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Abstract

Purpose: This review highlights the development of long-acting injectable cabotegravir (CAB 

LA) for HIV pre-exposure prophylaxis (PrEP), with a focus on Phase 2 studies and later 

development.

Recent findings: Early studies of CAB LA for HIV prevention offered promising PK data and 

paved the way for Phase 2 studies which have now been completed. Based on Phase 2 data, dosing 

of CAB LA at 8-week intervals consistently delivers target trough concentrations in both males 

and females. Recent studies have shown no required dose adjustments for hepatic or renal disease 

and minimal drug-drug interactions. Additionally, injectable PrEP is desired by potential PrEP 

candidates. Still, gaps in knowledge remain with respect to implementation and delivery, the 

clinical significance of the pharmacologic tail, and dosing in key populations. Phase 3 trials are 

underway that are anticipated to inform some of these questions and provide efficacy and safety 

data to support regulatory submissions for CAB LA as a potential PrEP agent.

Summary: Recent studies have defined an appropriate CAB LA dosing interval and offered 

insight into its safety profile. Phase 3 studies will provide much-anticipated efficacy data. If 

efficacious, CAB LA may provide a desirable PrEP option for those who face challenges to daily 

pill adherence. A more complete understanding of how to best integrate LA PrEP into service 

delivery models will be critical for success.
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Introduction

Large clinical trials have demonstrated the efficacy of tenofovir disoproxyl fumarate/

emtricitabine (TDF/FTC) as pre-exposure prophylaxis (PrEP) for the prevention of HIV 

infection.1,2 Results of the DISCOVER trial are anticipated to lead to upcoming regulatory 

approvals for daily oral tenofovir alafenamide/emtricitabine (TAF/FTC) for PrEP in men 

who have sex with men (MSM) and transgender women (TGW), since the efficacy of 

TAF/FTC for HIV prevention was non-inferior to TDF/FTC in these populations.3 In PrEP 

trials of TDF/FTC, individuals with consistent adherence to TDF/FTC achieved substantial 

protection from HIV infection. However, it quickly became apparent that the effectiveness of 

TDF/FTC is closely associated with adherence, as individuals who became infected were 

significantly less likely to have detectable drug concentrations compared to those who were 

not infected.4 Barriers to adherence using daily tablets may be related to forgetfulness, 

competing priorities, safety concerns, stigma, or partners’ negative sentiments toward PrEP.5 

To overcome these barriers, development of alternative forms of PrEP are likely to be 

required. Parallels can be drawn to the reproductive health literature, in which contraceptive 

use increases as more delivery options become available;6 it is possible, and even likely, that 

expanding PrEP options will lead to enhanced uptake and coverage.

The “PrEP 2.0” pipeline includes a variety of prevention agents and delivery mechanisms, 

including many with analogy to female contraceptive products. Investigations of injectable 

agents, rings, implants, patches, inserts, enemas, douches and more are currently in progress.
7 Injectable PrEP is most advanced in clinical development, with progress facilitated by the 

availability of anti-retroviral medications that allow for formulation as long-acting 

suspentions for delivery via intramuscular injection. Furthermore, injectable technologies 

have repeatedly been viewed favorably among key popultions.8,9

Rilpivirine, a non-nucleoside reverse trancriptase inhibitor (NNRTI), has been shown to have 

efficacy in HIV treatment when delivered as injectable anti-retroviral maintenance therapy in 

combination with cabotegravir in persons living with HIV (PLWH) who have not previously 

experienced virologic failure.10 However, despite being safe, well-tolerated, and acceptable 

for PrEP in key populations, long-acting rilpivirine for PrEP has not moved forward into 

phase 3 studies due to storage and transportation limitations (cold chain required) and a low 

barrier to resistance.11 Long-acting injectable cabotegravir (CAB LA) has been studied in 

Phase 1 and 2a/b studies and is currently being investigated in Phase 3 clinical trials of long-

acting PrEP, HIV Prevention Trials Network (HPTN) Study 083 (NCT02720094) in HIV-

uninfected men who have sex with men and transgender women, and HPTN 084 

(NCT03164564) in HIV-uninfected women in Sub-Saharan Africa. This review will provide 

an overview of current literature on CAB LA for the prevention of HIV infection, 

highlighting recent key studies and developments in the field.

The Case for CAB

Cabotegravir (formerly GSK1265744) is an integrase strand transfer inhibitor (INSTI) with 

potent antiviral activity.12 A chemical congener of dolutegravir, it has a high barrier to 
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resistance and retains activity in the setting of common INSTI mutations.13,14 Cabotegravir 

is amenable to formulation as a long-acting injectable suspension. The injectable suspension 

is effectively composed of pure active drug in crystalline form, meaning near complete drug 

loading per unit volume (200 mg/ml) and a small injection load.15

Early Phase Studies

Phase I studies have provided the initial characterization of the pharmacokinetics (PK) of 

CAB LA in humans.16,17 In an open-label, 9-cohort parallel study, intramuscular (IM) doses 

of 100 to 800 mg as well as subcutaneous doses of 100 to 400 mg were administered to 

healthy participants.16 CAB LA was generally safe and well-tolerated, although most 

participants reported mild injection site reactions (ISRs). The 800 mg IM dose achieved 

mean concentrations above the protein adjusted-IC90 (PA-IC90) for approximately 16 weeks, 

leading to the hypothesis that this was an appropriate dose for quarterly administration in the 

prevention context. Adequate exposure was also observed when the 400 mg dose was 

administered as two simultaneous 200 mg injections. In a second study, repeated 800 mg IM 

doses administered at 12-week intervals maintained cabotegravir concentrations above 

targets for the full dosing interval.17

Macaque models of rectal, vaginal, penile, and parenteral exposures have further supported 

the development of CAB LA as a promising PrEP agent.18-21 In a low-dose rectal challenge 

model, plasma CAB concentrations above 3x PA-IC90 provided 100% protective efficacy, 

concentrations 1x-3x PA-IC90 provided 97% protective efficacy, and concentrations <1x PA-

IC90 provided 45% protective efficacy compared to control untreated macaques (CM).19 In a 

vaginal challenge model, plasma levels >4x PA-IC90 were 87% protective compared to CM, 

while plasma levels <4x PA-IC90 were not protective compared to CM.22 Finally, in a study 

of intravenous SIV challenge, CAB LA was found to be highly protective; 21 of 24 CAB 

LA-treated macaques remained aviremic after IV challenge (88% protected). These studies 

paved the way for the further clinical development of CAB LA for PrEP in humans.

Drug-Drug Interactions

Cabotegravir is primarily metabolized by UGT1A1 with some contribution from 

UGT1A9.23 CAB inhibits OAT1 and OAT3 in vitro, although the clinical impact is 

considered a concern only for substrates of OAT1 and OAT3 with narrow therapeutic 

windows (e.g. methotrexate).24 Potent enzyme inducers (e.g. rifampin, carbamazepine) have 

been shown to decrease CAB levels by almost 60% and should be avoided.25 Rifabutin has a 

more modest effect on plasma CAB concentrations—approximately 20% reduction—and so 

there is less concern about co-administration.26 A small study of oral CAB with a regimen 

of a levonorgestrel and ethinyl estradiol in healthy women found no significant effect on 

hormonal PK, and also no effect on CAB PK.27

Dosing in hepatic and renal dysfunction

Moderate hepatic impairment has minimal impact on CAB PK, and no dose adjustment is 

necessary in individuals with mild to moderate hepatic impairment.28 Additionally, no dose 

adjustment is necessary in individuals with severe renal impairment.29 CAB exposure is also 

not impacted by ingestion in the fed versus fasting state.30
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Phase 2 Human Studies:

Two significant Phase 2a studies have been recently conducted in the global CAB LA 

development program for prevention (Figure 1).

ECLAIR

The ECLAIR study (NCT02076178), enrolled healthy HIV-uninfected men aged 18-65 

years at low risk of HIV infection at 10 sites in the US.31 In total, 127 participants were 

randomized 5:1 to cabotegravir (n=106) or placebo (n=21). Participants first received a 4 

week oral lead-in (CAB 30 mg or placebo) to ensure safety and tolerability. After a one 

week washout period, participants received a series of 3 injections every 12 weeks: 800 mg 

CAB LA as 2 x 2mL injections in the active drug arm and 0.9% saline placebo injections of 

the same volume in the control arm. Unexpectedly, 15-31% of participants had CT below 1x 

PA-IC90 while 32-55% of participants had CT between 1x and 4x PA-IC90. These 

observations raised concern that 800 mg IM every 12 weeks might not consistently provide 

levels anticipated to be highly protective based on data from macaque models (Figure 2).
16,17

During the injection phase of ECLAIR, 80% of participants in the CAB LA group 

experienced Grade 2 or higher adverse events (AEs), as compared to 48% in the placebo 

group. Grade 2 or higher injection site pain was significantly higher in the CAB group (59% 

vs 5%), as was the mean duration of injection site pain (5.4 vs 2 days). Injection 

intolerability led four (4%) participants in the CAB group to withdraw consent and 

discontinue the study drug; other AEs led to withdrawal in additional participants (7%). 

There were no significant differences in laboratory abnormalities, electrocardiogram, and 

vital sign assessments between the CAB and placebo groups.

HPTN 077

HPTN 077 (NCT02178800) was designed to supplement data from ECLAIR with 

pharmacokinetic data for CAB LA in females and males in regions particularly impacted by 

the HIV epidemic.32 HPTN 077 enrolled healthy men and women aged 18-65 years at low 

risk of HIV infection at 8 sites in Brazil, Malawi, South Africa, and the US. Two sequential 

cohorts enrolled 199 particpants who were randomized 3:1 to CAB or placebo (0.9% saline) 

injections. As with ECLAIR, all participants first received 30 mg oral CAB or placebo for 4 

weeks, and after serial safety assessments, continued to injections. The first cohort received 

800 mg CAB LA IM (two 400 mg [2 ml] injections, identical to ECLAIR) or a matching 

volume saline placebo every 12 weeks. The second cohort was added after ECLAIR results 

became known; participants received 600 mg CAB LA IM (one 600 mg [3ml] injection) or 

saline placebo every eight weeks after an initial two doses spaced four weeks apart, for a 

total of 5 injections.

In CAB recipients in the first cohort (800 mg IM every 12 weeks), CT fell below the steady 

state target of 4x PA-IC90 for 72%, 35%, and 32% of male participants and for 24%, 5%, 

and 0% of female participants after injections 1, 2, and 3, respectively. In CAB recipients in 
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the 8-week dosing cohort, CT was above the target of 4x PA-IC90 for at minimum 79% of 

both male and female participants after all injections.

In HPTN 077, rates of injectable product discontinuation were not different between the 

CAB and placebo arms. One study product discontinuation in the CAB arm was for a 

seizure event in a participant with pre-existing history of seizure disorder. Rates of any grade 

2 or higher AE were not different between the CAB and placebo arms (91% vs 88%). The 

only grade 2 or higher clinical AE that occurred more often in the CAB arm was ISR (38% 

vs 2%, p<0.001). For the CAB arm, ISR events declined with repeated injections. One grade 

3 ISR occurred in one participant receiving CAB in each of 12-week and 8-week dosing 

cohorts, although neither participant discontinued study product as a result.

Gaps in Knowledge

ECLAIR and HPTN 077 demonstrated that CAB LA at a dose of 800 mg every 12 weeks 

did not consistently meet target trough concentrations. Based on data from HPTN 077, an 

eight week dosing interval with a 600 mg dose delivers consistent trough concentrations at 

or above macaque model pharmacokinetic targets in both males and females. However, only 

Phase 3 studies and clinical experience will define the pharmacokinetic correlates of 

protection.

In both ECLAIR and HPTN 077, participants with lower BMI generally had higher peak 

CAB concentrations as well as higher AUC concentrations. The mechanism, significance, 

and additional correlates of pharmacokinetic variability will hopefully become clearer with 

Phase 3 investigation. In addition, data on the pharmokinetics of CAB LA in transgender 

individuals are needed: HPTN 077 enrolled 6 transmasculine and 1 transfeminine 

participants; larger cohorts will help to define any potential interactions between CAB and 

cross-sex hormone therapy. HPTN 083, an ongoing Phase 3 trial comparing CAB LA to 

daily oral TDF-FTC in MSM and TGW is pre-specified to enroll at minimum 10% of its 

planned 4500 participants from transgender communities. CAB has not been studied among 

individuals on dialysis or those with severe hepatic impairment, and further studies will be 

needed to understand dosing in these populations.

Data from pregnant and breastfeeding women are also needed. HPTN 077 excluded women 

who were pregnant or breastfeeding, and all women of childbearing potential were required 

to use contraception as an enrollment criterion. The ongoing Phase 3 safety and efficacy 

study, HPTN 084, comparing CAB LA to daily oral TDF-FTC in cisgender women in sub-

Saharan Africa has a substudy of both mothers and infants who will undergo intensive PK 

and safety monitoring. It is reassuring that recent data among HIV-infected mothers 

demonsate only a slightly higher prevalence of neural-tube defects in the setting of 

periconception dolutegravir use, relative to other types of ART, given the structural and class 

similarities of CAB and dolutegravir.33

The Pharmacologic Tail: Asset or Liability?

An important focus in CAB LA studies has been on the pharmacologic tail. In ECLAIR, 

participants were followed for safety and pharmacokinetic assessments until 52 weeks 
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following the final injection.31 Unexpectedly, 17% of participants still had detectable 

concentrations of CAB (assay lower limit of quantification [LLOQ] = 25 ng/mL) at 52 

weeks following the final injection. In HPTN 077, 13% of males and 42% of females had 

detectable CAB concentrations 76 weeks following the last injection.34 The median time to 

reach the LLOQ was 43 weeks for males and 66 weeks for females. CAB’s prolonged half-

life is attractive in considering its potential power and dosing forgiveness as a prophylactic 

agent; it also could represent a period of vulnerability to seroconversion with potentially 

CAB or INSTI resistant virus. HPTN 083 and 084 should provide further information about 

declining CAB levels and the potential for resistance development, although it will more 

likely not be until clinical implementation and scale up that the clinical significance of the 

tail will be clarified. In the current PrEP landscape, HIV drug resistance is most likely to 

occur when TDF/FTC is started during undiagnosed acute HIV infection;35 a recent 

macaque modeling study of acute infection demonstrated the development of CAB 

mutations in this setting as well.36 Reassuringly, in earlier macaque studies of rectal and 

vaginal SHIV and SIV challenges, no major integrase resistance mutations were selected 

when infections occurred during the pharmacokinetic tail.18,19

CAB and Weight Change

In a number of studies, use of integrase inhibitors as part of an anti-retroviral treatment 

regimen has been associated with weight gain and increasing waist circumference.37-40 A 

post-hoc analysis of HPTN 077 in 134 CAB recipients and 43 placebo recipients 

demonstrated that CAB LA in HIV-uninfected patients was not associated with weight 

changes.41 Median weight gain among 146 participants with paired weights (week 0 and 

week 41) was 1.1 kg for CAB recipients and 1.0 kg for placebo recipients. A gain of 5% 

total body weight or greater was seen in 22% of CAB recipients and 18% of placebo 

participants. The sample size in this study was modest, and this finding will need to be 

confirmed in ongoing Phase 3 studies that are in progress. These weight change analyses in 

HIV-uninfected populations absent confounding by both the pro-inflammatory milieu of 

HIV infection and additional ARV agents will be critical to the understanding of the role of 

INSTIs in weight gain.

Acceptability of Long-Acting PrEP

Numerous studies have assessed the hypothetical acceptability of long-acting injectable 

PrEP, or assessed acceptability in low-risk individuals. In ECLAIR, side effects were 

common yet almost all participants reported being interested in continuing injections, and 

most reported overall satisfaction with CAB LA.42,43 Similarly, in HPTN 077, there was a 

strong preference for a long-acting injectable PrEP at baseline and follow-up, and product 

attributes were moderately to highly acceptable for most participants, particularly those 

outside of the US.44 In populations at elevated risk of HIV infection, long-acting injectable 

regimens have also been hypothetically viewed favorably, although fear of needles and 

concerns about the duration of therapeutic efficacy may be barriers in some individuals.
8,9,45-48 Again, retention rates, and quantitative and qualitative perspectives in direct head-

to-head comparisons with daily oral TDF/FTC in ongoing Phase 3 studies, will be very 

informative for implementation and scale-up should safety and efficacy be demonstrated.
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Beyond Phase 3 Studies

The Oral lead-in

Current studies of CAB for HIV prevention leverage the strategy or an oral lead-in 

(approximately 4 weeks in duration) to assess safety and tolerability prior to administration 

of the long-acting injectable formulation. In the HIV treatment space, a larger safety 

database has supported investigation of the strategy of going directly to the long-acting 

injectable formulation without oral precursor in virologically suppressed patients. It is 

anticipated that should HIV prevention efficacy and safety in HIV-uninfected individuals be 

demonstrated, additional studies will be planned to support the safety of a “direct to inject” 

approach.

Considering Alternative Injection “Sites”

Currently, the only anatomical site approved for CAB LA injection is the buttock region 

(gluteus medius or maximus). If CAB LA ultimately receives regulatory approvals for 

prevention, consideration may be given to self-administration and the possibility of 

alternative muscle injection sites (e.g. rectus femoris). However, additional evaluation will 

be needed before the use of other IM sites can be considered. With the current volume of 

injection required, deltoid or other small muscle sites will not be feasible. Of note, persons 

with buttock implants or fillers have been excluded from current clinical trials out of concern 

for altered pharmacokinetics.

Should regulatory approvals be granted, the best site for service delivery will also need to be 

determined. In prior and current trials, study product has been administered in a clinic based 

setting. Whether the location of service delivery can be broadened will require further 

investigation, but consideration may be given to community-based services such as 

pharmacies or mobile health vans. Alternatively, “de-medicalizing” PrEP with self-

administration, in-home services, or delivery by community based organizations or in other 

non-medical community settings could allow for greater convenience, and thus potentially 

greater uptake, on the part of patients. In the era of an urgent push to “End the HIV 

Epidemic” and expand PrEP coverage,49 novel mechanisms of delivery that address 

consumer needs and preferences will need to be strongly integrated into service delivery 

models, and there is an urgent need for this research now, in anticipation of regulatory 

approvals in the not-too-distant future.

Conclusions

Phase 2 studies exploring CAB LA for PrEP, ECLAIR and HPTN 077, have been 

encouraging, providing PK data and defining the appropriate dose and interval for Phase 3 

studies. Other recent work has clarified the length and correlates of the pharmacokinetic tail, 

although its clinical significance remains unclear. Phase 2 substudies have demonstrated that 

participants and potential patients are enthusiastic about an option for LA injectable PrEP. 

Phase 3 study results for 083 and 084 are anticipated in 2021. If CAB LA is shown to be 

safe and effective, it is possible that this injectable option for PrEP may lead to enhanced 

PrEP uptake among populations who most critically need it. In places and populations where 
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stigma is rampant, a discreet product could be especially impactful. Ultimately, optimizing 

the implementation strategy for injection administration to suit consumer needs will be 

critical.
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Key Points

• Cabotegravir has characteristics that make it a promising long-acting 

injectable prevention option including potent anti-viral activity, few drug 

interactions, and a favorable side effect profile

• When studied for HIV prevention, dosing of long-acting cabotegravir at 8-

week intervals consistently delivers target trough concentrations in both males 

and females, and this dosing frequency is now being studied in large Phase 3 

Clinical Trials

• In populations at elevated risk of HIV infection, long-acting injectable 

regimens have been viewed favorably in hypothetical scenarios

• If CAB LA is shown to be safe and effective, it is possible that this injectable 

option for PrEP may lead to enhanced PrEP uptake among populations who 

most critically need it
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Figure 1. Past, Ongoing, and Future CAB LA Development.
MSM, men who have sex with men; TGW, transgender women; Q4W, every 4 weeks; Q8W, 

every 8 weeks
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Figure 2. Simulated and Observed CAB Concentrations of Men Enrolled in ECLAIR
PK, pharmacokinentic; ng, nanogram; mL, milliter; PA-IC90, protein binding–adjusted 90% 

inhibitory concentration; LLOQ, lower limit of quantification; mg, milligram
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