptive discontinuation included discontinuation for previously unnoticed
proviral resistance with a possible effect on RPV and/or CAB (n=6), problems in adherence (n=1), and long-
time unavailability of injections (n=2). The recorded death was not ART-related and occurred in a state of
advanced malignant disease.
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n (%)

Local side effects 11 (29.7)
Systemic side effects 9(24.3)
Preemptive discontinuation 9(24.3)
Patient preference 4 (10.8)
Virologic failure 2(5.4)
Potential drug-drug interaction with comedication 1(2.7)
Death 1(2.7)

TABLE 2: Reasons for discontinuation of cabotegravir and rilpivirine.

For a Bayesian sensitivity analysis, we varied the prior assumptions as follows: For a conservative approach
to estimating the rate of VF, the prior was only based on the Q2M arm of the ATLAS-2M trial, which led to a
posterior probability of VF of 1.6% [0.7%; 2.5%] while basing the analysis on the prior information from
SOLAR only, it resulted in 1.0% [0.3%, 1.7%].

Discussion

Our findings support the notion of VF being a rare event under CAB and RPV LA Q2M even outside clinical
trials with two out of 175 PWH (1.1%) in the study sample fulfilling the criteria at W48. As estimating an
incidence of rare events is generally imprecise, Bayesian methodology lends itself to estimating a probability
of VF, taking previous information from clinical trials and our real-world findings into account. Combining
the pooled prior knowledge with our data in a Bayesian manner, an updated probability of VF of 1.2% [0.6;
1.9] was estimated. This implies that VF does not occur more often in clinical routine than in clinical trials.
During the 2024 Conference on Retroviruses and Opportunistic Infections and in medical journals, several
data were published, reporting rates of VF under CAB/RPV LA in real-life settings as well as a clinical trial in
Africa of 0.4-4.0% [7-10]. These findings might be highly relevant in decision-making for CAB and RPV LA,
as a frequent concern particularly among healthcare professionals might be the fear of a (much) higher rate
of VF in the real world and lead to the fact that fewer people are given the possibility to profit from LA as an
alternative to oral ART.

For discontinuation for any reason, rates of 6.9% and 9.5% were reported in ATLAS-2M and SOLAR through
W43, respectively, while we observed a discontinuation rate as high as 21.4%. The discrepancy is, however,
probably not surprising and can very likely be related to a stricter selection of PWH that enter clinical trials.
Offering the possibility to experience CAB and RPV LA in clinical routine more widely to PWH who
demonstrate interest, probably despite some doubts, will therefore very likely lead to a higher rate of
discontinuation. We do not see the increased rate of discontinuation as a sign of an adverse safety profile in
clinical routine; the degree of ISRs that contributed most to the discontinuations was not more severe than
in the center’s long-standing experience in clinical trials but led more often to discontinuation.

Our study has several limitations. Despite having a considerable number of PWH on CAB and RPV LA
included in this analysis, the sample size is still small compared to the ATLAS-2M and SOLAR trials.
Therefore, the impact of the real-world findings is dominated by the prior, which in particular for the
question on discontinuation might be relevant, as prior and study data lead to markedly different results and
are therefore in conflict to some extent. Furthermore, being a single-center experience, our data may not
reflect the heterogeneity of real-world conditions throughout different centers. In particular, being a center
with early implementation and a very patient-centered approach to medical care with a liberal attitude
toward innovations, a higher rate of discontinuation might have been expected with a higher number of
PWH being given the opportunity to experience CAB and RPV LA even in cases where people might have
been unsure. Also, it must be kept in mind that many people were taken off CAB and RPV preemptively due
to previously unknown findings (including pre-existing resistance-associated mutations in proviral
resistance tests); one might (rightfully) argue that these people might not have been started on CAB and
RPV LA in the first place and that these PWH contributed relevantly to the excess probability of
discontinuation. Further research might use bigger cohorts with a wider variety of PWH but also clinical
settings to obtain more robust estimates of both VF as well as discontinuation for any reason.

Conclusions

Our data demonstrate that the rate of VF in the real world does not seem to exceed the expectations derived
from the results of clinical trials, despite a less-controlled setting and a more diverse population given the
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opportunity to experience CAB and RPV LA. While there might therefore be higher rates of discontinuation,
they are not driven by high rates of VF or severe adverse events. The most frequent reasons for
discontinuation were ISRs and patient decisions, which could be seen as the result of balanced, informed
decisions of PWH, in whom the benefit of LA therapies does not outweigh their downsides; this remains,
however, speculative. On the other hand, several preemptive discontinuations (for example, due to medical
details that only got available after the switch, such as resistance tests) might have led to a higher rate of
discontinuation in real life than in clinical trials; in the setting of a clinical trial, these patients would very
likely not have entered the trial in the first place. A more detailed comparison between the real-world data
and the clinical trial data could be used to investigate whether the "threshold for discontinuation"” is lower in
real life than in the clinical trials or if the safety profile of CAB and RPV LA is adverse in clinical

routine. While the analyses are dominated by the prior probabilities due to the high number of PWH included
in the underlying trials, it seems recommendable to collect further real-world data from a broader range of
PWH from multicenter cohorts to obtain a more stable estimate for both efficacy and safety of CAB and RPV
in clinical routine.

Appendices

General procedure of the development of the prior distribution used in
the study

In the first step, the prior probability distributions from the previously published results of ATLAS-2M (Q2M
arm) were combined with the likelihood of the SOLAR trial (both at W48) for each of the endpoints
separately. Parameters for the beta distribution were calculated as x + 1 and N-x+1, with N being the risk set
and x being the number of events. The resulting beta distribution was then used as the conjugate prior for
the binomial likelihood of the data from the study sample collected in this study. The combination of the two
resulted in a final beta distribution that was used for inference (Figure 2).

Step 1 Step 2
3
ATLAS-2M
j;\ Beta prior distribution ~
= 7 7
Intermediate
~ !
K Beta posterior
SOLAR distribution
”l] N / Final
Binomial likelihood |
_D g Dﬂm Beta posterior I:> Inference
Ve distribution
7 Own data h
I]HDD Binomial likelihood
& J

J

FIGURE 2: Flow chart on the step-by-step application of Bayesian
methodology to obtain a final estimate for the probabilities of virologic
failure and discontinuation based on the results of two clinical trials
(ATLAS-2M and SOLAR) and the data obtained from the study sample of
the current study.

Development of the prior distribution for the primary objective
(virologic failure)

In the two-monthly dosing arm of the ATLAS-2M trial, eight PWH with VF were reported at week 48 out of
the ITT-E population (n=522), translating into a (9, 515) prior. The likelihood was derived from the 48-
week result of the SOLAR trial (mITT-E), resulting in a B(454, 0.0066) distribution. A beta-distribution was
fitted to the resulting posterior, using maximum likelihood, resulting in the parameter estimates 0=12 and
B=973. This posterior distribution was used as the updated prior for the data analysis from the observations
in the study.
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FIGURE 3: lllustration of the fit of the beta distribution of the probability
of virologic failure with parameters a=12 and = 973 to the posterior
distribution of the combined findings from ATLAS-2M and SOLAR.

CDF: cumulative distribution function; P-P: probability-probability; Q-Q: quantile-quantile.

Development of the prior distribution for the secondary objective
(discontinuation)

In the two-monthly dosing arm of the ATLAS-2M trial, 36 PWH discontinued CAB/RPV LA through week 48
out of the ITT-E population (n=522), translating into a (35, 489) prior. The likelihood was derived from the
48-week result of the SOLAR trial (mITT-E), resulting in a B(454, 0.0793) distribution. A beta-distribution
was fitted to the resulting posterior, using maximum likelihood, resulting in parameter estimates a=71 and
=910. This posterior distribution was used as the updated prior for the data analysis from the observations
in the study.
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FIGURE 4: lllustration of the fit of the beta distribution of the probability
of discontinuation with parameters a=71 and =910 to the posterior
distribution of the combined findings from ATLAS-2M and SOLAR.

CDF: cumulative distribution function; P-P: probabilitiy-probability; Q-Q: quantile-quantile.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Sebastian Noe

Acquisition, analysis, or interpretation of data: Sebastian Noe, Anna Ivanova, Farhad Schabaz, Ariane E.
von Krosigk, Carmen Wiese, Eva Wolf, Celia Jonson-Oldenbuettel

Drafting of the manuscript: Sebastian Noe, Anna Ivanova

Critical review of the manuscript for important intellectual content: Sebastian Noe, Anna Ivanova,
Farhad Schabaz, Ariane E. von Krosigk, Carmen Wiese, Eva Wolf, Celia Jonson-Oldenbuettel

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Animal subjects: All authors have confirmed that this study did not involve
animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: Sebastian Noe, Farhad
Schabaz, Ariane von Krosigk, Carmen Wiese, Eva Wolf, Celia Jonson-Oldenbuettel declare(s) personal fees
and Support for medical education from Gilead Sciences. Sebastian Noe, Farhad Schabaz, Ariane von
Krosigk, Carmen Wiese, Eva Wolf, Celia Jonson-Oldenbuettel declare(s) personal fees and Support for
medical education from ViiV Healthcare. Sebastian Noe, Eva Wolf, Celia Jonson-Oldenbuettel declare(s)
personal fees and Support for medical education from MSD. Sebastian Noe, Anna Ivanova, Farhad Schabaz,
Ariane von Krosigk, Carmen Wiese, Eva Wolf, Celia Jonson-Oldenbuettel declare(s) Support for medical
education from Janssen-Cilag. Other relationships: All authors have declared that there are no other

2025 Noe et al. Cureus 17(1): €76829. DOI 10.7759/cureus.76829 8 of 9


https://assets.cureus.com/uploads/figure/file/1351877/lightbox_3dbc7f70c71c11efa09533532b9932b5-Fig-4.png

Cureus

Part of SPRINGER NATURE

relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
The data can be made available upon reasonable request and approval by an ethics committee via the
corresponding author.
References
1. Garris CP, Czarnogorski M, Dalessandro M, et al.: Perspectives of people living with HIV-1 on

10.

implementation of long-acting cabotegravir plus rilpivirine in US healthcare settings: Results from the
CUSTOMIZE hybrid III implementation-effectiveness study. ] Int AIDS Soc. 2022, 25:e26006.
10.1002/jia2.26006

Orkin C, Bernal Morell E, Tan DHS, et al.: Initiation of long-acting cabotegravir plus rilpivirine as direct-to-
injection or with an oral lead-in in adults with HIV-1 infection: Week 124 results of the open-label phase 3
FLAIR study. Lancet HIV. 2021, 8:668-78. 10.1016/52352-3018(21)00184-3

Ramgopal MN, Castagna A, Cazanave C, et al.: Efficacy, safety, and tolerability of switching to long-acting
cabotegravir plus rilpivirine versus continuing fixed-dose bictegravir, emtricitabine, and tenofovir
alafenamide in virologically suppressed adults with HIV, 12-month results (SOLAR): A randomised, open-
label, phase 3b, non-inferiority trial. Lancet HIV. 2023, 10:e566-77. 10.1016/52352-3018(23)00136-4
Swindells S, Andrade-Villanueva J-F, Richmond GJ, et al.: Long-acting cabotegravir and rilpivirine for
maintenance of HIV-1 suppression. N Engl ] Med. 2020, 382:1112-23. 10.1056/NEJMOA1904398

Overton ET, Richmond G, Rizzardini G, et al.: Long-acting cabotegravir and rilpivirine dosed every 2 months
in adults with human immunodeficiency virus 1 type 1 infection: 152-Week results from ATLAS-2M, a
randomized, open-label, phase 3b, noninferiority study. Clin Infect Dis. 2023, 76:1646-54.
10.1093/cid/ciad020

Overton ET, Richmond G, Rizzardini G, et al.: Long-acting cabotegravir and rilpivirine dosed every 2 months
in adults with HIV-1 infection (ATLAS-2M), 48-week results: A randomised, multicentre, open-label, phase
3b, non-inferiority study. Lancet. 2021, 396:1994-2005. 10.1016/S0140-6736(20)32666-0

Liegeon G: Injectable Cabotegravir/Rilpivirine Reach and Effectiveness in a South Side Chicago HIV Clinic,
Abstract #1236, CROL. 2024.

Aziz M: Virologic Failure With Cabotegravir-Rilpivirine Injections: A Single-Site Experience, Abstract #686,
CROL. 2024.

Eron JJ: Real-World Utilization of Cabotegravir + Rilpivirine in the US: Data From Trio Health Cohort,
Abstract #625, CROI. 2024.

Kityo C, Mambule IK, Musaazi ], et al.: Switch to long-acting cabotegravir and rilpivirine in virologically
suppressed adults with HIV in Africa (CARES): Week 48 results from a randomised, multicentre, open-label,
non-inferiority trial. Lancet Infect Dis. 2024, 24:1083-92. 10.1016/51473-3099(24)00289-5

2025 Noe et al. Cureus 17(1): €76829. DOI 10.7759/cureus.76829

90f9


https://dx.doi.org/10.1002/jia2.26006
https://dx.doi.org/10.1002/jia2.26006
https://dx.doi.org/10.1016/S2352-3018(21)00184-3
https://dx.doi.org/10.1016/S2352-3018(21)00184-3
https://dx.doi.org/10.1016/S2352-3018(23)00136-4
https://dx.doi.org/10.1016/S2352-3018(23)00136-4
https://dx.doi.org/10.1056/NEJMOA1904398
https://dx.doi.org/10.1056/NEJMOA1904398
https://dx.doi.org/10.1093/cid/ciad020
https://dx.doi.org/10.1093/cid/ciad020
https://dx.doi.org/10.1016/S0140-6736(20)32666-0
https://dx.doi.org/10.1016/S0140-6736(20)32666-0
https://www.croiconference.org/abstract/injectable-cabotegravir-rilpivirine-reach-and-effectiveness-in-a-south-side-chicago-hiv-clinic/
https://www.croiconference.org/abstract/virologic-failure-with-cabotegravir-rilpivirine-injections-a-single-site-experience/
https://www.croiconference.org/abstract/real-world-utilization-of-cabotegravir-rilpivirine-in-the-us-data-from-trio-health-cohort/
https://dx.doi.org/10.1016/S1473-3099(24)00289-5
https://dx.doi.org/10.1016/S1473-3099(24)00289-5

	Bayesian Estimation of the Probability of Virologic Failure on Cabotegravir and Rilpivirine Long-Acting in Real Life
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study design
	Inclusion and exclusion criteria
	Objectives and outcome measures
	Statistics

	Results
	FIGURE 1: Sequential application of inclusion and exclusion criteria for patient selection.
	TABLE 1: Characteristics of the risk set for the primary objective at the time of first injection.
	TABLE 2: Reasons for discontinuation of cabotegravir and rilpivirine.

	Discussion
	Conclusions
	Appendices
	General procedure of the development of the prior distribution used in the study
	FIGURE 2: Flow chart on the step-by-step application of Bayesian methodology to obtain a final estimate for the probabilities of virologic failure and discontinuation based on the results of two clinical trials (ATLAS-2M and SOLAR) and the data obtained from the study sample of the current study.

	Development of the prior distribution for the primary objective (virologic failure)
	FIGURE 3: Illustration of the fit of the beta distribution of the probability of virologic failure with parameters α=12 and β= 973 to the posterior distribution of the combined findings from ATLAS-2M and SOLAR.

	Development of the prior distribution for the secondary objective (discontinuation)
	FIGURE 4: Illustration of the fit of the beta distribution of the probability of discontinuation with parameters α=71 and β=910 to the posterior distribution of the combined findings from ATLAS-2M and SOLAR.


	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


