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ATLAS study design

Swindells S et al 26th CROI, Boston, 2019; N Engl J Med 2021

*Participants must have been virologically suppressed on the same regimen for at least 6 months with at least 2 VL 
determinations <50 copies/mL within the previous 12 months.



ATLAS—Primary and Secondary Endpoints

Swindells S et al 26th CROI, Boston, 2019; N Engl J Med 2021



FLAIR—study design

Orkin C et al 26th CROI, Boston, 2019; N Engl J Med 2021



FLAIR—Primary and Secondary Endpoints

Orkin C et al 26th CROI, Boston, 2019; N Engl J Med 2021



Resistance data from ATLAS and FLAIR

Rizzardini G et al JAIDS 2020 



ATLAS-2M Study Design

Overton T et al Lancet 2021



ATLAS-2M Week 48 Snapshot Outcomes

Overton T et al CROI 2020; Lancet 2021



Injection site reactions in ATLAS-2M

Overton T et al Lancet 2021
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Baseline and multivariable analysis of factors 
influencing treatment outcome on LA-CAB/RPV
n Understanding predictors of response is important for selecting 

patients for whom a LA-CAB/RPV regimen is appropriate
n A post-hoc analysis pooled data from the three studies to explore 

potential factors associated with virologic outcome at Week 48

Cutrell AG et al AIDS 2021



Methods

n 1039 adults from the ATLAS, FLAIR and ATLAS-2M Phase 3 studies who were naïve to 
CAB+RPV LA at study entry were included in this pooled multivariable analysis

n Of the 308 ATLAS, 283 FLAIR, and 654 ATLAS-2M participants (excluding those who 
received CAB+RPV in ATLAS*), 10 participants who discontinued treatment prior to 
receiving CAB+RPV LA injections, and 196 participants with missing covariates were 
excluded

n A logistic regression model was used to examine the influence of 10 covariates known or 
suspected to contribute to virologic outcomes, including factors impacting drug 
exposure, key virus characteristics and dosing interval (Q8W vs. Q4W), on the 
occurrence of CVF

– Final model obtained using a backwards variable selection procedure:
– Initial model fitted with all 10 selected covariates
– Removed the covariate with the largest p-value (among all with p>0.20) and refit the model
– Repeated until no covariate yielded a p-value >0.2

n Covariates found to be significant and present at baseline were further evaluated to 
determine if a specific combination of covariates were more or less likely to contribute to 
CVF compared when present alone using Youden’s J statistic 

Cutrell AG et al AIDS 2021



Summary of covariates per participant



Univariate analysis of CVF outcome by 10 pre-
specified factors

Covariate present
Covariate not present

Cutrell AG et al AIDS 2021

IAS–USA major mutations associated with resistance to RPV:
L100I, K101E/P, E138A/G/K/Q/R, V179L, Y181C/I/V, Y188L, H221Y, F227C, M230I/L



Cabotegravir and rilpivirine trough concentrations 
at Week 8 (by regimen)

Cutrell AG et al AIDS 2021



Cabotegravir and rilpivirine trough concentrations 
at Week 8 (by baseline BMI)

Cutrell AG et al AIDS 2021



Multivariable regression analysis of CVF (week 48)

Cutrell AG et al AIDS 2021



Baseline factor analysis (RPV RAMs, subtype 
A6/A1, BMI ≥30 kg/m2)

Cutrell AG et al AIDS 2021



Week 48 CVF outcome by presence of key baseline factors 
(RPV RAMs, HIV-1 subtype A6/A1, and BMI ≥30 kg/m2)

BMI, body mass index; CVF, confirmed virologic failure; RAM, resistance-associated mutation; RPV, rilpivirine

Cutrell AG et al AIDS 2021



Conclusions

n Confirmed virologic failure occurred with a rate of ~1% in the LA 
arms across ATLAS, FLAIR and ATLAS-2M

n Presence of 2 or more factors associated with increased CVF risk:
– BMI ≥30 kg/m2

– A6/A1 subtype
– Presence of 2 or more RPV RAMs in proviral DNA
– (Low RPV trough concentrations at week 8)

Cutrell AG et al AIDS 2021



Effect of the L74I polymorphism on fitness of 
HIV-1 subtype A6 resistant to cabotegravir

ZX Hu, T Cordwell, JL Jeffrey and DR Kuritzkes

Hu ZX et al CROI 2022



Subtype A6 and L74I in Integrase

n Subtype A6 is the predominant HIV-1 subtype circulating in Russia 
and Eastern Europe

n 5 of 6 participants with confirmed virologic failure in ATLAS and 
FLAIR had HIV-1 A6

n Presence of A6 (A1) virus identified as independent risk factor for 
virologic failure in ATLAS, FLAIR, ATLAS-2M

n The L74I polymorphism in IN is characteristic of HIV-1 A6

Cutrell AG et al AIDS 2021
Hu ZX et al CROI 2022



Prevalence of L74I in IN of different HIV-1 subtypes

Kirichenko A et al 17th European Meeting on HIV and Hepatitis, 2017, Rome, Italy. 



Methods

n An HIV-1 IN gene based on the A6 consensus sequence (A6.IN) was synthesized 
used to construct a plasmid containing HIV-1NL4-3 pol in which the IN-coding 
region was replaced by A6.IN.

n Major CAB resistance mutations in the A6.IN backbone were introduced by site-
directed mutagenesis.

n Infectious recombinant viruses carrying the IN gene of interest were generated 
by co-transfection with a plasmid carrying an HIV-1NL4-3 backbone deleted in IN 
together with the PCR-amplified IN into 293T cells. 

n Replication capacity (RC) in the absence or presence of 2 nM CAB was 
determined in TZM-bl and MT-2.

n Viral fitness of recombinants carrying A6.IN.74I or A6.IN.74L were compared by 
growth competition assays

Hu ZX et al CROI 2022



The L74I polymorphism does not affect 
susceptibility to CAB

Hu ZX et al CROI 2022



Growth competition of HIV-1 A6 IN 74I vs 74L

Hu ZX et al CROI 2022



Replication capacity of HIV-1 A6 IN mutants in 
presence of 74L or 74I

Hu ZX et al CROI 2022



Conclusions

n Susceptibility to CAB of recombinant HIV-1 expressing the subtype A6 IN was 
similar whether L or I was present at position 74. 
– The 74L or 74I variants showed similar replication capacity on TZM-bl and MT-2 cells in the absence 

and presence of 2 nM CAB. 
– In the absence of CAB, viruses carrying 74I outcompeted 74L variants in growth competition assays, 

suggesting greater fitness of L74I in an A6 IN context.
n Presence of the L74I polymorphism conferred greater replication capacity to 

recombinant viruses expressing HIV-1 A6 IN when present together with INSTI 
resistance mutations at positions 118, 140, 148 and 263. 
– This finding may explain, in part, the association of HIV-1 subtype A6 and virologic failure observed in 

clinical trials of CAB-LA in combination with RPV-LA.
n Surprisingly, the opposite effect was observed with respect to N155H mutant, in 

which case the 74L variant showed greater replication capacity than 74I. 
– Further analysis and clinical correlation are needed to understand the significance of this finding.

Hu ZX et al CROI 2022
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