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Effectiveness of bi-monthly long-acting injectable
cabotegravir and rilpivirine as maintenance treatment for
HIV-1 in the Netherlands: results from the Dutch ATHENA
national observational cohort

Vita W Jongen, Ferdinand W N M Wit, Anders Boyd, Arne van Eeden, Annemarie E Brouwer, Robert Soetekouw, Rachida El Moussaoui,
Janneke Stalenhoef, Kim C E Sigaloff, Tatiana Mudrikova, Jet Gisolf, David Burger, Annemarie M | Wensing, Marc van der Valk, on behalf of the
ATHENA National Observational HIV Cohort™*

Summary

Background Real-world data showing the long-term effectiveness of long-acting injectable cabotegravir and rilpivirine
are scarce. We assessed the effectiveness of cabotegravir and rilpivirine in all individuals who switched to cabotegravir
and rilpivirine in the Netherlands.

Methods We used data from the ATHENA cohort, an ongoing observational nationwide HIV cohort in the Netherlands.
In the primary analysis, we matched individuals who commenced cabotegravir and rilpivirine and had no history of
virological failure (ie, one or more measurements of a plasma HIV RNA =1000 copies per mL; hereafter referred to as
exposed) 1:2 with individuals using oral antiretroviral therapy (ART; hereafter referred to as unexposed). We assessed
the effectiveness of cabotegravir and rilpivirine using restricted mean survival time (RMST) until loss of virological
control (one or more measurements of plasma HIV RNA =200 copies per mL). In the secondary analysis, we assessed
loss of virological control in individuals who commenced cabotegravir and rilpivirine with previous virological failure
or unsuppressed HIV-1 RNA at cabotegravir and rilpivirine initiation, or both.

Findings In primary analysis, 585 exposed and 1170 unexposed individuals were included between Feb 27, 2018, and
Aug 17, 2023. Median follow-up was 1-3 years (IQR 0-9 to 1-7). 14 exposed (2%) and 29 unexposed (2%) individuals
had a loss of virological control, with no difference in RMST (difference=0-026, 95% CI -0-029 to -0-080).
Seven (50%) exposed individuals re-suppressed without a regimen change. Seven (50%) switched ART, and six (43%)
of 14 had documented integrase strand transfer inhibitor (INSTI) or non-nucleoside reverse transcriptase inhibitor
(NNRTI) resistance. No unexposed individuals switched ART after loss of virological control. In the secondary
analysis, 105 individuals were included between July 1, 2016, and Aug 17, 2023. During a median follow up of 1-4 years
(IQR 0-8 to 1-8), nine (9%) had a loss of virological control, of which five (56%) had INSTI or NNRTI resistance.

Interpretation Switching to cabotegravir and rilpivirine was not associated with a higher risk of loss of virological
control among individuals without previous virological failure compared with oral ART. The high risk of loss of
virological control among individuals with previous virological failure or an unsuppressed HIV-1 RNA at cabotegravir
and rilpivirine initiation warrants more careful monitoring.

Funding Dutch Ministry of Health, Welfare, and Sport.

Copyright © 2025 Elsevier Ltd. All rights reserved, including those for text and data mining, Al training, and similar
technologies.

Introduction Therapeutic options, including long-acting injectable

The introduction of combination antiretroviral therapy
(ART) has significantly decreased the morbidity and
mortality rates of HIV, and transformed HIV into a
manageable chronic condition. Typically, ART is offered
as a daily oral dual or triple drug combination, which
requires high levels of adherence for durable virological
suppression. However, adherence might be challenged by
the fear of stigma or disclosure and the burden of daily
pill-taking."* Decreased adherence can subsequently lead
to a rebound in viraemia and increased risk of selection of
resistance mutations and onward HIV transmission.**

ART, could be of interest to those confronted with these
challenges.®” Several clinical trials have shown the efficacy
of injectable cabotegravir, an integrase strand transfer
inhibitor (INSTI), in combination with rilpivirine, a non-
nucleoside reverse transcriptase inhibitor (NNRTI), as
maintenance treatment for HIV.** Both a monthly and a
bi-monthly treatment regimen have been proven non-
inferior to oral ART®" up to 152 weeks after initiation.”"
Although uncommon, the presence of at least two of the
following factors at the initiation of cabotegravir and
rilpivirine treatment increases the risk of virological
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Research in context

Evidence before this study

Large clinical trials have shown the long-term effectiveness of
injectable cabotegravir in combination with rilpivirine as
maintenance treatment for HIV in well suppressed individuals
without a previous virological failure. Both a once a month and
once every 2 months treatment regimens were non-inferior to
oral antiretroviral therapy (ART). To date, there are few data on
the real-world effectiveness of long-acting cabotegravir and
rilpivirine, especially for individuals with a previous virological
failure or adherence challenges. We searched PubMed on

April 23, 2024, with no language or date restrictions, using the
terms [“HIV”] AND [“cabotegravir”] AND [ “rilpivirine”]. We
found eight publications describing the real-world effectiveness
of long-acting cabotegravir and rilpivirine in a single-group
design, of which four described the effectiveness of this
treatment among individuals with a previous virological failure
or adherence problems. Most studies reported data from a
single centre and had small sample sizes. The real-world
effectiveness of cabotegravir and rilpivirine compared with an
oral ART regimen is unclear.

Added value of this study

Using data from the ATHENA cohort, consisting of data from
more than 98% of all individuals with HIV in care in the
Netherlands, we compared the effectiveness of cabotegravirand
rilpivirine in well suppressed people with HIV without a previous
virological failure, with individuals continuing standard oral ART.
To this end, we matched 585 eligible exposed individuals who

failure: pre-existing rilpivirine resistance-associated
mutations (RAMs), A6 HIV subtype, or a BMI of 30 kg/m?
or higher” In the Netherlands, long-acting cabotegravir
and rilpivirine have been available since June 2021 as a
bi-monthly treatment regimen. Previously, cabotegravir
and rilpivirine were available in clinical trial settings.

Although clinical trials have shown long-term efficacy,*
real-world data on the effectiveness of long-acting
cabotegravir and rilpivirine are few.*™ Thus far, clinical
trials have included people with HIV without a history of
treatment failure and only two small observational cohort
studies have reported on the effectiveness of cabotegravir
and rilpivirine in individuals with previous virological
failure or adherence challenges.® This absence of data
limits the generalisability to people with HIV who might
benefit the most from long-acting ART—namely, those
with decreased adherence or a history of multiple
treatment failure.

We aimed to assess the loss of virological control and
confirmed virological failure among people with HIV
using long-acting cabotegravir and rilpivirine with no
previous virological failure (ie, no previous plasma HIV
RNA =1000 copies per mL followed by a regimen change
or detected RAMs, or both) and compared this with a
matched group of individuals using a standard ART
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switched to cabotegravir and rilpivirine to 1170 unexposed
individuals continuing oral ART. Our results showed that aftera
median of 1.3 years of follow-up, the risk of loss of virological
control on cabotegravir and rilpivirine was similar to that among
individuals continuing standard ART. Among the 14 exposed
individuals who had a loss of virological control on cabotegravir
and rilpivirine (2%), six had a confirmed virological failure with
major integrase strand transfer inhibitor or non-nucleoside
reverse transcriptase inhibitor resistance-associated mutations
(RAMs) at the time of failure. None of the 29 individuals with a
loss of virological control in the unexposed group (2%) had
RAMs at time of failure. Additionally, we assessed the
effectiveness of cabotegravir and rilpivirine in a separate cohort
consisting of individuals with previous virological failure or a
detectable HIV-1 RNA at cabotegravir and rilpivirine initiation.
Loss of virological control in this study population (n=105) was
substantially higher (9%). This study is the first real-world
nationwide study to compare cabotegravir and rilpivirine with a
standard oral ART. Our study fills an important gap regarding the
unclear real-world effectiveness of cabotegravir and rilpivirine.

Implications of all the available evidence

Switching to cabotegravir and rilpivirine in well suppressed
people with HIV without a previous virological failure is

a durable and effective treatment option in a real-world
setting. Among individuals with previous treatment failure or
a detectable HIV-1 viral load, the risk of loss of virological
control is considerably higher.

regimen using data from a national cohort of people with
HIV. Furthermore, we assessed the effectiveness of
cabotegravir and rilpivirine specifically in individuals
with previous virological failure or a detectable HIV-1
RNA, or both, at the initiation of cabotegravir and
rilpivirine.

Methods
Study design
In the Netherlands, HIV care is provided by 24 designated
treatment centres across the whole country. The HIV
Monitoring Foundation (Stichting HIV Monitoring) is
tasked by the Dutch Ministry of Healthcare, Welfare and
Sports to monitor and report on all aspects of HIV care
for people with HIV in the Netherlands. Data collection
was initiated in 1998 and data are prospectively collected
in the AIDS Therapy Evaluation in the Netherlands
(ATHENA) cohort, which captures data from more than
98% of all people with HIV in care in the Netherlands.”
People entering HIV care received written material
about participation in the ATHENA cohort, after which
they were asked to consent verbally to the use of their
routinely collected medical data for research and
monitoring (opt-in procedure). Participants could
withdraw their consent at any time. Data collection was
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approved by the boards of all participating centres. Only
routinely collected data were used for this analysis and
therefore no additional review or consent were required.

Participants

For the present study, we included all individuals who
initiated cabotegravir and rilpivirine from Feb 27, 2018, to
Aug 17, 2023. Data collection for ATHENA is continuous,
but we used clinical data collected from Feb 27, 2018, to
Feb 14, 2024. An oral lead-in with once per day 30 mg
cabotegravir and 25 mg rilpivirine for at least 28 days was
optional. An initial intramuscular injection of 600 mg
cabotegravir and 900 mg rilpivirine was administered,
after which the second 600 mg cabotegravir and 900 mg
rilpivirine injection was administered 1 month later and
all subsequent injections administered once every
2 months. Injections could be administered within 7 days
from the scheduled injection dates, according to the
registration label.”

In the primary analysis, we conducted an exposure-
matched study and included individuals on the basis of
the following inclusion criteria: no episodes of virological
failure before cabotegravir and rilpivirine initiation (ie, no
previous plasma HIV RNA =1000 copies per mL followed
by a regimen change and no detected INSTI or NNRTI
RAMs), their first ART regimen was not cabotegravir and
rilpivirine, their last measured HIV-1 RNA viral load
before cabotegravir and rilpivirine initiation was less than
200 copies per mL, a standard dual or triple ART regimen
was used before cabotegravir and rilpivirine initiation, and
they were 18 years of age or older. These individuals are
hereafter referred to as exposed. We matched all exposed
individuals 1:2 to people with HIV on standard-of-care oral
ART (hereafter referred to as unexposed). Unexposed
individuals were eligible for matching when they had a
routine clinical visit with a viral load measurement within
3 months of the date that the matched exposed individual
switched to cabotegravir and rilpivirine and had no
episodes of virological failure before the matching date.
Matching was done on the following variables: ART class
of the anchor drug, age, sex at birth, HIV acquisition
category (through sexual contact with same or opposite
sex), time since ART initiation (categorised into 6-month
periods), lowest pre-ART CD4 cell count (categorised as
<200 cells per pL, 200499 cells per pL, or =500 cells
per pL), and highest pre-ART viral load (categorised as
<100000 or =100000 copies per mL). Exposed individuals
using a dual regimen without an NRTI were matched to
unexposed individuals also using a dual regimen. If
pre-ART CD4 cell counts were missing, the CD4 cell count
measured at study entry was used (using the same
categories). If pre-ART viral load was missing, pre-ART
viral load was not taken into account in the matching. We
used exact matching for all variables, except for age
(matched on closest age within 5 years). In the secondary
analysis, we included individuals who commenced
cabotegravir and rilpivirine off-label and had previous

virological failure or unsuppressed HIV-1 RNA, or both, at
cabotegravir and rilpivirine initiation.

Procedures

At enrolment into the ATHENA cohort, the following
demographic information was collected: year of birth,
country of birth, sex assigned at birth, gender identity (if
different from sex at birth), and most likely transmission
route of HIV (eg, sexual contact). Information about the
date of HIV diagnosis was retrieved from the referral
letter of the general practitioner or Centre for Sexual
Health, from health records in the HIV treatment centre,
or self-reported if no documentation was available.

Data on CD4 cell count, plasma HIV-1 RNA, and
changes in ART were collected by trained clinical research
associates in cooperation with HIV-treating physicians
using an extensive, standardised protocol or imported
directly from clinical records from all visits. HIV-1
sequence analysis was interpreted with the International
Antiviral Society USA resistance tables” and the Comet
subtype tool.”? The resistance score was calculated using
the Stanford algorithm. Information on the type of needle
used for the intramuscular injections, genotypic resistance
test results (if not present in the dataset), and cabotegravir
and rilpivirine drug concentrations were extracted
manually from the clinical records of all individuals who
had aloss of virological control. In a steady state, the mean
population trough concentration is 1-6 mg/L for
cabotegravir and 0-066 mg/L for rilpivirine. The first
quartile is 1-12 mg/L for cabotegravir and 0-032 mg/L for
rilpivirine. Cabotegravir and rilpivirine concentrations of
less than their respective first quartile were classified as
subtherapeutic.'

Statistical analysis

We defined baseline as the start date of cabotegravir and
rilpivirine treatment for exposed individuals and the clinic
visit date closest to the matched cabotegravir and
rilpivirine start date for unexposed individuals. Follow-up
constituted all visits with HIV-1 RNA measurements until
loss of virological control, discontinuation of cabotegravir
and rilpivirine (for exposed individuals), ART switch (for
unexposed individuals), or last clinical visit, whichever
occurred first. Individuals who had no clinical data after
baseline were excluded. Sociodemographic and HIV-
related characteristics at baseline were compared between
exposed and unexposed individuals using multilevel
logistic regression with a random effect for the paired
exposed and unexposed individuals.

We assessed loss of virological control (defined as one or
more measurements of plasma HIV RNA =200 copies
per mL) among exposed and unexposed individuals. We
calculated the cumulative probability of loss of virological
control using Kaplan—Meier methods. Time-at-risk started
at date of first exposure to cabotegravir and rilpivirine—
namely, the start date of the oral lead-in or the start date of
the injections if not using an oral lead-in. We used
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a parametric proportional hazards model with a piecewise
exponential survival function accounting for matched
pairs using a random effect to model loss of virological
control. We also estimated the restricted mean survival
time (RMST; ie, survival time until loss of virological
control) and the restricted mean time lost (ie, survival time

lost up to the largest observed event time) using the
strmst2 command in STATA.** We calculated the absolute
difference between exposed and unexposed in RMST and
restricted mean time lost. We additionally assessed
confirmed virological failure, defined as two or more
measurements of plasma HIV RNA of 200 copies per mL

Exposed Unexposed p value* Secondary cohort
(n=585) (n=1170) (n=105)t
Age 44 (35-54) 46 (36-55) 0-033 43(35-53)
Gender
Men 531 (91%) 1064 (91%) NA 75 (71%)
Women 53 (9%) 106 (9%) 30 (29%)
Transgender women 1(<1%) 0
Men who have sex with men 448 (77%) 903 (77%) NA 57 (54%)
Region of origin
Netherlands 324/582 (56%) 719/1162 (62%) 0-087 54/104 (52%)
Europe, North America, and Australia 82/582 (14%) 137/1162 (12%) 9/104 (9%)
The Caribbean and Latin America 93/582 (16%) 145/1162 (12%) 17/104 (16%)
Sub-Saharan Africa 42/582 (7%) 86/1162 (7%) 17/104 (16%)
South Asia 16/582 (3%) 39/1162 (3%) 3/104 (3%)
Other 25/582 (4%) 36/1162 (3%) . 4/104 (4%)
HIV subtype A6 4/260 (2%) 3/543 (<1%) 036 1/59 (2%)
BMI >30 kg/m? 91/583 (16%) 124/1166 (11%) 0-0030 13 (12%)
Known rilpivirine-associated RAMs at baseline 0/255 2/536 (<1%) NA 4/58 (7%)
Cumulative number of baseline factors associated with cabotegravir and rilpivirine failure:
0 491 (84%) 1041 (89%) 0-0029 88 (84%)
1 93 (16%) 129 (11%) 16 (15%)
>1 1(<1%) 0 1(1%)
ART class before or at the start of cabotegravir and rilpivirine therapy
Dual therapy 88 (15%) 176 (15%) NA 8 (8%)
INSTI-based triple 311 (53%) 622 (53%) 43 (41%)
NNRTI-based triple 158 (27%) 316 (27%) 22 (21%)
Pl-based triple 28 (5%) 56 (5%) 15 (14%)
Non-standard§ 0 0 17 (16%)
Years since HIV diagnosis 9-9 (6-3-14-9) 10-2 (6-4-15-8) 023 13 (7-21)
Years since the start of ART 8:6(5-8-13-2) 87(5-8-133) NA 11 (5-20)
Nadir CD4 cell count, cells per pL 320 (200-510) 330 (204-510) NA 240 (140-400)
CD4 at baseline, cells per uL 736 (570-926) 772 (590-987) 0-013 670 (482-955)
Previous AIDS diagnosis 77 (13%) 149 (13%) 0-80 24 (23%)
Blips before the start of follow-up4l 0/585 0/1167 0-83 0(0-1)
Previous cumulative number of virological failure NA NA NA 6 (2-15)
Data are n (%) or median (IQR). Data missing for exposed and unexposed individuals: region of origin (n=11), BMI (n=6), years since HIV diagnosis (n=5), years since the start
of ART (n=5), nadir CD4 cell count before initiation (n=74), CD4 cell count at the start of follow-up (n=54), and blips before the start of follow-up (n=3). Data missing for
secondary cohort: region of birth (n=1), BMI (n=21), nadir CD4 cell count before initiation (n=14), CD4 cell count (n=5), previous AIDS diagnosis (n=12), and viral load before
the start of follow-up (n=3). ART=antiretroviral therapy. INSTI=integrase strand transfer inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. Pl=protease
inhibitor. RAM=resistance-associated mutation. *p values were estimated using multilevel logistic regression with a random effect for the paired exposed and unexposed
individuals. tThe secondary cohort comprised the individuals included in the secondary analysis—namely, individuals who commenced cabotegravir and rilpivirine and had
previous virological failure or unsuppressed HIV-1 RNA, or both, at cabotegravir and rilpivirine initiation. The resistance score was calculated using the Stanford algorithm.
}Factors associated with cabotegravir and rilpivirine failure included a BMI of more than 30 kg/m?, HIV subtype A6/A1, and known rilpivirine-associated RAMs. SNon-
standard ART regimens included: lamivudine, rilpivirine, and dolutegravir (n=1), darunavir, raltegravir, and cobicistat (n=1), darunavir, raltegravir, and ritonavir (n=1),
darunavir and ritonavir (n=1), dolutegravir monotherapy (n=1), rilpivirine mono-therapy (n=1), rilpivirine, darunavir, dolutegravir, and ritonavir (n=1), tenofovir alafenamide,
emtricitabine, darunavir, dolutegravir, and cobicistat (n=4), tenofovir alafenamide, emtricitabine, darunavir, elvitegravir, and cobicistat (n=1), tenofovir alafenamide,
fostemsavir, rilpivirine, and dolutegravir (n=2), tenofovir disoproxil fumarate, emtricitabine, darunavir, raltegravir, and ritonavir (n=1), tenofovir disoproxil fumarate,
emtricitabine, efavirenz, and raltegravir (n=1), and zidovudine, lamivudine, and nelfinavir (n=1). A blip was defined as a viral load between 50 and 199 copies per mL,
and these data are presented as the number of blips in the 2 years before the start of follow-up.
Table 1: Sociodemographic and health-related characteristics at the start of follow-up
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or more, with or without the detection of cabotegravir or
rilpivirine resistance associated mutations, or a one-time
plasma HIV RNA of 200 copies per mL or more with
cabotegravir ~ or  rilpivirine  resistance-associated
mutations.”? Because some exposed individuals initiated
cabotegravir and rilpivirine as part of participating in a
clinical trial, we additionally assessed the loss of virological
control solely among individuals who initiated cabotegravir
and rilpivirine from June, 2021, and received cabotegravir
and rilpivirine during routine care in a sensitivity analysis.

Exposed Unexposed
Virological No virological Virological No virological
failure (n=14)  failure (n=571) failure (n=29) failure (n=1141)
Age 42 (36-50) 44 (34-54) 44 (36-53) 46 (36-55)
Gender
Men 13(93%) 518 (91%) 23 (79%) 1041 (91%)
Women 0 53(9%) 6 (21%) 100 (9%)
Transgender women 1(7%) 0 0 0
Men who have sex with men 9 (64%) 439 (77%) 16 (55%) 887 (78%)
Region of origin
Netherlands 4(29%) 320/568 (56%) 9/28 (32%) 710/1134 (63%)
Europe, North America, and 1(7%) 81 (14%) 3(10%) 134 (12%)
Australia
The Caribbean and 6 (43%) 87 (15%) 11 (38%) 134 (12%)
Latin America
Sub-Saharan Africa 2 (14%) 0 (7%) 3(10%) 83 (7%)
South Asia 0 16 (3%) 0 (0%) 39 (3%)
Other 1(7%) 4 (4%) 2(7%) 34 (3%)
HIV subtype A6* 1/6 (17%) 3(1%) 0 3(1%)
BMI >30 kg/m? 4(29%) 87/569 (15%) 6 (21%) 118/1137 (10%)
Known rilpivirine-associated 0 0 0 0
RAMs at baselinet
Cumulative number of baseline factors associated with cabotegravir and rilpivirine failure
1 3(21%) 90 (16%) NA NA
2 1(7%) 0 NA NA
3 0 0 NA NA
ART class during follow-up
Dual therapy NA NA 1(3%) 175 (15%)
INSTI-based triple NA NA 21(72%) 601 (53%)
NNRTI-based triple NA NA 6 (21%) 310 (27%)
Pl-based triple NA NA 1(3%) 55 (5%)
Years since start of ART 7:6(52-131) 87 (5-8-133) 9.9 (62-14-5) 87(5-8-13-2)

Nadir CD4 cell count, cells per pL

CD4 cell count at the start of
follow-up, cells per pL

Blips before the start follow-upt

Data are n (%) or median (IQR). Data are missing for region of birth (n=11), BMI (n=6), years since the start of ART (n=5),
nadir CD4 cell count (n=78), CD4 cell count at the start of follow-up (n=54), and blips before the start of follow-up (n=3).
integrase strand transfer inhibitor. NNRTI=non-nucleoside reverse transcriptase
inhibitor. Pl=protease inhibitor. RAM=resistance-associated mutation. Information on HIV subtype A6 was available for
260 exposed and 543 unexposed individuals. tDefined as high-level resistance to rilpivirine. Information on rilpivirine-
associated RAMs before the start of follow-up was available for 234 exposed and 487 unexposed individuals.

The resistance score was calculated using the Stanford algorithm. A blip was defined as a viral load between 50 and

199 copies per mL, and these data are presented as the number of blips in the 2 years before the start of follow-up.

ART=antiretroviral therapy. INSTI=i

265 (110-335)
744 (440-810)

320 (200-513)
736 (570-930)

298 (225-427)
736 (440-960)

330 (203-510)
772 (590-988)

0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)

Table 2: Sociodemographic and health-related characteristics at the start of follow-up for exposed and
unexposed individuals with and without a virological failure

e44

For exposed individuals, we calculated the timing of
injections during follow-up and the number of injections
administered outside the treatment window. All exposed
individuals who did a period of oral bridging using oral
cabotegravir and rilpivirine, or who temporarily switched
to another regimen, were excluded for the timepoints
during which they used an oral regimen.

To assess the potential risk factors for loss of
virological control, we modelled the probability of a loss
of virological control using a parametric proportional
hazards model with a piecewise exponential survival
function, stratified by cohort (ie, exposed individuals
and individuals who previously had virological failure or
were viraemic at cabotegravir and rilpivirine initiation).
We included covariates to the model to obtain the hazard
ratio (HR) and 95% CIs comparing the hazard of loss of
virological control across levels of determinants. We
tested variable estimates using the Wald’'s x2 test. We
constructed a multivariable model by including all
determinants with a p value of less than 0-2 in a
univariable analysis. All statistical analyses were
performed using STATA (version 15.1) or R (version 4.2.1).

Role of the funding source

The funder of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

In the primary analysis, 585 individuals initiated
cabotegravir and rilpivirine treatment between Feb 27, 2018,
and Aug 17, 2023, and had at least one clinical visit after
baseline. These exposed individuals were matched to
1170 unexposed individuals, of whom 622 (53%) used an
INSTI-based triple regimen, 316 (27%) an NNRTI-based
triple regimen, 176 (15%) dual therapy (dolutegravir and
lamivudine n=156, dolutegravir and boosted darunavir
n=14, and rilpivirine and dolutegravir n=6), and 56 (5%) a
boosted protease inhibitor-based triple regimen. As shown
in table 1, exposed individuals were younger than those
unexposed (p=0-033) and had lower CD4 cell counts at
baseline (p=0-013). Furthermore, exposed individuals
more often had a BMI of more than 30 kg/m2 (p=0-0030).
Information on rilpivirine-associated RAMs before
baseline was available for 255 (44%) exposed individuals.
None had any known previous RAM associated with high-
level resistance (ie, a level of resistance similar to that
observed in viruses with the highest levels of reduced in
vitro susceptibility or in viruses that have little or no
virological response to that antiretroviral treatment) to
rilpivirine or cabotegravir, but seven had RAMs that also
occurred as polymorphisms associated with low-level
(RAMs associated with a reduction in in vitro antiretroviral
therapy susceptibility or a suboptimal virological response
to antiretroviral treatment) rilpivirine resistance (all
Glul38Ala and Glu138Gly). 551 (94%) exposed individuals
used an oral lead-in.

www.thelancet.com/hiv Vol 12 January 2025



Articles

Median follow-up time was 1-3 years (IQR 0-9 to 1-7):
1-3 years (0-9 to 1-8) for exposed and 1- 3 years (1-0 to 1-6)
for unexposed individuals (p=0-498). 14 exposed (2%) and
29 unexposed (2%) individuals had a loss of virological
control during follow-up (p=0-913; table 2). The
cumulative probability of loss of virological control is
shown in figure 1. There was no difference in the risk of
loss of virological control between exposed and unexposed
individuals (HR=0-93, 95% CI 0-49 to 1-77). The RMST
until loss of virological control was 2-964 years (95% CI
2-296 to 3-002) for exposed individuals and 2-938 years
(2-898 to 2-977) for unexposed individuals (diff-
erence=0-026, 95% CI —0-029 to —0-080; appendix p 2).
In a sensitivity analysis including the 545 exposed (and
1090 unexposed individuals) who initiated cabotegravir
and rilpivirine from June, 2021, onwards during routine
care, 13 (2%) exposed and 24 (2%) unexposed individuals
had a loss of virological control (p=0-814). The RMST
until loss of virological control was 1-619 (95% CI
1-605 to 1-633) for exposed individuals and 1-622
(1-613  to 1-632) for unexposed individuals
(difference=0-003, 95% CI-0-020 to 0-013).

Of the 14 exposed individuals who had a loss of
virological control during follow-up, 13 were men and
one was a transgender woman (table 2; appendix pp 4-5).
BMI was more than 30 kg/m? at baseline for four (29%) of
the 14 individuals and between 25 and 30 kg/m? for
six individuals (43%). Longer needles were used for two of
the individuals with a BMI of more than 30 kg/m?2 at
baseline; for one individual, longer needles were used
later during the treatment phase due to a weight increase.
One person (individual number 13; figure 2) with loss of
virological control had both HIV subtype A6 and a BMI of
more than 30 kg/m2 at cabotegravir and rilpivirine
initiation (appendix pp 4-5). Time until loss of virological
control ranged between 86 and 1173 days after start of
follow-up. All cabotegravir and rilpivirine injections
were given within the appropriate time window.
Seven individuals re-suppressed spontaneously without
change in ART (figure 2). Two of these seven individuals
re-suppressed spontaneously, but later switched ART due
to an adverse event regarded as unrelated to cabotegravir
and rilpivirine by the treating physician. The median viral
load at moment of loss of virological control for these
seven individuals was 331 copies per mL (IQR 215-600);
in none of these individuals was a genotypic resistance
test performed by the treating physician.

The other seven individuals switched ART; six had
confirmed virological failure with INSTI or NNRTI
resistance-associated ~ mutations, or  both.  For
one individual with a one-time viral load of 1173 copies
per mL, two attempts to perform a genotypic resistance
test at different laboratories resulted in no PCR product
that could be sequenced. Treatment in this individual was
intensified with tenofovir alafenamide, emtricitabine,
cobicistat, and darunavir. In these seven individuals, the
median HIV-1 RNA at first virological failure was
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1471 copies per mL (IQR 334 to 15000). Cabotegravir and
rilpivirine plasma concentrations at time of loss of
virological control were available for four exposed
individuals. Both cabotegravir and rilpivirine con-
centrations were less than their first quartile (ie, less than
1-120 mg/L and 0-032 mg/L for cabotegravir and
rilpivirine, respectively)® for one exposed individual
(0-910 mg/L cabotegravir and 0-026 mg/L rilpivirine);
one person had too low rilpivirine concentrations
(0-005 mg/L), whereas their cabotegravir concentration
was normal (2-500 mg/L). Among the 29 unexposed
individuals who had a loss of virological control, none
switched ART. 19 individuals resuppressed spontaneously
within the study period, two individuals resuppressed but
became viraemic again, three individuals had
two subsequent HIV RNA measurements of 200 copies
per mL or more, and for five individuals, additional HIV
RNA measurements were not yet available. No
information on treatment adherence was available. For
three unexposed individuals, a sequence was available at
the time of loss of virological control; none had RAMs.

57 (10%) of 571 exposed and 136 (12%) of 1141 unexposed
individuals without a loss of virological control
discontinued ART. Adverse events were the most
commonly reported reason to discontinue cabotegravir
and rilpivirine (n=28 for exposed, n=48 for unexposed;
appendix p 3). Two individuals discontinued cabotegravir
and rilpivirine due to pain at the injection site.

1771 injections were administered to 485 exposed
individuals for whom the exact date of administration
was registered (figure 3). The exact date of administration
was not recorded for 100 individuals. Injections were
given a median of 2 days before the scheduled injection
date (IQR —4 to 1 days). Most injections (n=1666; 94%)

0-2- — Standard antiretroviral therapy
— Cabotegravir and rilpivirine
Log-rank p=0-671

Standard antiretroviral therapy 1170
Cabotegravir and rilpivirine 585

(110) 1052 (258) 785 (351)
(68) 513 (119) 390 (169)

~
©
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(number censored)
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Figure 1: Estimated cumulative risk of loss of virological control among patients using long-acting injectable

cabotegravir and rilpivirine and patients using a standard antiretroviral therapy

The number in the patient at risk table at each timepoint indicates the total number of patients still at a risk for
loss of virological control from that point in time (ie, the patients who were not censored or who did not have a
loss of virological control before that timepoint). The number between brackets indicates the number of patients
with a loss of virological control between two timepoints. Of note, four events of loss of virological control among
one exposed individual and three unexposed individuals occurred after 2 years of follow-up, and these events are

thus not visualised in the graph.
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were administered within

window (+7 days of the scheduled injection date).
25 (1-4%) injections were administered too early (>7 days

the

appropriate time Dbefore the scheduled injection date), and 80 (4-5%) were
administered too late (>7 days after the scheduled injection

date).
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In our secondary analysis, 105 individuals who had
previously had virological failure or had a detectable viral
load at cabotegravir and rilpivirine initiation between
July 1, 2016, and Aug 17, 2023, were assessed. The median
age was 43 (IQR 35 to 53) and 57 (54%) were men who
have sex with men (table 1). One (2%) of 59 individuals
with data available had HIV-1 subtype A6, 13 (15%) of 84
had a BMI of more than 30 kg/m2, and four (7%) of 59 had
known rilpivirine resistance-associated mutations at start
of cabotegravir and rilpivirine treatment (one had a
Tyr188Leu mutation, two had a Gly190Ala mutation, and
one had a Lys101Glu mutation). One (1%) individual had
more than one baseline factor associated with cabotegravir
and rilpivirine failure. 13 individuals (13%) of 102 had
a HIV-1 RNA between 50 and 199 copies per mL and
five (5%) had an HIV-1 RNA of more than 200 copies
per mL before starting cabotegravir and rilpivirine
treatment. 90 (86%) individuals used an oral lead-in.

The median follow-up time was 1-4 vyears
(IQR 0-8 to 1-8). Nine (9%) of 105 individuals, of whom
seven were women, had a loss of virological control during
follow-up (figure 4; appendix p 6, 7). Three individuals had
a BMI of more than 30 kg/m?2 at start of follow-up, but
longer needles were not used. None had a HIV-1 A6
subtype or pre-existing RAMs associated with rilpivirine
resistance. Time until loss of virological control ranged
between 18 and 678 days. HIV-1 RNA at the moment
of loss of virological control ranged between
200 and 8310000 copies per mL. All cabotegravir and
rilpivirine injections for the individuals who had
a loss of virological control were given within the
appropriate time window. Two individuals re-suppressed
without a change in ART, of whom one later switched
ART due to a an indication that they wanted to become
pregnant. Seven additional individuals switched ART after

Figure 2: Viral load before and after the start of long-acting cabotegravir and
rilpivirine for exposed individuals

0 indicates the first viral load measurement after the start of long-acting
cabotegravir and rilpivirine; negative months indicate the months before the
start of long-acting cabotegravir and rilpivirine. The light purple shading
indicates the period during which long-acting cabotegravir and rilpivirine was
used. The antiretroviral therapy regimen used during each period is indicated
above the graph. The red dashed line indicates a viral load of 200 copies per mL.
Red blocks mean no antiretroviral therapy use. The y-axis is on a logarithmic
scale. RAMs were detected after loss of virological control for individual number 2
(integrase inhibitor Asn155His, reverse transcriptase Lys101Glu, Glu138Lys, and
Met230Leu), individual number 5 (reverse transcriptase Tyr188Leu), individual
number 7 (integrase inhibitor GIn148Arg, reverse transcriptase Lys101Glu and
Glu138Lys), individual number 8 (integrase inhibitor Gly140Cys and Gly140Ser,
and GIn148Arg, reverse transcriptase Lys101Glu), individual number 13
(integrase inhibitor Asn155Ser reverse transcriptase Glu138Lys), and individual
number 14 (integrase inhibitor Leu74lle and Val165lle, reverse transcriptase
Tyr181Cys and His221Tyr). Individual number 11 switched to TAF, FTC, DRV, and
COB after loss of virological control but still received a cabotegravir and rilpivirine
injection shortly after switching. 3TC=lamivudine. BIC=bictegravir.
CAB=cabotegravir. COB=cobicistat. DOR=doravirine. DRV=darunavir.
DTG=dolutegravir. EFV=efavirenz. FTC=emtricitabine. MVC=maraviroc.
RAL=raltegravir. RAM=resistance-associated mutation. RPV=rilpivirine.
TAF=tenofovir alafenamide. TDF= tenofovir disoproxil fumarate.
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Figure 3: Timing of cabotegravir and rilpivirine injections after the first cabotegravir and rilpivirine injection
The boxplot indicates the median, IQR, and range of the number of days from the planned date of the first
injection. The violin plot indicates the density of patients who received an injection a specific number of days from
the planned date. The dashed red line indicates the 7 day window.

aloss of virological control. Five individuals had confirmed
virological failure with new RAMs associated with INSTI
or NNRTI resistance. Cabotegravir and rilpivirine plasma
concentrations at time of loss of virological control were
available for three and five individuals, respectively.
Cabotegravir concentrations were less than the first
quartile in all three individuals (0-42 mg/L, 0-84 mg/L,
and 0-95 mg/L); rilpivirine concentrations were more
than the first quartile for all individuals.

Four (4%) of 96 individuals without a loss of virological
control discontinued long-acting cabotegravir and
rilpivirine. Adverse events (weight gain, fatigue, and
nausea) were reported by three individuals (3%). For
one individual (1%), the reason for discontinuation was a
hepatitis B reactivation.

We found no risk factors for the loss of virological
control in the cohort of exposed individuals (appendix p 8).
For the individuals who previously had a virological failure
or had a detectable viral load, or both, at cabotegravir and
rilpivirine initiation, being female (adjusted HR 15-11,
95% CI 1-85-123-07) and having a previous AIDS
diagnosis (4-32, 1-03-18-09) increased the risk of loss of
virological control, although uncertainty was high (ie, very
broad ClIs).

Discussion

In this nationwide prospective cohort study, we showed
that the risk of loss of virological control after the initiation
of cabotegravir and rilpivirine among individuals without
previous treatment failure was 2% after a median
follow-up of 1-3 years, which was similar to individuals
on a standard oral ART regimen. Among those who had a
loss of virological control, six exposed individuals
(1%) had confirmed virological failure, with major INSTI
and NNRTI RAMs at the time of a loss of virological
control. In comparison, none of the unexposed
individuals switched ART or had INSTI or NNRTI RAMs
after virological failure. Among the 105 individuals who
did previously have a virological failure or had a
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Figure 4: Viral load before and after the start of long-acting cabotegravir and rilpivirine among individuals who had a virological failure or were viraemic before start of cabotegravir and rilpivirine
0 indicates the first viral load measurement after the start of long-acting cabotegravir and rilpivirine; negative months indicate the months before start of long-acting cabotegravir and rilpivirine. The light
purple shading indicates the period during which long-acting cabotegravir and rilpivirine was used. The antiretroviral therapy regimen used during each period is indicated above the graph. The red dashed
line indicates a viral load of 200 copies per mL. The red bars indicate no antiretroviral therapy use. The y-axis is on a logarithmic scale. RAMs were detected after virological failure for individual number 1
(integrase inhibitor Asn155His), individual number 3 (integrase inhibitor GIn148Arg reverse transcriptase Tyr181Cys), individual number 4 (reverse transcriptase Glu138Lys), individual number 6 (reverse
transcriptase Lys101Glu, Val179Asp, Tyr181Cys, and Val189lle), and individual number 9 (reverse transcriptase Lys101Glu). 3TC=lamivudine. ABC=abacavir. BIC=bictegravir. CAB=cabotegravir.
COB=cobicistat. DOR=doravirine. DRV=darunavir. DTG=dolutegravir. EFV=efavirenz. FTC=emtricitabine. MVC=maraviroc. RAL=raltegravir. RAM=resistance-associated mutation. RPV=rilpivirine.
RTV=ritonavir. TAF=tenofovir alafenamide. TDF=tenofovir disoproxil fumarate.
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non-supressed HIV-1 RNA, or both, at
and rilpivirine treatment, the risk

start of cabotegravir
of the a loss of

virological control was high (nine [9%] of 105), of whom

56% had newly developed INSTI or

NNRTI resistance.

57 (10%) exposed individuals and four (4%) individuals in

secondary analysis discontinued

cabotegravir and

rilpivirine for reasons other than virological failure. The
10% discontinuation among exposed individuals was
slightly higher than the 8-9% previously reported in

clinical trials,* and could be related
highly motivated early adapters (ie, i

to the inclusion of
ndividuals who are

eager to try a new product more often participate in
clinical trials) in the trials. However, adverse events were
the most common reason for discontinuation of

cabotegravir and rilpivirine.

We reported a slightly lower risk of confirmed virological
failure compared with previous clinical trials and a large
Swiss observational study.** Additionally, similar to
clinical trials, we found the effectiveness of cabotegravir
and rilpivirine to be similar to that of a standard oral ART
in individuals with no previous history of virological
failure.*” 14 exposed individuals did have a loss of virological
control. Insufficient drug concentrations of rilpivirine or
cabotegravir might explain these occurrences, but
unfortunately — cabotegravir and rilpivirine  drug
concentrations were only available for four exposed
individuals with a loss of virological control. For
two individuals, rilpivirine concentrations were too low,
and for one individual, cabotegravir concentration was also
too low.* An explanation for low plasma concentrations
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could be related to the injection technique or needle
length. For individuals with a BMI of 30 kg/m2 or more,
longer needles are advised,” but longer needles were only
used in three of four of individuals with a BMI of 30 kg/m?
or more at cabotegravir and rilpivirine initiation.

Among individuals who had a previous virological
failure or had a detectable HIV-1 RNA, or both, at the start
of cabotegravir and rilpivirine treatment, the risk of a loss
of virological control was much higher, despite the
adequate timing of injections. Three individuals had
one additional pre-existing risk factor (ie, a BMI of
=30 kg/m?2) associated with an increased risk of failure.”
All but one of these individuals had virological blips or
higher viral loads, or both, in the 24 months preceding the
initiation of cabotegravir and rilpivirine. One individual
had a high HIV-1 RNA at time of a loss of virological
control (8310000 copies per mL). This result could suggest
the partial absence of drug pressure at the time of a loss of
virological control, reflected by the low cabotegravir
concentration, and perhaps additionally the suboptimal
exposure to rilpivirine given that the rilpivirine plasma
concentration was just above the first quartile. Notably,
according to the medical records, all injections were given
on time, although an administration error cannot be
excluded and might have occurred. We also found that
being female was associated with an increased risk of a
loss of virological control among individuals who had a
previous virological failure or had a detectable HIV-1 RNA,
or both, at the start of cabotegravir and rilpivirine. This
finding was unexpected and, although highly speculative,
could be related to more subcutaneous fat in the gluteal—
femoral region compared with men,* possibly leading to
more frequent suboptimal intramuscular administration
of cabotegravir and rilpivirine. In general, more careful
consideration before prescribing cabotegravir and
rilpivirine is needed in individuals with a history of a
virological failure. However, cabotegravir and rilpivirine
might offer relief to daily pill taking,”*” and could be of
benefit for individuals with adherence challenges, because
continuing oral ART when adherence is low is associated
with high rates of virological failure.*?

In total, 11 individuals had confirmed virological
failure with both INSTI and NNRTI RAMs. Notably,
NNRTI (Lys101Glu) and INSTI (Asn155His) RAMs were
also found in individuals with low HIV-1 RNA levels at
the time of a loss of virological control. The loss of
susceptibility to preferred treatment options in two major
ART classes might justifiably cause concerns among
health-care workers and people with HIV, because
virological failure on oral ART regimens does not readily
lead to a similar loss in treatment options.* We found
that nine individuals re-suppressed spontaneously.
Cabotegravir and rilpivirine concentrations were
potentially low in these individuals at the end of a dosing
interval, but they received a subsequent dose of
cabotegravir and rilpivirine before the virus had sufficient
time to replicate and subsequently select INSTI or
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NNRTI RAMs, or both. An increased monitoring
frequency of HIV RNA could lead to more timely
detection of virological failure and might avert RAM
selection. However, given the low risk of RAM selection
on cabotegravir and rilpivirine, increasing the monitoring
frequency will need to be assessed for feasibility.

A major strength of our study is the use of
a comprehensive prospective cohort consisting of
more than 98% of all individuals receiving HIV care in
the Netherlands. This method provides a unique
surveillance tool for the effectiveness of novel ART.
Nevertheless, this study is not without limitations. First,
some individuals using cabotegravir and rilpivirine were
not included in our database. Some of these individuals
had a virological failure,* thus virological failure due to
cabotegravir and rilpivirine could be different than
reported here. Second, given the routine clinical nature
of our cohort, viral load was measured at longer intervals
and the decisions to switch treatment were not
standardised. Therefore, we were unable to confirm the
virological failure for all individuals who had a loss of
virological control. Third, due to the heterogeneity of
individuals included in the secondary analysis with
respect to previous treatment regimens and type of pre-
existing RAMs, matching these individuals to those
unexposed was not feasible. Therefore, we are unable to
make any conclusions related to the risk of a loss of
virological control compared with unexposed individuals
for this cohort. Last, our results might not be generalisable
to the broader population of individuals with HIV. More
than 90% of exposed individuals and 70% of individuals
in the secondary cohort were male and more than half of
both groups were born in the Netherlands. Moreover,
adherence to the treatment schedule was very high, with
94% of injections given within the appropriate time
window, which probably contributed to the high level of
virological success.

In conclusion, switching to cabotegravir and rilpivirine
was not associated with a higher risk of a loss of
virological control compared with standard antiretroviral
therapy among individuals without previous treatment
failure. The risk of a loss of virological control was
considerably higher among individuals with previous
treatment failure, especially when compared with
individuals without previous virological failure. Initiating
cabotegravir and rilpivirine in these individuals might
therefore only be beneficial when adherence problems to
oral ART indicate an even higher risk of virological
failure than switching to cabotegravir and rilpivirine. In
11 individuals, INSTI or NNRTI RAMs, or both, were
documented, thereby limiting treatment options.
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