
Catia Marzolini
University Hospital & University of Basel
University of Liverpool

Are DDIs and polypharmacy still 
a concern?

17th Residential Course on
Clinical Pharmacology of Antiretrovirals
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Long acting antiretroviral drugs for treatment and prevention

Adapted from Krovi S et al. Adv Drug Deliv Rev 2021; Chandiwana NC,….Flexner C. AIDS 2021

HIV
treatment

Long-acting
antiretrovirals

Ibalizumab (i.v.; every 2 weeks)
Monoclonal Ab, attachment inhibitor

Dapivirine (vaginal ring; 1x/month)
NNRTI

Lenacapavir (s.c.; 1x/6 months)
Capsid inhibitor

CAB + RPV (i.m.; 1x/1 or 2 months)
Integrase inhibitor + NNRTI

Cabotegravir (i.m.; 1x/2 months)
Integrase inhibitor

Lenacapavir (s.c.; 1x/6 months)
Capsid inhibitor

Islatravir (implant; 1x/year)
Reverse transcriptase translocation inh.

Oral administration

Islatravir 1x/month

MK 8507 1x/week

Islatravir + lenacapavir 1x/week

Leronlimab (s.c.; 1x/week)
Monoclonal Ab, CCR5 antagonist

UB-421 (i.v.; 1x/1 or 2 weeks)
Monoclonal Ab, attachment inhibitor

CAB + VRC07-523LS (i.m.; 1x/month; iv; 1x/8 weeks)
Integrase inhibitor + bnAb

Albuvirtide + 3BNC117 (i.v.; 1x/month)
Fusion inhibitor + bnAb



Interaction profiles of first-line ARV regimens in 1999 and 2019

Gibbons S et al. HIV Med 2019



Shafer J et al. Open Forum Infect Dis 2021

Prevalence of DDIs before/after switching to unboosted integrase inhibitor

Study evaluating changes in prevalence of drug-drug interactions in 411 PLWH before and after switching ART
to a bictegravir containing regimen. DDI analyzed using University of Liverpool DDI database and atributed a
score 0 (no DDI), 1 (potential DDI) and 2 (contraindicated DDI).

➔ Baseline DDI scores were 1.4 and decreased by 1 point after switch to bictegravir

Subjects with at least 1 DDI between their ART and selected comedications pre- and post-switch

Are DDIs and polypharmacy a concern with long acting agents? 



What is the drug-drug interaction risk for
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Cabotegravir + rilpivirine

Vocabria and Rekambys Summary of Product Characteristics 2021; Cabenuva Highlights of Prescribing Information 2021 

• First approved long-acting injectable antiretroviral therapy for virologically suppressed adults with HIV
• Administration every 4 weeks demonstrated noninferiority to oral ART through week 96 both in the ATLAS and

FLAIR studies
• ATLAS-2M found similar efficacy through 96 weeks for administration every 8 weeks instead of 4 weeks

Swindells S et al. AIDS 2021; Orkin C et al. Lancet HIV 2021; Jaeger H et al. Lancet HIV 2021 

1x/month intramuscular administration

Initial injection Maintenance

Cabotegravir 600 mg 400 mg

Rilpivirine 900 mg 600 mg

1x/every 2 months intramuscular administration

Initial injections
(1 month apart)

Maintenance
(2 months apart)

Cabotegravir 600 mg 600 mg

Rilpivirine 900 mg 900 mg



Intramuscular administration

• Muscle has rich vascular supply favoring drug
absorption.

• Injection performed in gluteal muscle.

• Subcutaneous adipose tissue has less vascular
supply which may result in less drug absorption.

• Injection technique is critical to ensure drug is not
deposited in subcutaneous adipose tissue. 

• Labels indicate that longer needle lengths
may be required for patients with higher BMI to ensure
that drug is delivered im.

Vocabria and Rekambys Summary of Product Characteristics 2021; Cabenuva Highlights of Prescribing Information 2021 



Impact of injection on rate of cabotegravir absorption

Jucker BM et al. Br J Clin Pharmacol 2021

8 participants (4 men + 4 women) were administered cabotegravir LA 600 mg under ultrasonographic-guided injections
in gluteal muscle. Cabotegravir LA depot locations varied: IM compartment (2); combined IM/SC (4), SC (1) and retro-
peritoneal cavity (1).



Cabotegravir and rilpivirine plasma levels

Patel P et al. ID week 2019

Median (5th and 95th percentile) plasma CAB and RPV trough levels over time

Oral lead-in: CAB/RPV 30/25  mg QD for 4 weeks
Initial im dose: CAB/RPV 600/900 mg im at week 4 
Maintenance im dose: CAB/RPV 400/600 mg im from week 8 and every 4 weeks thereafter

FLAIR ATLAS
Median BMI: 24.1 (17.3-44.9)        25.5 (15.3-50.9)
Proportion female: 22% 33%

(0.166 ug/mL)
(12 ng/mL)



Cabotegravir and rilpivirine plasma levels in obese vs non-obese

Patel P et al. ID week 2019

Median (5th and 95th percentile) plasma CAB and RPV trough levels over time

• 4 weeks following the first injection, median cabotegravir levels were 46% lower in obese vs non-obese
=> slower absorption resulting in initial lower trough that increases over time with no difference at week 32

• RPV is not affected by BMI

4xPA-IC90*

* >4x PA-IC90 trough, clinical threshold associated with efficacy in participants with HIV infection in phase II and III trials

In FLAIR and ATLAS:       17% participants had BMI > 30 kg/m2

13% were male with BMI > 30 kg/m2

27% were female with BMI > 30 kg/m2 

BMIBMI



Predictors of virologic failure to long-acting cabotegravir and rilpivirine

Cutrell AG et al. AIDS 2021

Efficacy data of long-acting cabotegravir and rilpivirine dosed intramuscularly every 4 to 8 weeks were pooled from
phase 3/3b FLAIR, ATLAS or ATLAS-2M studies through week 48 (1039 participants) to examine the influence of
baseline viral and participant factors, dosing regimen and drug concentrations on confirmed virologic failure
occurrence using a logistic regression model.

➔overall 1.25% of participants experienced confirmed virological failure.
➔RPV resistance associated mutations, HIV-1 subtype, higher BMI (associated with week 8 CAB trough concentration)

and lower week 8 RPV trough concentrations were associated with increased odds of confirmed virological failure.
➔only combination of at least 2 baseline factors was associated with increased confirmed virological failure.



Cabotegravir and rilpivirine metabolism

Cabotegravir Rilpivirine

Metabolism UGT1A1 >UGT1A9 CYP3A4

Transport P-gp, BCRP
High intestinal permeability (inhibitors
unlikely to impact CAB absorption)

OATP1B1/3, OAT3, MRP2, MRP3, MRP4

Effect on
UGTs, CYPs, 
transporters

No inhibitory or inducing effects on CYPs, 
UGTs. 
No inhibition of transporters at clinically
relevant concentrations except for OAT1/3 
(IC50: 0.81/0.41 uM). 

No inhibitory or inducing effects on: 
CYPs or UGTs.
No clinically significant inhibitory effects
on drug transporters.

Reese MJ et al. Xenobiotica 2016; Taskar K et al. CROI 2019; Hodge D et al. Clin Pharmacokinet 2021



Drug-drug interactions with oral vs im administration

www.hiv-druginteractions.org



Intramuscular administration characterized by flip-flop pharmacokinetics

In case of flip-flop pharmacokinetics, the rate of absorption is slower than rate of elimination (Kel > Ka).
Thus, the net effect from a DDI is a parallel upward (inhibitor) or downward (inducer) shift in the concentration-time
course and no change in elimination rate.

LA drugs concentration time profile with flip-flop PK in presence of interacting drug

DDIs do not impact drug half-life (governed by absorption rate) 



Drug-drug interactions with strong inducers

Cabotegravir oral + rifampicin Cabotegravir im + rifampicin (first maintenance dose)

Ford SL et al. AAC 2017

CAB AUC    by 59%; t1/2 by 57%

Rajoli RKR et al. JID 2019

CAB 400 mg 1 x/month CAB 600 mg 1 x/2 months

CAB AUC    by 41%; t1/2↔ CAB AUC    by 46%; t1/2↔

Magnitude of drug-drug interaction with im administration is predicted to be more pronounced after multiple 
maintenance doses.



Drug-drug interactions with strong inhibitors of UGT1A1

Taskar K et al. 20th PK Workshop 2019



Drug-drug interactions studies with cabotegravir

Effect of cabotegravir on comedications

Hodge D et al. Clin Pharmacokinet 2021 

Effect of comedications on cabotegravir

midazolam

levonorgesterel

ethinylestradiol

rilpivirine

rilpivirine

rifampicin

rifabutin

etravirine

➔ Cabotegravir has a low potential to cause PK DDIs ➔ Cabotegravir is impacted by strong inducers whereas
moderate inducers cause a smaller decrease.



Drug-drug interactions studies with rilpivirine
Effect of rilpivirine on comedications

Hodge D et al. Clin Pharmacokinet 2021 

Effect of comedications on rilpivirine

➔ Rilpivirine has a low potential to cause PK DDIs
➔ Rilpivirine is significantly impacted by strong and

moderate inducers.

atorvastatin
darunavir/r
cabotegravir
dolutegravir
elbasvir
grazoprevir
tenofovir-DF
norethindrone
ethinylestradiol
ketoconazole
lopinavir/r
omeprazole
paracetamol

rifabutin

sildenafil
sofosbuvir
GS-331007
velpatasvir
tenofovir alafenamide
tenofovir
R-methadone
S-methadone

atorvastatin
darunavir/r

cabotegravir

dolutegravir

grazoprevir
tenofovir-DF

famotidine

ketoconazole

lopinavir/r

omprezazole

rifabutin

rifampicin

sildenafil

sofosbuvir
velpatasvir

elbasvir

only for oral
rilpivirine



DDI profile of oral and LA cabotegravir/rilpivirine considering >700 comeds

www.HIV-druginteractions; Hodge D et al. Clin Pharmacokinet 2021

Red: strong and moderate inducers
Amber: coadministration with drugs with known risk QT prolongation
Amber: coadministration with NTI substrate of OAT1/3
Yellow: coadministration with drugs with possible risk QT prolongation
Yellow: coadministration with strong inhibitors

http://www.hiv-druginteractions/


Cabotegravir LA for HIV prevention

HPTN 083 study
2021

Incident HIV infection occurred in 52 individuals
13 CAB LA (600 mg/8 weeks) (incidence 0.41/ 100 person per year)
39 oral TDF/FTC (incidence 1.22/100 person per year)

➔ CAB LA superior to daily oral TDF/FTC 

Approval of APRETUDE on December 20, 2021

Apretude Highlights of Prescribing Information 2021 



Drug-drug interactions with cabotegravir LA for HIV prevention

www.hiv-druginteractions.org;  Apretude Highlights of Prescribing Information 2021 

Yellow: coadministration with drugs with possible risk QT prolongation
Yellow: coadministration with strong inhibitors
Amber: coadministration with drugs with known risk QT prolongation
Amber: coadministration with NTI substrate of OAT1/3
Red: strong inducers
➔ Amber: moderate inducers

http://www.hiv-druginteractions.org/


Ibalizumab

• Monoclonal antibody acting as a CD4-directed post-attachment inhibitor

• In combination with other ARVs in heavily treatment-experienced adults who are failing their current ART regimen

• Ibalizumab is administered as an iv loading dose of 2000 mg followed by maintenance dose of 800 mg every 2 weeks

• Estimated half-life is 72-84 h (note: half-life is less than the 2-3 weeks half-life IgG. This is explained by different 
clearance mechanisms).

Emu B et al. NEJM 2018; Jacobson JM et al. Antimicrob Agents Chemother 2009



Drug-drug interactions with ibalizumab

No drug-drug interaction studies have been conducted with ibalizumab but no drug interactions are expected 
given that ibalizumab elimination is driven by binding to CD4 receptor, internalization and degradation.

Dickter JK et al. J Clin Pharm Ther 2021 

• Patient HIV+ since 2005 with a new diagnosis of diffuse large B-cell lymphoma.

• Treated with multiple ART treatments over the years, development of multiple resistances.

• Treatment with RPV, DTG, DRV/c at the time of DLBCL diagnosis.

• Planned chemotherapy: rituximab, etoposide, prednisone, doxorubicin, vincristine and cyclophosphamide

=> DDIs with with DRV/c.

• ARV regimen switched to RPV, DTG + ibalizumab. DRV/c was held on the days the patient received

chemotherapy.

• VL became undetectable, patient completed 6 cycles of chemotherapy without any dose limiting toxicities.



Lenacapavir

• Lenacapavir is a first-in-class capsid inhibitor which interferes with multiple capsid-dependent functions essential
for viral replication: capsid assembly and disassembly as well as nuclear transport and virus production.

• Lenacapavir exhibits antiviral activity at picomolar levels (EC50 0.05 ng/mL) and has no cross resistance to ARV
classes.

• In heavily treatment-experienced persons with multidrug-resistant HIV and in treatment naive with HIV, lenacapavir
led to high rates of virologic suppression.

Lutz J et al. CROI 2021; Zheng J et al. IDWeek 2018



Lenacapavir dosing

• Lenacapavir has demonstrated adequate pharmacokinetic exposure for up to 6 months after a single sc injection. 

• Lenacapavir has a t1/2 of 10-12 days (oral) and t1/2 of 8-12 weeks (subcutaneous).

• Maintenance dose is 927 mg every 6 months which allow to maintain concentrations >24 ng/mL. Given the slow
initial lenacapavir release, an initial oral dosing may be needed to reach sufficient levels faster. 

Lutz J et al. CROI 2021; Begley R et al. Int AIDS Conference 2020



Drug-drug interactions with lenacapavir

Lutz J et al. CROI 2021

Lenacapavir Relevant for DDI

Metabolism UGT1A1 (major); CYP3A4 (minor)

Transport P-gp;

Inducer of no

Inhibitor of CYP3A4 (moderate); 
P-gp (weak); BCRP (weak)

• Strong CYP3A4 and CYP3A4/P-gp inhibitors cause increase in lenacapavir exposure which are not considered
to be clinically relevant => coadministration without dose adjustment.

• Strong UGT1A1 inhibitors cause substantial increase in lenacapavir exposure => coadministration not
recommended.



Drug-drug interactions with lenacapavir

Lutz J et al. CROI 2021

➔ Inducers of CYP3A4/UGT/P-gp should be avoided
➔ Caution is needed with sensitive CYP3A4 substrates

LEN + rifampicin => 85% decrease in LEN exposure

LEN + efavirenz => 56% decrease in lenacapavir exposure

LEN + midazolam => 3 fold increase in midazolam exposure



Islatravir

Markowitz M & Grobler JA Curr Op HIV & AIDS 2020; Patel M et al. CROI 2021; Matthews RP et al. CROI 2021  

• Islatravir is a first-in-class nucleoside reverse transcriptase translocation inhibitor which blocks primer 
translocation and causes chain termination during viral transcription.

• Islatravir is phosphorylated intracellularly into the active metabolite islatravir triphosphate (long intracellular
t1/2 of 118-171 hours). 

• Islatravir triphosphate PK threshold is set as 0.05 pmol/106 PBMC cells

Islatravir 60 mg oral 1x/month for PrEP Islatravir 56 mg implant projected to reach concentrations
above threshold for 52 weeks



Drug-drug interactions with islatravir

Bleasby K et al. Viruses 2021

• Islatravir is metabolized by deaminase-mediated metabolism and is eliminated renally
• Islatravir is not a substrate or inhibitor of renal transporters
• Islatravir does not inhibit or induce UGT, CYP or transporters

➔ Islatravir is unlikely to be a victim or perpetrator of drug-drug interactions



MK-8507

Ankrom W et al. Antimicrob Agent Chemother 2021

• MK-8507 is a non-nucleoside reverse transcriptase in development
• Doses >100 mg achieved plasma concentrations at day 7 associated with antiviral efficacy
• MK-8507 shown to induce CYP3A4 in vitro however clinical DDI study with midazolam showed a modest decrease

in midazolam AUC (-12%) and AUC (-19%). Based on these data, MK-8507 is considered to be not a meaningful
inducer of CYP3A4.

AUC -12% Cmax -19%



Conclusions

• LA antiretroviral drugs have a lower risk for drug-drug interactions comparable to
unboosted ARV

• LA are not devoid of hurdles, need to better understand:

- relevance of certain DDIs in special population

- management of certain DDIs in case of inaugural diseases

- management of DDIs in case of missed injection visits

- theoretical risk of developing resistances during the PK tail will need to be

carefully evaluated
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