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Background. Cabotegravir (CAB) + rilpivirine (RPV) dosed intramuscularly monthly or every 2 months is a complete, long- 
acting (LA) regimen for the maintenance of HIV-1 virologic suppression. Here, we report the antiretroviral therapy as long 
acting suppression (ATLAS)-2M study week 152 results.

Methods. ATLAS-2M is a phase 3b, randomized, multicenter study assessing the efficacy and safety of CAB+RPV LA every 8 weeks 
(Q8W) versus every 4 weeks (Q4W). Virologically suppressed (HIV-1 RNA <50 copies/mL) individuals were randomized to receive 
CAB+RPV LA Q8W or Q4W. Endpoints included the proportion of participants with plasma HIV-1 RNA ≥50 copies/mL and 
<50 copies/mL, incidence of confirmed virologic failure (CVF; 2 consecutive measurements ≥200 copies/mL), safety, and tolerability.

Results. A total of 1045 participants received CAB+RPV LA (Q8W, n = 522; Q4W, n = 523). CAB+RPV LA Q8W demonstrated 
noninferior efficacy versus Q4W dosing, with 2.7% (n = 14) and 1.0% (n = 5) of participants having HIV-1 RNA ≥50 copies/mL, 
respectively, with adjusted treatment difference being 1.7% (95% CI: 0.1–3.3%), meeting the 4% noninferiority threshold. At week 
152, 87% of participants maintained HIV-1 RNA <50 copies/mL (Q8W, 87% [n = 456]; Q4W, 86% [n = 449]). Overall, 12 (2.3%) 
participants in the Q8W arm and 2 (0.4%) in the Q4W arm had CVF. Eight and 10 participants with CVF had treatment-emergent, 
resistance-associated mutations to RPV and integrase inhibitors, respectively. Safety profiles were comparable, with no new safety 
signals observed since week 48.

Conclusions. These data demonstrate virologic suppression durability with CAB+RPV LA Q8W or Q4W for ∼3 years and 
confirm long-term efficacy, safety, and tolerability of CAB+RPV LA as a complete regimen to  maintain HIV-1 virologic suppression.
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Advances in antiretroviral therapy (ART) have improved dura-
ble virologic suppression and significantly reduced the morbid-
ity and mortality associated with human immunodeficiency 
virus (HIV) infection [1, 2], transforming HIV from a fatal con-
dition to a manageable chronic disease. Although effective, cur-
rent oral ART regimens require high levels of adherence to 
maintain virologic suppression [3]. Treatment interruption is 
associated with rebound viremia, increased risk of transmis-
sion, and increased morbidity and mortality [3, 4]. In addition, 
daily oral ART regimens have several inherent challenges for 
some people with HIV (PWH), including fear of disclosure, 
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stigmatization, anxiety related to staying adherent, and the dai-
ly reminder of HIV status [5, 6]. Therefore, patients and pro-
viders have expressed interest in long-acting (LA) ART 
treatments with reduced dosing frequencies [7, 8].

Cabotegravir (CAB), an integrase strand transfer inhibitor 
(INSTI), and rilpivirine (RPV), a nonnucleoside reverse tran-
scriptase inhibitor, have been developed for LA administration 
as intramuscular injections [9–11]. CAB+RPV LA has been ap-
proved for monthly dosing and every-2-month (Q2M) dosing in 
Australia, Canada, the European Union, and the United States 
[12–15]. Q2M dosing is commercially available in Australia, 
Austria, Belgium, Canada, Denmark, Finland, France, 
Germany, Hong Kong, Ireland, Italy, Japan, Norway, Poland, 
Sweden, Switzerland, Taiwan, the Netherlands, the United 
Kingdom, and the United States. Approval of monthly dosing 
was based on the ongoing phase 3 antiretroviral therapy as 
long acting suppression (ATLAS) (NCT02951052) and first 
long-acting injectable regimen (FLAIR) (NCT02938520) stud-
ies, which demonstrated CAB+RPV LA dosed every 4 weeks 
(Q4W) was noninferior to daily oral ART over 48 weeks, with 
continued high rates of virologic suppression through 96 weeks 
of treatment [9, 11, 16, 17]. Approval of Q2M dosing was based 
on the ongoing phase 3b ATLAS-2M (NCT03299049) study 
[10, 18], which demonstrated CAB+RPV LA dosed every 8 weeks 
(Q8W) was noninferior to Q4W dosing over 48 and 96 weeks, 
with similar safety profiles. Additionally, most participants pre-
ferred Q8W dosing over Q4W dosing and oral ART [10].

Here, we report the efficacy, safety, tolerability, and patient- 
reported outcomes through 152 weeks of CAB+RPV LA treat-
ment dosed Q8W and Q4W from the phase 3b ATLAS-2M study.

METHODS

Study Design

ATLAS-2M is a phase 3b randomized, open-label, active- 
controlled, multicenter, parallel-group noninferiority study to 
evaluate the efficacy, safety, and tolerability of CAB+RPV LA 
administered Q8W versus Q4W in virologically suppressed 
PWH. The full inclusion and exclusion criteria, study design, 
and procedures have been previously published [10]. The full 
study protocol is available online [19].

The ATLAS-2M study was conducted following the 
Declaration of Helsinki [20]. All participants provided written 
informed consent. The study protocol, amendments, in-
formed consent, and other information that required preap-
proval were reviewed and approved by a national, regional, 
or investigational center ethics committee or institutional 
review board.

Randomization

Full details of randomization have been published previously 
[10]. Participants were randomly assigned (unblinded) 1:1 to 
receive CAB+RPV LA Q8W or Q4W. Randomization was 

stratified by previous CAB+RPV exposure (0 weeks, 1–24 weeks, 
>24 weeks) to account for individuals who transitioned from the 
ATLAS study having received CAB+RPV LA [10].

Outcomes

The primary endpoint was the proportion of participants with 
plasma HIV-1 RNA of 50 copies/mL or greater at week 48 us-
ing the US Food and Drug Administration Snapshot algorithm 
[21], as previously published [10]. Endpoints assessed at week 
152 included the following: the proportion of participants 
with plasma HIV-1 RNA less than 50 copies/mL and HIV-1 
RNA of 50 copies/mL or greater, incidence of confirmed viro-
logic failure (CVF; 2 consecutive plasma HIV-1 RNA measure-
ments ≥200 copies/mL), treatment-emergent genotypic and 
phenotypic resistance, incidence and severity of adverse events 
(AEs), proportion of discontinuations due to AEs, CAB+RPV 
pharmacokinetics, and treatment satisfaction measured using 
the HIV Treatment Satisfaction Questionnaire status version 
(HIVTSQs) [22].

Statistical Analysis

The efficacy analyses performed at week 152 included the pro-
portion of participants with plasma HIV-1 RNA less than 
50 copies/mL and 50 copies/mL or greater, per the Snapshot al-
gorithm at week 152, based on the intention-to-treat exposed 
(ITT-E) population and per-protocol population. The analysis 
method and stratification factors from the primary analyses 
[10] were used, with modifications to include coronavirus dis-
ease 2019 (COVID-19)–related reasons for participants having 
no virologic data.

RESULTS

Participant Characteristics and Disposition

Overall, 1045 participants were included in the ITT-E popula-
tion (Q8W, n = 522; Q4W, n = 523); 391 (37%) participants 
had prior CAB+RPV exposure. Baseline characteristics were 
previously published [10]. The number of participants in the 
study at the week 152 data cutoff was similar in both arms 
(Q8W, n = 452 [87%]; Q4W, n = 447 [85%]) (Figure 1). 
Overall, there were 139 treatment withdrawals (Q8W, n = 65 
[12%]; Q4W, n = 74 [14%]), including 20 participants in the 
Q8W arm and 24 participants in the Q4W arm since the 
96-week analysis [18]. The most common reason for withdraw-
al was participant decision, which occurred less frequently in 
the Q8W arm than in the Q4W arm (3% vs 7%). The most com-
mon reasons for withdrawal by a participant included frequen-
cy of visits (Q8W, n = 4 [<1%]; Q4W, n = 10 [2%]), participant 
relocation (Q8W, n = 1 [<1%]; Q4W, n = 6 [1%]), and injec-
tion intolerability (Q8W, n = 1 [<1%]; Q4W, n = 8 [2%]).

Most injection visits occurred within the 7-day window 
(Q8W, n = 9509/9809 [97%]; Q4W, n = 18 829/19 321 [97%]) 
(Supplementary Figure 1). Overall, 44 (<1%) injection visits 
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in the Q8W group and 98 (<1%) injection visits in the Q4W 
group were missed (outside the ±7-day window with oral ther-
apy), and participants were administered CAB+RPV oral ther-
apy (Q8W, n = 37/9809 [<1%]; Q4W, n = 90/19 321 [<1%]) or 
an alternative oral ART regimen (Q8W, n = 7/9809 [<1%]; 
Q4W, n = 8/19 321 [<1%]) until resuming injectable therapy. 
Most interruptions occurred after week 96 (Q8W, n = 31/37 
[84%]; Q4W, n = 65/90 [72%]). In total, 38 (<1%) injection visits 
in the Q8W group and 69 (<1%) injection visits in the Q4W group 
were missed due to COVID-19 infection or clinic disruption. One 
injection visit (Q8W; week 112) was missed without oral coverage 
(COVID-19 related); this participant resumed CAB+RPV LA at 
week 128 and maintained virologic suppression.

Efficacy

After 152 weeks of therapy, Q8W dosing of CAB+RPV LA con-
tinued to demonstrate similar antiviral activity compared with 
Q4W dosing (Table 1). At week 152, 14 (3%) participants in the 
Q8W arm and 5 (1%) in the Q4W arm had HIV-1 RNA of 
50 copies/mL or greater. The adjusted treatment difference in 
proportions was 1.7% (95% confidence interval [CI]: .1– 
3.3%), meeting the prespecified 4% noninferiority threshold. 
At week 152, 87% (n = 456/522) of participants in the Q8W 
arm and 86% (n = 449/523) in the Q4W arm had HIV-1 
RNA of less than 50 copies/mL. The adjusted treatment differ-
ence (Q8W – Q4W arm) in proportions was 1.5% (95% CI: 
−2.6% to 5.6%), meeting the prespecified −10% noninferiority 

threshold. Tests for homogeneity were not significantly different 
by prior CAB+RPV exposure strata (HIV-1 RNA: <50 copies/mL 
[P = .441]; ≥50 copies/mL [P = .146]). No treatment differenc-
es between Q8W and Q4W dosing regimens for the proportion 
of participants with HIV-1 RNA of 50 copies/mL or greater and 
less than 50 copies/mL were observed within most of the demo-
graphic and baseline characteristic subgroups (Supplementary 
Figures 2 and 3).

Virologic Failure

Overall, there were numerically more virologic failures in the 
Q8W arm (2% [n = 12/522]), including 2 participants since 
week 96 [18], than in the Q4W arm (<1% [n = 2/523]; no 
new CVFs since week 48). An additional participant in the 
Q8W arm experienced a non–protocol-defined virologic fail-
ure at week 48 and is included in the total (Supplementary 
Table 1). This participant was classified as having virologic fail-
ure after the week 96 publication based on an exploratory viral 
load assay. Excluding the participant with non–protocol- 
defined virologic failure, 5 (45%) of the 11 participants with 
CVF through week 96 developed RPV resistance-associated mu-
tations (RAMs) (Y188L, K101E, K101E + E138A, E138E/K, 
K101E + M230L) in combination with INSTI RAMs (Q148Q/R + 
N155N/H, Q148R, N155H, Q148R + E138E/K). Both partici-
pants with CVF since week 96 had treatment-emergent RAMs 
to RPV (E138A + M230M/L, E138A + Y181Y/C) and INSTIs 
(Q148R) at suspected virologic failure (SVF) (Supplementary 

Figure 1. Participant disposition. No study withdrawals were due to COVID-19 adverse events; however, 2 participants withdrew for COVID-19–related reasons (travel 
restrictions, n = 1; participant did not want to return to the clinic due to the pandemic, n = 1). aA total of 1049 participants were randomized. However, 4 participants did not 
receive the study drug and therefore were not part of the ITT-E population. bSeven participants completed the maintenance phase but did not enter the extension phase (Q8W, 
n = 5; Q4W, n = 2). Abbreviations: CAB, cabotegravir; COVID-19, coronavirus disease 2019; ITT-E, intention-to-treat exposed; LA, long-acting; Q4W, every 4 weeks; Q8W, 
every 8 weeks; RPV, rilpivirine.

1648 • CID 2023:76 (1 May) • Overton et al

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad020#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad020#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad020#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad020#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad020#supplementary-data


Table 1). The additional participant who had non–protocol- 
defined virologic failure at week 48 (Q8W) had no RAMs to 
RPV or INSTIs present from baseline peripheral blood mononu-
clear cells; the RPV RAM E138K and the integrase inhibitor mu-
tation S230S/R were detected at week 56. Most cases of CVF 
occurred by or at week 48 (n = 11/14 [79%]).

Of the 14 participants with CVF, 6 (43%) had 2 or more of 
the baseline factors associated with increased risk of CVF 
with this regimen (pro-viral RPV RAMs, HIV-1 subtype A6/ 
A1, body mass index [BMI] ≥30 kg/m2) [23]. One of the 2 par-
ticipants with CVF since week 96 had an associated baseline 
factor (HIV-1 subtype A6/A1). All participants with CVF 

through 152 weeks received injections within 7 days of the 
scheduled visit. Overall, 13 of 14 (93%) participants with 
CVF achieved virologic re-suppression on subsequent oral 
ART regimens (protease inhibitor-based regimen [71%, n = 
10/14] or dolutegravir [DTG]-based regimen [21%, n = 3/14]); 
the participant who did not re-suppress was nonadherent to 
the subsequent oral therapy, as reported previously [10].

Safety

CAB+RPV LA was well tolerated, with similar AE profiles be-
tween arms (Table 2). Drug-related AEs (per investigator as-
sessment) were common and comparable across arms (Q8W, 

Table 1. Efficacy Outcomes at Week 152 (FDA Snapshot Algorithm)

Outcome at Week 152
Q8W 

(n = 522), n (%)
Q4W 

(n = 523), n (%)
Adjusteda Difference 

(95% CI)

ITT-E analysis

HIV-1 RNA ≥50 copies/mLb 14 (2.7) 5 (1.0) 1.7 (.1, 3.3)

Data in window not below threshold 1 (0.2) 0 …

Discontinued for lack of efficacy 12 (2.3) 4 (0.8) …

Discontinued for other reason while not below threshold 1 (0.2) 1 (0.2) …

Change in background therapy 0 0 …

HIV-1 RNA <50 copies/mLc 456 (87.4) 449 (85.9) 1.5 (−2.6, 5.6)

No virologic data 52 (10.0) 69 (13.2) …

Discontinued study due to AE or deathd 23 (4.4) 24 (4.6) …

Discontinued study for other reasone 28 (5.4) 44 (8.4) …

On study but missing data in window 1 (0.2)f 1 (0.2) …

Test for homogeneity by strata for HIV-1 RNA ≥50 copies/mL

Prior exposure to CAB+RPV

0 weeks 10/327 (3.1) 5/327 (1.5) 1.5 (−.9, 4.2)

1–24 weeks 4/69 (5.8) 0/68 (0) 5.8 (.2, 14.2)

>24 weeks 0/126 (0) 0/128 (0) 0

P-value test of homogeneityg .146

Test for homogeneity by strata for HIV-1 RNA <50 copies/mL

Prior exposure to CAB+RPV

0 weeks 279/327 (85.3) 271/327 (82.9) 2.4 (−3.2, 8.1)

1–24 weeks 62/69 (89.9) 64/68 (94.1) −4.3 (−14.8, 5.6)

>24 weeks 115/126 (91.3) 114/128 (89.1) −2.2 (−5.6, 10.0)

P-value test of homogeneityg .441

Per-protocol analysis

HIV-1 RNA ≥50 copies/mL 12/510 (2.4) 5/513 (1.0) 1.4 (−0.2, 2.9)

HIV-1 RNA <50 copies/mL 450/510 (88.2) 446/513 (86.9) 1.3 (−2.7, 5.3)

CVF (ITT-E population)

CVF between week 96 and 152 analyses 3 (0.6)h 0 …

Total CVFs through week 152 12 (2.3) 2 (0.4) …

Abbreviations: AE, adverse event; CAB, cabotegravir; CI, confidence interval; COVID-19, coronavirus disease 2019; CVF, confirmed virologic failure; FDA, US Food and Drug Administration; 
HIV-1, human immunodeficiency virus type 1; ITT-E, intention-to-treat exposed; LA, long-acting; Q4W, every 4 weeks; Q8W, every 8 weeks; RPV, rilpivirine; SVF, suspected virologic failure.  
aCochran–Mantel–Haenszel stratified analysis adjusting for prior CAB+RPV LA exposure (0, 1–24, or >24 weeks).  
bNoninferiority was determined if the upper bound of the 95% CI about the adjusted Q8W–Q4W difference was below 4%.  
cNoninferiority was determined if the lower bound of the 95% CI about the adjusted Q8W–Q4W difference was above −10%.  
dFour deaths occurred since the 96-week analysis (Q8W, n = 2; Q4W, n = 2).  
eOther reasons included: Q8W—withdrawal by participant (n = 16), physician decision (n = 5), protocol deviation (n = 2), protocol-specified withdrawal criterion met (n = 2), lost to follow-up 
(n = 2), lack of efficacy (n = 1); Q4W—withdrawal by participant (n = 33), protocol deviation (n = 4), physician decision (n = 3), protocol-specified withdrawal criterion met (n = 3), lost to 
follow-up (n = 1).  
fMissing data were related to COVID-19.  
gOne-sided P value from weighted least-squares chi-square statistic. A P value <.10 indicates statistically significant evidence of heterogeneity in the difference in proportions across levels 
of each analysis stratum.  
hOne participant had a non–protocol-defined virologic failure. This participant met the SVF criterion at week 48 with an HIV-1 RNA value of 918 copies/mL; however, virologic failure was not 
confirmed at the week 48 retest result (39 copies/mL). At week 56, HIV-1 RNA was elevated again at 1038 copies/mL.
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n = 427 [82%]; Q4W, n = 427 [82%]). This finding is largely at-
tributable to injection-site reactions (ISRs), which represent 
64% (n = 545/854) of all participants with drug-related AEs. 
Excluding ISRs, 27% (n = 142) of participants in the Q8W arm 
and 32% (n = 167) in the Q4W arm experienced a drug-related 
AE. The most commonly occurring AEs and drug-related AEs, ex-
cluding ISRs, are listed in Table 2. Most AEs were grade 1 or 2 (n = 
848/1011 [84%]). A total of 23 (4%) participants in the Q8W arm 
and 25 (5%) participants in the Q4W arm had AEs leading to 
withdrawal. Of these participants, 5 withdrew from the Q8W 
arm and 6 withdrew from the Q4W arm after week 96. No 
drug-related serious AEs (SAEs) were reported after week 96 
[10, 18]. Since the week 96 analyses, 4 deaths occurred, as detailed 
in Table 2; none were considered by the investigator to be related 
to the study drugs. No additional safety signals were identified 
since the week 48 analysis [10].

Overall, 60 041 injections were administered with 9662 ISRs 
(Table 3). Most ISRs were grade 1 or 2 (n = 9558/9662 [99%]), 
with a median duration of 3 days (interquartile range [IQR]: 

2–5 days) for both treatment arms, and 84% (n = 8071/ 
9663) resolved within 7 days. There were no grade 4 or 5 
ISRs. Injection-site pain was the most frequent ISR in both 
treatment groups (Q8W, 77% of ISRs [n = 3189/4168]; 
Q4W, 76% of ISRs [n = 4180/5494]). The types and severity 
of ISR events were similar between treatment arms, except 
for injection-site nodules, which occurred more often in the 
Q4W group. The number of participants reporting ISRs at 
each visit decreased over the first 48 weeks and remained sta-
ble thereafter (Figure 2). Four participants withdrew due to 
injection-related reasons since the week 96 analysis, citing in-
jection intolerability.

Median (IQR) weight gain from baseline to week 152 was 
+2.0 kg (−0.6 to 6.0 kg) in the Q8W arm and +1.7 kg (−1.2 
to 5.0 kg) in the Q4W arm, of which +0.2 kg and +0.35 kg 
was gained between week 96 and week 152, respectively. 
Most participants remained in the same BMI category since 
baseline (Q8W, n = 332/522 [64%]; Q4W, n = 343/523 [66%]) 
(Supplementary Figure 4).

Table 2. Adverse Event Summary

Cumulative Week 152 Data 
Analysis,a n (%)

Participants With Incident AEs 
Between Week 96 and Week 152 

Data Analyses, n (%)

Q8W (n = 522) Q4W (n = 523) Q8W (n = 522) Q4W (n = 523)

Any AE 503 (96) 508 (97) 15 (3) 9 (2)

Drug-related AEs 427 (82) 427 (82) 12 (2) 14 (3)

Excluding ISRs 142 (27) 167 (32) 20 (4) 21 (4)

Any grade 2 to 5 AE 367 (70) 377 (72) 42 (8) 44 (8)

Drug-related 195 (37) 210 (40) 17 (3) 23 (4)

Leading to withdrawal 23 (4) 25 (5) 5 (1) 6 (1)

Drug-related 12 (2) 18 (3) 0 3 (<1)

Any SAE 49 (9) 44 (8) 16 (3) 16 (3)

Drug-relatedb 4 (<1) 3 (<1) 0 0

Fatal SAEs 3 (<1) 3 (<1)c 2 (<1)d 2 (<1)e

Drug-related 0 0 0 0

Common non-ISR AEs (≥10% in either treatment group)

Nasopharyngitis 97 (19) 105 (20) 7 (1) 9 (2)

Upper respiratory tract infection 80 (15) 98 (19) 8 (2) 4 (<1)

Headache 66 (13) 82 (16) 14 (3) 35 (7)

Back pain 64 (12) 77 (15) 19 (4) 29 (6)

Arthralgia 62 (12) 65 (12) 31 (6) 29 (6)

Diarrhea 56 (11) 66 (13) 12 (2) 13 (2)

Pyrexia 48 (9) 73 (14) 10 (2) 26 (5)

Cough 37 (7) 59 (11) 4 (<1) 17 (3)

Common non-ISR drug-related AEs (≥3% in either treatment group)

Pyrexia 23 (4) 33 (6) 3 (<1) 8 (2)

Fatigue 11 (2) 23 (4) 0 2 (<1)

Abbreviations: AE, adverse event; ISR, injection-site reaction; Q4W, every 4 weeks; Q8W, every 8 weeks; RPV, rilpivirine; SAE, serious adverse event.  
aWeek 48 and week 96 data have been presented previously [10, 18].  
bDrug-related SAEs (per investigator assessment) were injection-site abscess (n = 1), osteonecrosis (n = 1), presyncope (n = 1), and acute pancreatitis and sepsis (n = 1) in the Q8W arm, and 
hypersensitivity and suspected (partial) intravenous administration of RPV (n = 1), drug hypersensitivity and suspected postinjection reaction (n = 1), and myocardial infarction (n = 1) in the 
Q4W group.  
cAn additional participant died 2 months after completing the long-term follow-up. This was due to respiratory failure secondary to cardiac arrest.  
dSuicide (n = 1) and pancreatic cancer (n = 1).  
eCardiac arrest (n = 1) and chronic obstructive pulmonary disease and chronic renal failure (n = 1).
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Since the week 96 analysis, no clinically meaningful differ-
ences were observed between the Q8W and Q4W arms for 
any electrocardiogram parameters or vital signs. Six partici-
pants (Q8W, n = 4 [1%]; Q4W, n = 2 [<1%]) had alanine 

aminotransferase elevations at least 3 times the upper limit of 
the normal range since week 96, 4 (<1%) of whom continued 
treatment. The remaining 2 (<1%) participants met the liver- 
stopping criteria (ie, abnormal alanine aminotransferase and 
bilirubin concentrations). One event was associated with fatal 
pancreatic cancer. The other participant had chronic HIV 
and hepatitis C coinfection with a history of binge alcohol 
abuse and continued receiving CAB+RPV LA dosing. Both 
were deemed not drug-related per investigator assessment.

Pharmacokinetics

The median CAB and RPV pre-dose concentrations for both 
dosing regimens are shown in Supplementary Figure 5. At 
week 152, geometric mean CAB pre-dose concentrations 
ranged from 1.45 μg/mL to 1.98 μg/mL for the Q8W arm and 
2.75 μg/mL to 2.83 μg/mL for the Q4W arm across the 3 previ-
ous CAB+RPV exposure strata and were comparable to the 
week 48 and week 96 results. Geometric mean RPV pre-dose 
concentrations at week 152 ranged from 95.7 ng/mL to 
105 ng/mL for the Q8W arm and 132 ng/mL to 153 ng/mL 
for the Q4W arm across the 3 previous CAB+RPV exposure 
strata. Geometric mean RPV pre-dose concentration in partic-
ipants in the Q8W arm increased from 65.4 ng/mL at week 48 
to 95.7 ng/mL at week 152 for participants with no prior expo-
sure, and from 77.6 ng/mL at week 48 to 105 ng/mL at week 
152 for participants with 1–24 weeks of previous exposure. 
These findings are consistent with the 28-week half-life of 
RPV LA, resulting in ongoing accumulation beyond the first 
year of treatment. In participants with more than 24 weeks of 
prior exposure, apparent steady state for RPV was achieved 
by week 48, with little further accumulation at week 152.

Plasma drug concentrations for participants with CVF 
(Supplementary Table 1) were generally in the first quartile of 
the overall study geometric mean values, but above the 

Table 3. Injection-Site Reactions

Q8W  
(n = 522)

Q4W  
(n = 523)

Number of injections 20 563 39 478

Number of ISR eventsa 4168 5494

Grade or intensityb

Grade 1c 3343 (80) 4571 (83)

Grade 2c 771 (18) 873 (16)

Grade 3c 54 (1) 50 (<1)

Type of ISR adverse events (≥1% of injections as 
reported)

Injection-site paind,e 3189 (16) 4180 (11)

Injection-site noduled,f 259 (1) 457 (1)

Duration (days)

1–7c 3477 (83) 4594 (84)

8–14c 368 (9) 435 (8)

>14c 292 (7) 425 (8)

Median (IQR), days 3 (2–5) 3 (2–5)

Participants withdrawing for injection-related 
reasonsg

8 (2) 14 (3)

Data are presented as n (%) unless otherwise indicated.  

Abbreviations: IQR, interquartile range; ISR, injection-site reaction; Q4W, every 4 weeks; 
Q8W, every 8 weeks.  
aEach ISR event was counted separately. A participant may have had multiple ISR events 
following a single injection.  
bThere were no grade 4 or grade 5 ISRs.  
cPercentages are calculated from the total number of ISR events.  
dPercentages are calculated from the total number of injections.  
eQ8W: 3189 injection-site pain events occurred in 398/522 (76%) participants; Q4W: 4180 
injection-site pain events occurred in 387/523 (74%) participants.  
fQ8W: 259 injection-site nodule events occurred in 91/522 (17%) participants; Q4W: 457 
injection-site nodule events occurred in 141/523 (27%) participants.  
gPercentages are calculated from the total number of participants with injections (Q8W, n = 
516/522 [99%]; Q4W, n = 517/523 [99%]).

Figure 2. ISRs over time. aAE grade is the maximum grade reported by the participant at each visit. bThere were no grade 4 or 5 ISRs. Abbreviations: AE, adverse event; 
CAB, cabotegravir; ISR, injection-site reaction; LA, long-acting; NA, not applicable; Q4W, every 4 weeks; Q8W, every 8 weeks; RPV, rilpivirine.
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protein-adjusted concentration required for 90% inhibition 
(PA-IC90) values for both agents.

Plasma CAB and RPV concentrations were available for 
95 participants (Q8W, n = 48/522 [9%]; Q4W, n = 47/523 
[9%]) who stopped injectable therapy and entered the long- 
term follow-up phase, with concentrations shown in 
Supplementary Table 2. Notably, the geometric mean value re-
mained above the PA-IC90 value 6 months after the last injec-
tion for CAB and 12 months for RPV.

Treatment Satisfaction

In participants without prior CAB+RPV exposure, HIVTSQs 
mean scores markedly increased from baseline to week 152 
for both treatment arms, and significantly favored Q8W dosing 
at all 3 time points (Supplementary Figure 6).

DISCUSSION

The noninferior efficacy of CAB+RPV LA Q8W dosing com-
pared with Q4W dosing at week 152 of the phase 3b 
ATLAS-2M study confirms and extends the 48-week and 
96-week results, demonstrating that CAB+RPV LA dosed 
Q8W is a durable and effective therapy for the maintenance 
of HIV-1 virologic suppression in PWH. At week 152, 2.7% 
of participants receiving CAB+RPV LA Q8W and 1.0% receiv-
ing Q4W had HIV-1 RNA of 50 copies/mL or greater. Overall, 
87% of participants maintained virologic suppression after 
152 weeks of LA therapy (Q8W or Q4W), supporting the dura-
bility of CAB+RPV LA over approximately 3 years. Virologic 
failure through week 152 occurred more frequently in the 
CAB+RPV LA Q8W arm (2%) than in the Q4W arm (<1%). 
Similar rates have been reported in switch studies of dual oral 
therapy with DTG-RPV, with 1% of participants meeting the 
protocol-defined confirmed virologic withdrawal criteria 
(HIV-1 RNA ≥50 copies/mL and a confirmatory measurement 
of HIV-1 RNA ≥200 copies/mL) at week 148 of the SWORD-1 
and SWORD-2 studies (Regimen Switch to Dolutegravir + 
Rilpivirine From Current Antiretroviral Regimen in Human 
Immunodeficiency Virus Type 1 Infected and Virologically 
Suppressed Adults) [24]. Participant retention was high through 
week 152, with 87% (n = 452) of Q8W and 85% (n = 447) of 
Q4W participants remaining in the study, demonstrating that 
most participants receiving injectable therapy wanted to contin-
ue injections after approximately 3 years of CAB+RPV. These 
Q8W data have recently been replicated in the CARISEL study 
[25].

Treatment compliance was high, with 97% (n = 28 338/29 130) 
of injections received within the allowed dosing window and 
only 1 injection missed without a planned alternative oral 
therapy (COVID-19 related). The use of oral therapy to cover 
missed doses increased during the extension phase (post– 
week 100), mainly attributable to COVID-19–related clinic 

disruption. Missed injections were more frequent in the 
Q4W arm than in the Q8W arm, suggesting that the longer 
dosing intervals may offer additional flexibility to better ac-
commodate participants’ schedules or an emergent pandemic. 
There were fewer withdrawals due to participant choice in the 
Q8W arm (n = 17 [3%]) compared with the Q4W arm (n = 36 
[7%]), which may reflect this increased convenience of Q8W 
dosing.

Since the week 96 analysis, 2 additional participants in the 
Q8W arm had CVF. No additional CVFs occurred in the 
Q4W arm. One non–protocol-defined failure (<1%, n = 1/ 
1045) was identified at week 48 and is also reported. Except 
for 1 participant who was nonadherent to the subsequent oral 
therapy, these (n = 13/14) participants achieved re-suppression 
on an alternative oral treatment regimen (protease inhibitor– 
based regimen [71%, n = 10/14] or DTG-based regimen 
[21%, n = 3/14]). Seven participants with CVF in the Q8W 
arm and 1 participant in the Q4W arm developed RPV 
RAMs through week 152. The 2 participants with CVF since 
the week 96 analysis had no RPV or INSTI RAMs at baseline; 
however, both had treatment-emergent RAMs in SVF samples 
(Supplementary Table 1). The RPV RAMs were detected in pre-
vious ATLAS-2M participants with CVF [10, 18].

Multivariable analyses of phase 3 studies, including 
ATLAS-2M, identified 3 baseline factors associated with in-
creased risk of CVF when present in combination of 2 or 
more factors (pro-viral RPV RAMs, HIV-1 subtype A6/A1, 
and/or BMI ≥30 kg/m2) during the first year of CAB+RPV ini-
tiation [23]. Dosing regimen (Q8W vs Q4W) was not identified 
as a significant risk factor [23]. Although 6 of 14 (43%) partici-
pants with CVF had 2 or more of these associated factors at base-
line, only 1 of the 2 participants with CVF since week 96 had an 
associated baseline factor (HIV-1 subtype A6/A1). Expanded 
multivariable analyses of predictors of CVF are ongoing.

CAB+RPV LA was well tolerated, with a comparable safety 
profile between the treatment arms. Specifically, the propor-
tions of participants reporting SAEs, AEs, and AEs leading to 
withdrawal were similar for Q8W and Q4W dosing, consistent 
with previous analyses [10, 18]. No new safety signals were 
identified since the week 48 analysis. The number of ISRs expe-
rienced across both treatment arms was similar and consistent 
with previous analyses from ATLAS [17], FLAIR [16], and 
ATLAS-2M [10, 18], with most ISRs being mild to moderate 
and short lived, with few discontinuations. The frequency of 
ISRs at each visit decreased over the first 48 weeks and re-
mained consistent thereafter, as demonstrated in the FLAIR 
96-week analysis [16]. The median weight change at week 
152 increased since the week 96 analysis [18] but remained sim-
ilar to that reported in a pooled analysis of clinical trials for oth-
er INSTIs [26].

CAB+RPV LA demonstrated high satisfaction levels in both 
treatment arms, with participants favoring the Q8W dosing 
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regimen at all time points. This aligns with the high satisfaction 
and preference for CAB+RPV LA in patient-reported outcome 
analyses [17, 27].

The observed CAB and RPV plasma concentrations were 
consistent with previous observations. Mean CAB and RPV 
concentrations were lower in participants receiving Q8W dos-
ing compared with Q4W dosing. For both regimens, the con-
centrations were above the respective PA-IC90 values, and 
virologic suppression was similar for both dosing regimens. 
For both regimens, RPV appeared to reach near steady state 
by week 96, and steady state was confirmed for CAB by week 48. 
This is consistent with the longer half-life for RPV (13–28 weeks) 
compared with CAB (5.6–11.5 weeks) [14]. CAB and RPV concen-
trations following Q4W dosing recapitulated those observed with 
Q4W dosing in FLAIR, and concentrations for Q8W dosing 
were consistent with those observed with Q8W dosing in 
LATTE-2  (long-acting intramuscular cabotegravir and rilpivirine 
in adults with HIV-1 infection) and ATLAS [9, 16, 17, 28].

Variable RPV concentrations have been observed in real- 
world evidence studies and are potentially associated with ther-
apeutic failure or toxicity; however, the majority of participants 
with CVF in the present study had RPV concentrations 3-fold 
greater than the PA-IC90 [29].

Limitations

The current study has several limitations. The lack of blinding 
may have caused participants to anticipate and report more AEs 
due to the administration of CAB+RPV LA. Due to the difference 
in dosing frequency, more frequent safety assessments were per-
formed for the Q4W arm than the Q8W arm, which may have in-
creased the number of AEs reported in the Q4W arm. A direct 
comparison with oral treatments was not possible due to the 
lack of an oral ART comparator arm. While a post hoc indirect 
analysis showed comparability of Q8W dosing with oral therapy 
[30], definitive conclusions cannot be made regarding adherence 
benefits with CAB+RPV LA versus oral ART from these data.

Conclusions

In summary, CAB+RPV LA dosed Q8W continued to be non-
inferior to Q4W therapy at 152 weeks. These long-term data 
demonstrate that CAB+RPV LA administered monthly or 
Q2M is an effective, durable, and well-tolerated treatment for 
the maintenance of HIV-1 virologic suppression.
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