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Long-acting?

• What do we mean?

• Why long-acting drugs?

• Are drug concentrations the same for everyone?

• What is the PK tail? Do we need to worry about it?

• What about drug-drug interactions (DDIs)?

• What do PLWH want?

• What about PrEP?



Definition

• A LA drug:

– Is slowly absorbed and slowly excreted

– Persists in the circulation/tissues

– Is effective over a long period of time



Long-acting PK



Long-acting: benefits

• Sustained release results in prolonged half-life
• Infrequent dosing
• Potential lower total dose
• Protection of health privacy
• Protection of poor adherence

• When not administered orally, the GI barrier is 
bypassed



How to deliver long-acting drugs

Owen et al. CROI 2017; Bellinger et al. Science Translational Medicine 2016; Benhabbour et al. Nature Communications 2019;  Margolis et al. Lancet 2017
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How to deliver long-acting drugs

Margolis et al. Lancet 2017
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ATLAS and FLAIR
ATLAS (NCT02951052) and FLAIR (NCT02938520) are two randomized, open-label, international Phase 3 

studies that demonstrated non-inferiority of switching to monthly intramuscular (IM) injections of CAB + RPV 

LA vs. current antiretroviral regimen (CAR)

Week 4

Day 1
Week 48Week 4

DTG/ABC/3TC 

Oral daily n=283

Randomization (1:1) 

Oral CAB + RPV n=283 

Primary endpoint

CAB LA (400 mg) + RPV LA (600 mg) 

IM monthly n=278

Maintenance phase‡

CAB LA (400 mg) + RPV LA (600 mg)

IM monthly n=303

PI, NNRTI, or INSTI

Current daily oral ART n=308

Oral CAB + RPV n=308
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N=629

DTG/ABC/3TC 

single-tablet 

regimen for 

20 weeks

Randomization 

(1:1) n=618

ART-experienced

N=705

PI-, NNRTI-, or INSTI-

based regimen with 

2 NRTI backbone†

ART-naïve

N=809

HIV-1 RNA ≥1000 c/mL

Any CD4 count

HBsAg-negative

NNRTI RAMs excluded 

except K103N

Screening phase

Induction phase Initiation of PK sampling 

PK sampling

PK sampling

Phase 3, randomized, open-label, multi-center, parallel group, non-inferiority switch studies

Swindells et al. CROI 2019; Orkin et al. CROI 2019



Long-acting: unanswered questions

• Pregnancy
• Pediatrics
• Reduction of volume of injection
• Drug exposure – same for all?
• Drug interactions
• Long term safety
• Need for oral lead in period



LA CAB and RPV PK

Oral lead-in period
Initiation dose

(Week 4b)

Continuation dose
Week 8 and every 4 weeks 

thereafter

CAB 30 mg once daily CAB LA 600 mg IM (3 mL x 1) CAB LA 400 mg IM (2 mL x 1)§

RPV 25 mg once daily RPV LA 900 mg IM (3 mL x 1) RPV LA 600 mg IM (2 mL x 1)§

Patel et al. IDWeek 2019
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CAB PK by sex at birth and baseline BMI
• 4 weeks following the first injection, median CAB levels were lower in females than 

males by 40% 

• CAB troughs at Week 48 were slightly higher in females than males

• 4 weeks following the first injection, median CAB levels were lower in individuals with 

body mass index (BMI) ≥30 kg/m2 by 46% vs. those with BMI <30 kg/m2

• CAB troughs at Week 48 were similar regardless of BMI

Patel et al. IDWeek 2019

There were no differences in RPV concentrations 

by sex or BMI over the 48-week study period 



Median (5th and 95th Percentile) pooled CAB PK in 
ATLAS and FLAIR Week 4–48 by sex at birth and BMI

Patel et al. IDWeek 2019Protein-adjusted 90% inhibitory concentration (PA-IC90) for CAB is 0.166 µg/mL [Margolis et al. Lancet 2017]
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High Rates of Virologic Success Was Observed 
in Both Men and Women in ATLAS and FLAIR 

CAB, cabotegravir; CAR, current antiretroviral; LA, long-acting; RPV, rilpivirine. 
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Virologic Nonresponse 

(HIV-1 RNA ≥50 c/mL)

Virologic Success 

(HIV-1 RNA <50 c/mL)

Virologic Outcomes Virologic Outcomes 

At Week 48, virologic non-response was

infrequent, with 92.6% of women having

virologic success with the LA regimen

Total (CAB LA + RPV LA)

Total (CAR)

Male

Female

Quercia et al. EACS 2019



ATLAS and FLAIR Confirmed Virologic Failures* Were 
Infrequent: CAB LA + RPV LA Arm CVFs in Women at W48

*Where CVF is defined as rebound as indicated by two consecutive plasma HIV-1-RNA levels ≥200 c/mL after prior suppression to <200 c/mL. †One participant in FLAIR had oral CAB/RPV dosing interrupted due to a false-positive 

pregnancy test and upon re-initiation of oral therapy, had suspected VF that was confirmed. ‡L74I is not considered an INSTI RAM by IAS-US guidelines and has no impact on CAB activity. §Monogram biological/clinical cutoffs are: 

RPV=2.0, CAB=2.5, and DTG=4.0. 

BMI, body mass index; CAB, cabotegravir; CAR, current antiretroviral; CVF, confirmed virologic failure; DTG, dolutegravir; INSTI, integrase strand transfer inhibitor; LA, long-acting; PBMC, peripheral blood mononuclear cell; 

RAM, resistance-associated mutation; RPV, rilpivirine; RT, reverse transcriptase; SVF, suspected virologic failure; VF, virologic failure. 

Country,  
HIV-1 
Subtype Study

SVF 
Timepoint

Viral Load at 
SVF/CVF (c/mL)

BMI >30 
kg/m2

Baseline RAMs  
(PBMC/HIV-1 DNA; 

Day 1)

SVF Timepoint RAMs 
(HIV-1 RNA)

Drug Sensitivity at SVF§

(Fold Change) 
RT INSTI‡

RT INSTI‡

Russia, A/A1 ATLAS Week 8 79,166 / 25,745 No E138E/A None E138A None RPV (2.4) CAB (0.8) DTG (0.9)

France, AG ATLAS Week 12 695 / 258 Yes
V108V/I 
E138K

None
V108I 
E138K

None RPV (3.7) CAB (1.2) DTG (1.0)

Russia, A1 FLAIR Week 20 373 / 456 Yes None None
E138E/A/K

/T
Q148R RPV (7.1) CAB (5.2) DTG (1.0)

Russia, A1 FLAIR Week 48 488 / 440 Yes None None E138K Q148R RPV (1.0) CAB (9.4) DTG (1.1)

• Seven (1.2%, LA; and 1.2%, CAR) confirmed virologic failures (CVFs) occurred in each arm, with 5/7† (LA) and 2/7 (CAR) arising in women

• Plasma CAB and RPV concentrations for women at the time of failure were below the population means but within the range for the large majority of individuals who 

maintained virologic suppression 

Quercia et al. EACS 2019



ATLAS and FLAIR: Individual Concentration-Time Profiles for CAB 
and RPV CVFs Compared with Median Profiles for Successes

In ATLAS and FLAIR, CAB and RPV concentration-time profiles for women with CVF were within the range of exposures that show efficacy in most participants, 
indicating that other factors may have contributed to failure

ATLAS

FLAIR
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PA-IC90 for CAB is 0.166 µg/mL. PA-IC90 for RPV is 12 ng/mL.

CAB, cabotegravir; CVF, confirmed virologic failure; PA-IC90, protein-adjusted 90% inhibitory concentration; RPV, rilpivirine.
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Quercia et al. EACS 2019



ATLAS 2M



Missed dose PK
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Development of resistance in presence of 
sub-optimal drug concentrations 

Radzio-Basu et al. Nature communications 2019; Penrose et al. JID 2016 

CAB RPV



Development of resistance in presence of 
sub-optimal drug concentrations 

Radzio-Basu et al. Nature communications 2019; Penrose et al. JID 2016 

CAB RPV



Bridging strategies

a) No delay (Sim# 1)

b) Injection 2 delayed by 1 week (Sim# 2)

c) Injection 3 delayed by 4 weeks with 2 mL 
or 3 mL reinitiation (Sim# 15 & 16)

d) Injection 4 delayed by 4 weeks with 2 mL 
or 3 mL reinitiation (Sim# 25 & 26)

e) Injection 4 delayed by 4 weeks with/
without oral bridge (Sim# 25 & 32)

f) Injection 4 delayed by 8 weeks with/
without oral bridge (Sim# 29 & 35)

Han et al. IDWeek 2019

Simulated concentration-versus-time profiles



Drug-drug interactions

pH dependent absorption
Drug chelation
First pass metabolism
GI tract transmembrane transporters



Drug-drug interactions

pH dependent absorption
Drug chelation
First pass metabolism
GI tract transmembrane transporters



CAB 400 every 4 wks CAB 600 every 8 wks

RPV 600 every 4 wks RPV 900 every 8 wks



CAB PrEP

aidsinfo.nih.gov/drugs/513/cabotegravir

CAB LA 600 mg every 8 weeks met PK targets for both 
male and female study participants



What do patients want?



First-in-human trial of MK-8591-eluting implants demonstrates 
concentrations suitable for HIV PrEP for at least one year

Matthews et al. IAS 2019

ISLATRAVIR (ISL)



TAF Thin Film 
Polycaprolactone
Device Prototypes:

(A) 2.5mm diameter, 
40mm long 
prototypes loaded 
with 230mg 1:1 
TAF:PEG300 (w/w)

(B) 0.6mm diameter, 
20mm long 
prototype loaded 



• Rapid rise in concentrations with systemic exposure maintained for ≥ 24 wks

• Doses ≥ 100 mg exceeded paEC95 for ≥ 12 wks

• Apparent terminal t1/2 32-45 days, consistent across doses 

– * IQ = Cw12/paEC95; paEC95 = 3.87 ng/mL

– † Pooled assessment of blinded safety data

– *paEC95, protein adjusted 95% effective concentration; Cw12, GS-6207 plasma concentration on Day 84; IQ, inhibitory quotient.

SC Dose IQw12*

450 mg 4.7

300 mg 4.1

100 mg 1.3

30 mg 0.4

First-in-human data support continued clinical development of GS-6207 
as a long-acting ARV for HIV treatment or prevention

GS-6207 Exposure Following SC Injection

paEC95

Begley R, et al. EACS 2019. Basel, Switzerland. Oral PS13/1

GS-6207 Capsid Inhibitor: Phase 1 First in Human Safety and PK of Subcutaneous Single Dose 

Phase 1, randomized, blinded, placebo-controlled, single dose, dose-ranging study in healthy volunteers1
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Conclusions

• Discovering units are focused on less drugs, 
new mechanisms of action and long-acting!
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