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Background. The impact of pre-existing non-nucleoside reverse transcriptase inhibitor (NNRTI) resistance-associated
mutations (RAMs) on the effectiveness of long-acting (LA) cabotegravir (CAB) and rilpivirine (RPV) remains poorly defined,
particularly for mutations like K103N that do not directly compromise RPV susceptibility (non-RPV NNRTI RAMs).

Methods. This observational substudy within the Spanish RELATIVITY cohort included people with HIV (PWH) who switched to
CAB + RPV LA before 2025. We compared virologic outcomes between those with non-RPV NNRTI RAM:s and a reference group
without NNRTI/INSTI-RAMs or prior NNRTI-based virologic failure (VF). An additional subgroup with RPV-associated RAMs
was also analyzed. Confirmed virologic failure (CVF) was defined as 2 consecutive viral loads > 200 copies/mL or 1 >500 copies/mL.

Results. Among 1358 participants, 83 (6.1%) harbored non-RPV NNRTI RAM:s (47 with K103N) and 1247 served as the reference
group. After a median follow-up of 16.7 months, CVF rates were similar between the non-RPV NNRTI RAM:s group and the reference
group (1.2% vs 0.8%; HR: 1.39; 95% CI: 0.18-10.84; P =.755). No significant differences were observed in viral blips (6% vs 8.2%;
P = 481). Notably, in the subgroup of 28 participants with RPV-associated RAM:s (including 5 with high-level resistance), no CVFs
occurred over a median of 13.5 months.

Conclusions. In areal-world setting, CAB + RPV LA demonstrated high effectiveness in PWH with pre-existing NNRTT RAMs that
do not compromise RPV susceptibility, including K103N. While no failures were seen in those with RPV-associated RAMs, these results
should be interpreted with caution due to the small sample size.
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Long-acting (LA) antiretroviral therapy (ART) with cabotegra-
vir (CAB) and rilpivirine (RPV) (CAB + RPV LA) represents a
major advance in the management of people with HIV (PWH),
offering an alternative to daily oral therapy and potentially
improving adherence, treatment satisfaction, and long-term vi-
rologic outcomes. Pooled data from clinical trials have demon-
strated high levels of efficacy and tolerability of this therapy,
with very few reported virologic failures (VF) [1-7]. These find-
ings have already been confirmed in real-world settings by large
cohorts, including ours, supporting the virologic effectiveness
observed in randomized clinical trials [8-12].

Several studies have examined the influence of pre-existing
antiretroviral resistance on the effectiveness of CAB + RPV
LA [13-17]. In particular, non-nucleoside reverse transcriptase
inhibitor (NNRTI) resistance-associated mutations (RAMs)
represent a major concern as they may reduce RPV susceptibil-
ity, even when they do not directly involve RPV-associated re-
sistance pathways. Although subject harboring the NNRTI
RAMs K103N were allowed to be included in the pivotal
FLAIR, ATLAS, and ATLAS-2 M studies evaluating LA CAB/
RPV, the actual number of participants with K103N mutations
and their outcomes have not been reported separately to date
[4-6]. Indeed, the European product label for CAB + RPV LA
contraindicates its use in the presence of any NNRTI RAMs
[18]. Therefore, the clinical relevance of NNRTI RAMs that
do not compromise RPV susceptibility (non-RPV NNRTI
RAMs) remains poorly defined. This gap in evidence is espe-
cially relevant in real-world settings, where historical genotypic
resistance tests (GRT), prior antiretroviral exposures, and ar-
chived viral variants can be heterogeneous.

Understanding whether these mutations influence treatment
outcomes is essential for refining patient selection criteria, op-
timizing the use of LA-ART, and aiding resistance-based
decision-making. The RELATIVITY cohort, a nationwide
Spanish study cohort in real-world settings, offers a unique op-
portunity to evaluate the impact of non-RPV NNRTI RAMs on
the virologic performance of CAB + RPV LA regimen.

This study aimed to assess the effectiveness of CAB + RPV
LA in individuals harboring NNRTI RAMs by comparing viro-
logic outcomes with those of individuals without such muta-
tions. By characterizing the real-world implications of these
resistance patterns, we aim to provide evidence to guide clinical
decisions and support the safe expansion of LA treatment
strategies.

METHODS

Study Design and Setting

This was an ambispective substudy nested within the nation-
wide, multicenter RELATIVITY cohort encompassing 58
Spanish hospitals in a real-world clinical practice. The study
was launched in 2023, and monitoring is expected to continue

until 2029. Patients who switched to CAB + RPV LA before
January 2025, were included and followed up prospectively.
This substudy was designed to evaluate the effectiveness of
CAB + RPV LA in specific patient subgroups defined by their
historical GRT. Data were collected retrospectively and prospec-
tively during follow-up in accordance with the standardized pro-
cedures established in the parent study. The RELATIVITY
methodology has been reported elsewhere [19]. Overall, the anal-
ysis comprised 1 reference group without NNRTI RAMs and 3
exposure groups defined according to historical NNRTI resis-
tance patterns (non-RPV NNRTI RAMs, K103N mutation,
and RPV-associated NNRTI RAMs). Each exposure group was
compared separately with the same reference population de-
pending on the outcome analyzed.

Participants

Eligible participants were adults aged >18 years with HIV-1
who initiated CAB+RPV LA and were virologically sup-
pressed at baseline (defined as an VIH-1 viral load <50 cop-
ies/mL). For this substudy, the inclusion criteria required the
availability of at least 1 historical GRT. The exclusion criteria
were infection with HIV-1 subtype A6, historical or document-
ed resistance to second-generation integrase inhibitors
(INSTTs), pregnancy, and participation in clinical trials involv-
ing CAB + RPV LA.

For the primary analysis, the exposed group comprised par-
ticipants with a history of NNRTI RAM:s that were not predict-
ed to affect RPV susceptibility (non-RPV NNRTI RAMs). For
the secondary analysis, we considered 2 additional groups: 1
with only participants with the K103N mutation and another
with participants with NNRTI mutations predicted to affect
RPV susceptibility (RPV NNRTI RAMs).

The reference group comprised participants who met all the
following criteria: (1) availability of a historical GRT; (2)
Absence of NNRTT across all available genotypes; and (3) no
prior VF while receiving an NNRTI-based regimen, even
when historical genotypes showed no NNRTI resistance.
These criteria were established to ensure a reference population
without known genotypic factors that could compromise the
effectiveness of CAB + RPV LA.

Data Collection

Data for the substudy were obtained through a combination of
retrospective data extraction and prospective data collection.
Study data were collected and managed using Research
Electronic Data Capture (REDCap), hosted at Infanta Leonor
University Hospital. The information collected included demo-
graphic data, anthropometric measurements, HIV-related in-
formation, laboratory data, treatment information (injection
schedule, type and site of injection, and oral bridge therapies),
and follow-up. There was no established follow-up schedule;
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each hospital followed its own standard procedures for assess-
ment in accordance with national and international guidelines.

All data collection procedures adhered to the standardized
protocols established in the RELATIVITY study to ensure con-
sistency and reliability. For participants with NNRTI mutations,
historical and current resistance profiles were meticulously re-
viewed. All these RAMs must have been detected in RNA while
HIV was replicating. Each identified mutation was cross-
referenced using the Stanford University HIV Drug Resistance
Database (HIVdb) to obtain standardized resistance scores and
clinical susceptibility interpretations for all NNRTI agents.
Furthermore, participating centers were requested to provide
granular longitudinal data for these cases, including whether the
genotype was performed at baseline or after VF or treatment inter-
ruption. For nonbaseline genotypes, the specific antiretroviral reg-
imen at the time of VF was also recorded. Data were anonymized
and entered into a secure database, and quality checks were per-
formed regularly to minimize missing or inconsistent information.

Variables
Baseline characteristics included age, sex at birth, time since
HIV diagnosis, HIV transmission route, ART duration, history
and presence of VF, baseline and/or failure-associated GRT,
antiretroviral regimen, immunological parameters (CD4+,
CD8+, and CD4+/CD8+ ratio), and plasma viral load (VL).
To determine which mutations could compromise the effica-
cy of NNRTTIs, we used the most recent IAS-USA HIV drug re-
sistance mutation list as the reference standard [20]. This
resource was used to classify NNRTI RAMs and determine
their clinical relevance, enabling discrimination between muta-
tions with a potential impact on RPV susceptibility and those
considered clinically nonrelevant according to the current expert
consensus. NNRTI RAMs were classified and interpreted using
the HIVdb version 9.8 scoring system and were categorized as
high, intermediate, low, or potential low-level resistance [21].
Confirmed virologic failure (CVF) was defined as 2 consec-
utive plasma HIV-1 RNA values >200 copies/mL or a single
measurement >500 copies/mL. This definition of VF was delib-
erately chosen to be more stringent, even though the current
consensus set a threshold of a single HIV-1 RNA measurement
>1000 copies/mL to define it [22]. A blip was defined as a tem-
porary, single HIV-1 RNA measurement between 50 and
500 copies/mL that returned to undetectable levels on repeat
testing without modification of therapy. Treatment discontin-
uations were categorized as temporary or permanent, and the
underlying reasons—including injection-site reactions, system-
ic adverse events, CVF, drug-drug interactions, or patient pref-
erence—were systematically documented.

Outcomes
The primary objective was to compare the CVF rate in PWH
receiving CAB-RPV LA with or without non-RPV NNRTI

RAMS. The secondary objectives were to: (1) compare the
number of viral blips in patients with and without non-RPV
NNRTI-RAMs; (2) compare the rate of CVF in participants
with and without a history of the NNRTI mutation K103N;
and (3) compare the rate of CVF in participants with and with-
out RPV NNRTI RAMs.

Statistical Analysis

All analyses were performed using data available until March
2025. Categorical variables were compared using Pearson’s y*
test or Fisher’s exact test, as appropriate. Continuous variables
were assessed using nonparametric tests (Mann-Whitney U
test for 2-group comparisons). Discontinuations, adverse
events, and reasons for treatment changes were compared be-
tween groups using tests of proportions. A two-sided P value
<.05 was considered statistically significant.

Time-to-event analyses were performed to evaluate virolog-
ical failure and treatment discontinuation according to the
NNRTI mutation status. Kaplan-Meier survival curves were
constructed and compared using the log-rank test. Hazard ra-
tios (HRs) with 95% confidence intervals (CIs) were estimated
using unadjusted Cox proportional hazards models, including
only mutation status as the explanatory variable, to provide
a quantitative estimate consistent with the Kaplan-Meier
analysis.

Participants were censored at the time of treatment discon-
tinuation, loss to follow-up, or at the last available virologic as-
sessment (March 2025). Analyses were performed using R
software version 4.5.1 (R Foundation for Statistical
Computing, Vienna, Austria), and figures were generated using
R and GraphPad Prism version 8.0 (GraphPad Software, San
Diego, CA, USA).

Ethical Aspects

The study was approved by the Ethics Committee for Research
with Medicines of the Burgos and Soria Health Area (reference
23-00144). Written informed consent was obtained from all the
participants. All data were managed confidentially and in ac-
cordance with the applicable Spanish and European Union
data protection legislation.

RESULTS

Study Population

Of the 3146 participants in the RELATIVITY study who started
treatment before January 2025, 1358 (43.17%) had GRT, met all
inclusion/exclusion criteria, and were included in this study.
Overall, 111 participants (8.2%) harbored at least 1 NNRTI
RAMs: 83 (6.1%) without reduced susceptibility to RPV and
28 (2.1%) with a predicted impact on RPV susceptibility.
Baseline demographic and clinical characteristics were general-
ly balanced between patients with non-RPV NNRTI RAMs and
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Table 1. Baseline Characteristics According to NNRTI Mutations Not Affecting Rilpivirine Susceptibility

Non-RPV NNRTI RAMs

Reference Group

(n=83) (n=1247) P Value

Age (y), median (IQR) 45 (37.8-53.4) 44 (37-52) .335

BMI (kg/m?), median (IQR) 24.5 (22.5-26.7) 25 (22.4-27.8) 329
BMI > 30 kg/m?, n (%) 8(10.5) 167 (14.6) .323

Oral lead-in therapy, n (%) 7 (8.4) 1083 (8.3) 1

Sex at birth, n (%)

Male 67 (81.7) 1070 (85.9) .328

Origin, n (%)

Spain 59 (71.1) 921(74) .606

HIV transmission route, n (%) <.001
GBMSM 50 (60.2) 838 (67.2)

Heterosexual 13(15.7) 259 (20.8)
Injecting drug use 10(12) 37 (3)
Vertical 4 (4.8) 9(0.7)
Other/unknown 5(6.1) 104 (7.3)

CD4 nadir (cells/uL), median (IQR) 286 (161-407) 350 (207-500) .008

Baseline CD4 count (cells/uL), median (IQR) 713 (5662-978) 789 (586-1018) .068

HIV-1 viral load at diagnosis (logio copies/mL), median (IQR) 4.74 (4.22-5.28) 4.81 (4.24-5.33) .766

Months from diagnosis to first ART initiation, median (IQR) 2.5(0.6-29) 2 (0-12) 136

Years of ART before CAB + RPV LA initiation, median (IQR) 11.5 (7.8-19) 8(5-12) <.001

Months of viral suppression before CAB + RPV LA initiation, median (IQR) 92 (25.5-127.8) 72 (31-120) .290

AIDS-defining condition at baseline, n (%) 18 (22) 144 (11.5) .014

Previous virological failure, n (%) 15 (18.3) 33(2.6) <.001

Number of blips in the 5y prior to CAB + RPV LA initiation, n (%) .081
0 61 (74.4) 903 (79.9)

1 12 (14.6) 142 (12.6)
2 1(1.2) 41 (3.6)
3 3(3.7) 20(1.8)
>3 5(6.1) 24(2.1)

HIV-1 subtype, n (%) .763

A1/A2 1(1.2) 21(1.7)
B 38 (45.8) 568 (45.5)
F/CRF 4(4.8) 34(2.7)

Other/unknown 40 (48.2) 624 (50.1)

NRTI-RAMs, n (%) 37 (44.6) 10 (0.8) <.001
M184V 16 (19.5) 8(0.6) <.001
Other 26 (31.7) 1(0.1) <.001

INSTI-RAMSs, n (%) 1(1.2) 0(0) .004

Abbreviations: BMI, body mass index; ART, antiretroviral therapy; CAB + RPV LA, long-acting cabotegravir plus rilpivirine; GBMSM, gay, bisexual, and other men who have sex with men; IQR,
interquartile range; AIDS, acquired immunodeficiency syndrome; RAMs, resistance-associated mutations; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; NNRTI, non-nucleoside/
nucleotide reverse transcriptase inhibitor; RPV, rilpivirine; INSTI, integrase strand transfer inhibitor.

those in the reference group (Table 1). In brief, the study pop-
ulation was predominantly male (82%) with a median age of 45
years, a long-standing history of HIV infection, and prolonged
exposure to ART (11.5 years, IQR: 7.8-19). However, PWH
with non-RPV-NNRTIs RAMs had been exposed to ART
for a longer time (11.5 vs 8 years; P < .001), had worse immu-
novirological status at diagnosis (CD4 nadir: 286 vs 350;
P=.008), had more often previous VF (18.3% vs 2.6%,
P<.001), and had more often archived the RAM 184V
(19.5% vs 0.6%; P < .001), compared with the reference group.
Among participants with non-RPV NNRTI RAMs, the most
frequently observed mutation was K103N, detected in 47 of
83 individuals, either alone or in combination with other

NNRTI RAMs. The E138A mutation was observed in 9 partic-
ipants. Supplementary Table 1 provides additional baseline
characteristics of participants with RPV-associated mutations,
respectively.

Among the 97 patients with a history of NNRTI RAMS and
for whom supplemental data were obtained, NNRTI RAMs
were identified in baseline genotypes in 79 cases, while the re-
maining 18 corresponded to genotypes performed during peri-
ods of VF.

The rate of treatment discontinuation did not differ signifi-
cantly between patients with non-RPV NNRTI RAMs and ref-
erence group (6.02% vs 7%; P =.74). The reasons for treatment
discontinuation are detailed in Table 2.
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Table 2. Clinical and Virological Outcomes During Follow-up According to NNRTI Mutations Not Affecting Rilpivirine Susceptibility

Non-RPV NNRTI RAMs

Reference Group

(n=83) (n=1247) HR (95% ClI) P Value

Reasons for discontinuation, n (%)

Confirmed virological failure 1(1.2) 10 (0.8) 1.39 (0.18-10.84) .755

Local injection reaction 2(2.4) 21(1.7) 1.33 (0.31-5.68) .699

Systemic adverse event 1(1.2) 13 (1) 1.12 (0.15-8.53) 916

Other reason 1(1.2) 43 (3.4) 0.34 (0.05-2.51) 293
Number of participants experiencing blips, n (%) 5 (6) 102 (8.2) 0.72 (0.28-1.81) 481
Treatment adherence, n (%)?

100% 67 (80.7) 1029 (82.5) - .656

90%-99.9% 15 (18.1) 196 (15.7) = .537

<90% 1(1.2) 22 (1.8) = 1
Months of follow-up, median (IQR) 16.7 (10.1-21) 14.4(9-19.1) - .052
Months to discontinuation, median (IQR)° 0.33 (0.2-0.66) 1.55 (0-2.04) - 337

Abbreviations: RAMs, resistance-associated mutations; NNRTI, non-nucleoside/nucleotide reverse transcriptase inhibitor; RPV, rilpivirine; HR, hazard ratio; Cl, confidence interval.

#Adherence to treatment was assessed as the proportion of participants who received CAB + RPV LA injections within the therapeutic window of +7 d.

®Months to discontinuation: time from treatment initiation to treatment discontinuation, expressed in months.

Virological Outcomes of Participants With Non-RPV NNRTI RAMs

After a median follow-up of 16.7 (10.1-21) months (non-RPV
NNRTI RAMs) and 14.4 (9-19.1) months (reference group),
we observed 11 (0.8%) CVF, 1 (1.2%) in the non-RPV NNRTI
RAMs group and 10 (0.8%) in the reference population
(Table 2). The rate of VF was similar between the 2 groups
(1.2% vs 0.8%; HR=1.39, 95% CL 0.18, 10.84; P=.755)
(Figure 1). The only VF in participants with previous non-RPV
NNRTI-RAMs was observed in a patient with the K103N muta-
tion in baseline GRT. She was a 52-year-old Spanish woman with
an HIV-1 subtype B infection and a BMI of 36 kg/m”. She started
CAB + RPV LA after 23 years of ART, including 9 years of viral
suppression. Her treatment history included a prior VF with
the development of M184 V and K103N mutations; no integrase
strand transfer inhibitor resistance mutations were detected.

Virological Outcomes of Participants With the K103N Mutation

There were 47 participants with the K103N mutation (3.5%).
The rate of virological failure in patients with K103N versus
the comparator was not significantly different (2.1% vs 0.8%;
HR: 2.73, 95% CI: 0.35-21.35, P =.338). As previously men-
tioned, the only patient who had VF with NNRTI RAMs har-
bored the K103N mutation (Figure 1).

Virological OQutcomes of Participants With RPV NNRTI RAMs

There were 28 participants with RPV-associated NNRTI RAMs
(2.1%). No virological failures were observed in participants
with RAMs affecting RPV (0% vs 0.8%; P = 1.000) (Figure 1).
Of interest, resistance to RPV in our cohort spanned the
full spectrum of Stanford categories, with 17 cases of low-
level or potentially low-level resistance [LLR/PLLR], 6 with
intermediate-level resistance [ILR], and 5 with high-level resis-
tance [HLR]. Table 3 summarizes the major mutations detected
in the cohort and the combinations that most frequently

affected non-nucleoside susceptibility. Table 4 presents the
classification of these mutations according to their level of re-
sistance and the affected antiretroviral drugs. The virological
outcomes and reasons for treatment discontinuation in this
subpopulation are detailed in Supplementary Table 2.

Patients Experiencing Blips
During follow-up, viral blips occurred in 5 participants (6%) in
the non-RPV NNRTI RAMs group, including 2 carrying the
K103N mutation, and in 102 participants (8.2%) in the refer-
ence group, with no significant differences between groups
(P=.481) (Figure 2). Baseline GRT results were available for
all participants with blips except one. Among participants in
the non-RPV NNRTI RAMs group, only 1 harbored acquired
resistance mutations (S68G, L210W, and P225H), conferring
high-level resistance to efavirenz and nevirapine. This partici-
pant experienced a single blip of 51 copies/mL at month 1 after
switching to CAB + RPV LA and remained virologically sup-
pressed thereafter. All remaining blips in this group were below
100 copies/mL, except for 1 participant with baseline K103N,
V101, F771, and W71T mutations who presented a blip of
296 copies/mL. Of note, 4 of the 5 participants with blips in
the non-RPV NNRTI RAMs group had experienced previous
blips during the 5 years prior to switching to CAB + RPV LA:
2 participants had 1 previous blip, 1 participant had 2 previous
blips, and 1 participant had 3 previous blips. During study
follow-up, no participant experienced more than 1 blip.
Among participants with RPV-associated NNRTI RAMs, 3
experienced blips during follow-up. One participant carrying
the V179D mutation presented a single blip of 80 copies/mL
at month 5, without previous blips before switching to
CAB +RPV LA. A second participant, with transmitted
T69N, K103R, and A33F mutations and subsequently acquired
K101E and E138 K mutations conferring high-level resistance
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Figure 1. Kaplan—Meier curves for time to confirmed virological failure stratified by NNRTI mutation status. Kaplan—-Meier curves showing time to confirmed virological
failure according to NNRTI mutation group. A, Virological failures in the non-RPV NNRTI RAMs group; (B) virological failures in the K103N mutation group; (C) virological
failures in the RPV NNRTI RAMs group. Hazard ratios (HRs) with 95% confidence intervals were estimated using Cox proportional hazards models, and Pvalues were derived
from log-rank tests. Numbers at risk are displayed below each panel. Abbreviations: RAMs, resistance-associated mutations; NNRTI, non-nucleoside/nuclectide reverse
transcriptase inhibitor; RPV, rilpivirine.

to RPV, had experienced >3 blips during previous oral ART participant carried the transmitted G190E mutation, also asso-
and presented a single blip of 156 copies/mL at month 1 after ~ ciated with high-level resistance to RPV, and had no prior his-
switching, followed by viral resuppression. The third  tory of blips. This participant experienced 3 consecutive
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Table 3. Frequency of NNRTI Resistance Major Mutations and
Combinations

Table 4. NNRTI Resistance Categories According to Genotypic
Resistance Scores

RPV-Stanford Penalty Resistance

NNRTI-RAMs n Score® Interpretation

Major single mutations
Vool 2 5 S
A98G 1 15 LLR
L100l 1 45 ILR
K103N 48 0 S
K103S 2 0 S
V106A 1 5 S
V106M 1 0 S
V108l 12 5 S
E138A 9 10 PLLR
E138K 1 45 ILR
V179D 7 10 PLLR
V179T 6 0 S
Y181C 5 45 ILR
Y181l 1 60 HLR
Y188L 1 60 HLR
G190A 1 15 LLR
G190E 1 60 HLR
H221Y 2 10 PLLR
P225H 2 S
F227L 3] 5 S
N348| 1 0 S

Synergistic combinations
K103N + L100!l 1 60 HLR
K103N + M184V 10 0 S
K103N + V108l 3 5 S
K103N + K65R 2 0 S
K103N +Y181C 2 45 ILR
V1061 + V179l 2 5 S
E138A +V179E 2 20 LLR
V106! +Y181C 1 60 HLR
K103N + P225H 1 0 S

Each mutation was counted once per patient. Combination mutations were defined as the
simultaneous presence of all listed mutations within the same genotypic test. Mutations not
detected in any patient included: K101P, K101H, K103H, K103T, V106L, V106M, E138G,
E138Q, E138R, Y181F, Y181G, Y181S, Y188C, Y188H, G190C, G190E, G190Q, G190S,
G190T, G190V, F227Y, M230I, M230L, L234l, P236L, K238N, K238T, and Y318F.

®Resistance interpretation was performed using the Stanford HIV Drug Resistance
Database (HIVdb), Stanford University (https:/hivdb.stanford.edu).

Abbreviations: RAMs, resistance-associated mutations; NNRTI, non-nucleoside/nucleotide
reverse transcriptase inhibitor; RPV, rilpivirine.

episodes of detectable viremia (140, 215, and 58 copies/mL) be-
fore the data cutoff, although criteria for virological failure were
not met (Figure 2). Adherence was evaluated in all patients with
viral blips. All patients except one received treatment within the
scheduled dosing window. The only patient with suboptimal
adherence had delays in 2 injections, although their proportion
of days covered remained >90%, indicating a high overall level
of treatment adherence.

DISCUSSION

In this real-world study, CAB + RPV LA demonstrated similar
rates of virologic suppression among PWH with a previous

Any
Resistance

Drug PLLR LLR ILR HLR Level
Doravirine, n (%)  9(8.1) 763 0(0) 5 (4.5) 21 (18.9)
Efavirenz, n (%) 4(12.6) 9(8.1) 3(2.7) b1 (46) 77 (69.4)
Etravirine, n (%) 3(11.7) 763 6(5.4) 1(0.9) 27 (24.3)
Nevirapine, n (%) 7 (6.3) 4(12.6) 5(45) 53(47.8 79(71.2)
Rilpivirine, n (%) 2(1.8) 5(13.6) 6(5.4) 5 (4.5) 28 (25.2)

Resistance levels were defined according to the Stanford HIVdb algorithm.

Abbreviations: PLLR, potential low-level resistance; LLR, low-level resistance; ILR,
intermediate-level resistance; HLR, high-level resistance.

history of non-RPV NNRTI RAMs detected in plasma
HIV-RNA compared with those without prior NNRTI RAMs.

Consistent with our findings, other reports and studies evaluat-
ing oral dual combinations of RPV with integrase inhibitors have
described good effectiveness in people with non-RPV NNRTI
RAMs [8, 9, 23-26]. To our knowledge, this is the largest real-
world cohort published to date assessing the effectiveness of
CAB + RPV LA in patients harboring NNRTT RAMs. Other real-
world studies have reported heterogeneous results regarding both
the number of patients with NNRTI-associated mutations receiv-
ing this regimen and the characterization of these mutations [8, 9,
13, 17, 24]. Moreover, detailed characterization of these muta-
tions, including resistance levels, drug-specific effects, and differ-
entiation from polymorphisms, remains scarce [9, 13, 14, 26]. In
the CARES study [23], conducted in low- and middle-income
countries, sustained virologic suppression with CAB + RPV LA
remained exceptionally high (97%) despite the detection of archi-
val NNRTT resistance mutations, including RPV-associated mu-
tations, by next-generation sequencing of proviral DNA from
peripheral blood mononuclear cells. These findings add to grow-
ing evidence that archival resistance detected in the viral reservoir
does not necessarily predict VF in clinically stable, virologically
suppressed individuals switching therapy [27, 28]. In such pa-
tients, durable treatment success is frequently maintained despite
the presence of low-frequency or historical resistance mutations
affecting components of the regimen. Importantly, our findings
extend this evidence by demonstrating high effectiveness based
on documented historical genotypes rather than proviral DNA
analyses [27, 28]. This distinction is clinically relevant because
current European labeling for CAB + RPV LA contraindicates
its use in individuals with any prior NNRTI RAMs, irrespective
of its predicted impact on RPV susceptibility [18].

We also observed no differences in the rate of blips between
the groups (6% vs 8.2%; P = .481). These findings are consistent
with real-world evidence reported by Gutiérrez et al., who de-
scribed the high effectiveness of CAB + RPV LA in patients
with RPV NNRTI RAMs and found no increase in viral blips
or intermittent episodes of detectable viremia [13, 29]. These
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Figure 2. Distribution of virological blips during follow-up across study groups. The jitter plot depicts the number and dispersion of blips observed throughout follow-up
among participants in each study group. A, non-RPV NNRTI RAMs group; (B) K103N mutation group; and (C) RPV NNRTI RAMs group. Abbreviations: RAMs,
resistance-associated mutations; NNRTI, non-nucleoside/nucleotide reverse transcriptase inhibitor; RPV, rilpivirine.

data reinforce the notion that CAB + RPV LA maintains similar
potency regardless of the presence of NNRTI RAMs.

The rate of VF in our study was very low in both groups
(0.8% vs 1.2%) and comparable to that reported in pivotal clin-
ical trials [2-5, 17, 23]. Cutrell et al reported in a pooled post
hoc analysis of 1651 participants from the phase 3/3b FLAIR,
ATLAS, and ATLAS-2 M studies that CVF was rare (1.4%
through up to 152 weeks) [16]. Confirming these findings in
real-world clinical practice is important because outcomes ob-
served under controlled trial conditions may differ from those
observed in routine care.

We also evaluated the clinical relevance of the K103N muta-
tion, one of the most frequently selected NNRTI RAMs in in-
dividuals who experienced VF with regimens containing
nevirapine or efavirenz. Given the widespread historical use
of these drugs, KI03N remains one of the most prevalent
NNRTI RAMs in both treatment-naive (as transmitted
resistance) and treatment-experienced PWH [30]. Our data
demonstrate similar effectiveness among PWH harboring this
mutation. This information may have meaningful clinical im-
plications especially in Europe, potentially expanding the num-
ber of patients eligible for this regimen.

In our series, VF occurred in only 1 patient with non-RPV
NNRTI RAMs. Specifically, this case involved a 52-year-old
woman with a body mass index of 36 kg/m” and a 23-year his-
tory of ART. She had a history of VF with documented K103N
and M184 V mutations. This case likely represents a complex
clinical scenario characterized by extensive treatment exposure
and prior failures, suggesting that overall clinical complexity
may be more relevant than the isolated presence of the
K103N mutation.

Finally, we analyzed 28 patients with RPV NNRTI RAMs, in-
cluding 5 participants with predicted high-level RPV resistance.
After a median follow-up of 13.5 (7.3-18.9) months, no VF was
observed. Notably, the previously described participant with
HLR presented 3 detectable viral loads before the data cutoff,
although criteria for virological failure were not met at that
time. After completion of the present analysis, this participant
was later reported to have met criteria for virological failure and
to have developed additional mutations associated with CAB
resistance. These individuals are not typically considered can-
didates for this regimen. However, as this was an observational
real-world study, we were unable to determine the clinical ra-
tionale for treatment selection. Therefore, these findings should
be interpreted cautiously, given the small sample size and lim-
ited follow-up. While initiating CAB + RPV LA in patients with
NNRTI mutations that preserve RPV susceptibility may be
clinically reasonable, its use in individuals with established
RPV RAMs cannot be recommended based on the current ev-
idence [31-33]. Multivariable analyses have consistently iden-
tified RPV RAMs as major risk factors for CAB + RPV LA
failure [15, 16].

Our study had several limitations. First, key variables, in-
cluding prior VF and RAMs, were collected retrospectively, in-
troducing the potential for information bias. Second, the
relatively small number of participants with NNRTI RAMs re-
flects real-world prescribing practices but limits the subgroup
analyses. Given the high proportion of participants with base-
line RAMs and the limited number of patients with mutations
emerging after VF, these findings cannot be generalized to pa-
tients with prior VF. Third, follow-up procedures were not
standardized across the centers, resulting in heterogeneity in
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data collection. Finally, the observational design precludes
causal inference, and residual confounding cannot be excluded
despite the predefined analytical criteria.

This study also has several strengths. First, this nationwide
multicenter study included 58 sites across Spain, capturing sub-
stantial heterogeneity in clinical practice and enhancing its ex-
ternal validity. Second, the reference group was carefully
defined to minimize confounding. Participants with character-
istics associated with an increased risk of VF, including detect-
able viremia, subtype A6/A1, and prior VF, were excluded [15,
16]. Third, this interim analysis includes a detailed characteri-
zation of RAMs and their predicted impact on drug susceptibil-
ity. Finally, CVF was defined as a single HIV-1 RNA
measurement >500 copies/mL, a more stringent criterion
than that used in the current consensus guidelines [22].

The favorable outcomes observed are particularly relevant
given that most NNRTI RAMs identified were transmitted
rather than acquired during the prior treatment failure.
Consistent with this concern, WHO reports have highlighted
the increasing global prevalence of transmitted NNRTI resis-
tance, including mutations affecting RPV [30, 34].

In conclusion, CAB + RPV LA demonstrated high and dura-
ble virologic effectiveness in carefully selected PWH harboring
NNRTI RAMs that were not predicted to compromise RPV ac-
tivity. In the absence of major baseline risk factors for VF, in-
cluding clinically relevant RPV resistance, HIV-1 subtype A6/
Al, or multiple concurrent risk determinants, the presence of
certain NNRTI mutations did not adversely affect treatment
outcomes. Nevertheless, given the observational design, limited
number of resistance cases, and global prevalence of transmit-
ted NNRTI resistance, these findings should be interpreted
with caution. Additional data from larger and more heteroge-
neous cohorts are required.
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