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Based on US approval dates.
*Not licensed in the EU; ⱡNo longer available in the EU.
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The Integrase Era

AZT; Azidothymidine (zidovudine)
DDI; Dideoxyinosine
DDC; Dideoxycytidineⱡ

D4T; Stavudine
3TC; Lamivudine
SQV; Saquinavir
RTV; Ritonavir
IDV; Indinavir
NVP; Nevirapine
NFV; Nelfinavirⱡ

DLV; Delavirdine*
EFV; Efavirenz
ABC; Abacavir
APV; Amprenavirⱡ

LPV/r; Lopinavir/ritonavir
TDF; Tenofovir disoproxil fumarate
ENF; Enfuvirtide
ATV; Atazanavir
FTC; Emtricitabine
FPV; Fosamprenavir
TPV; Tipranavir
DRV; Darunavir
RAL; Raltegravir
MVC; Maraviroc
ETV; Etravarine
RPV; Rilpivirine
EVG; Elvitegravir
DTG; Dolutegravir
TAF; Tenofovir alafenamide
BIC; Bictegravir
DOR; Doravirine
IBA; Ibalizumab
CAB; Cabotegravir
FVR; Fostemsavir
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Adapted from: DHHS. FDA Approval of HIV Medicines. Available at: 
https://files.aidsinfo.nih.gov/images/infographics/FDAMedTimeline_FB%20(1).jpg [Accessed August 2020].

From AIDS Conference, 1996
Talk of Life, Not Death

(CAB)
(FVR)

2020

Antiretroviral Drug Approval 1987 - 2020

https://files.aidsinfo.nih.gov/images/infographics/FDAMedTimeline_FB%20(1).jpg


Strategies to Reduce the Drug Burden

✓ Reduce # of doses a day

✓ Reduce # of pills

✓ Reduce the # of drugs

✓ Reduce the drug dosage

✓ Reduce the # of days on ART

✓ Increase the dosing interval

Adapted from: Cahn P. Integrase Forum Belem 2019.

Long Acting



Long-acting  
injection

Wearable 
infusion pump

Oral  
Nanomedicine

Subdermal 
implant

LONG-ACTING ART

Microneedle 
drug patch

Vaginal ring

Orkin C IAS 2019; Adapted from Scarsi K, International Workshop on HIV & Women 2019. 

Long Acting Technologies for Drug Delivery



Overview

Antiretroviral Therapy: Where are we?

Antiretroviral Therapy & Gender:              
PK Differences?

1

2

3



2 Key Questions

1. What do we 
know?

2. What do we 
need to know?



Women and Girls and HIV

Source:  UNAID Report 2018: Women and girls and HIV 
https://www.unaids.org/sites/default/files/media_asset/women_girls_hiv_en.pdf

Female (%) Male (%)

White 3 6

Black 42 30

Other 7 12

Total 52 48

Global Demographics of PLWH

Pepperrell T et al J Virus Eradication 2020; 6: 70-73 

https://www.unaids.org/sites/default/files/media_asset/women_girls_hiv_en.pdf


Women and Girls in ARV Therapy Clinical Trials

DTG Trials
(n = 7667)

BIC Trials
(n = 2248)

TAF Trials
(n = 7750)

F (%) M (%) F (%) M (%) F (%) M (%)

White 14 53 14 45 16 49

Black 7 15 11 21 7 17

Other 3 8 5 4 4 7

Total 24 76 30 70 27 73



Gender Effect on Pharmacokinetics of Dolutegravir

Ratio 
wo ❑ Pop PK analysis of plasma concentrations 

(n = 3357) of DTG from 563 HIV+ 
treatment naïve patients (475 M; 82 F; 
15% F) in Phase 2/3 Clinical trials.

No DTG dose adjustment by these intrinsic factors is necessary. 

Zhang J et al BJCP 2015; 80: 502-514



Ratio 
wo

Gender Effect on Pharmacokinetics of Dolutegravir

Adkinson et al 9th Int Workshop on HIV & Women; 2019;  Hoffmann C et al HIV Med 2017; 18: 56-63.

The appropriate dose for any population is determined from 
clinical pharmacology (PK, exposure-response and exposure-
safety relationships) + Phase 2 & 3 Efficacy and Safety studies.

No dose adjustment of Dolutegravir for Women -
includes women on contraceptives and during 

the 2nd and 3rd trimester of pregnancy.

❑ PK related?
❑ Much higher rates 

than in pivotal trials



Gender Effect on Pharmacokinetics of Darunavir/cobi

Ratio 
wo

Stillemans G et al Clin Pharmacokin 2020 (ahead of print) 

❑ A total of 309 sparse samples and 96 rich samples for serum concentrations of 
DRV from 127 PLWH (85 M; 42 F) were included in the PopPK study.

❑ Gender was found to be a significant covariate for CL/F (21% decrease in CL in 
Females) when introduced in a univariate manner in the basic model.

❑ The BW difference between men and women not discussed!



Gender Effect on Pharmacokinetics of Tenofovir Alafenamide (TAF)

Ratio 
wo

Lutz JD  et al HIV Glasgow 2018 P262

Mean TAF exposures in males (n=439) 
and females (n=47) differed by 12–15% 



Parameter Difference 
F/M

Cmax 20%

tmax 0%

AUCinf 17%

CLF 11%

VdF 0%

t1/2 -1%

Stader F. EACS Conference 2019

Gender Effect on Pharmacokinetics of Oral and iv Drugs

Ratio 
woMeta analysis of existing studies (n = 64) comparing gender PK 

Explained by differences in body weight
and metabolism (reduced first
pass effect and hepatic metabolism).
However – within Bioequivalence

Ratio
F/M



Cabotegravir and Rilpivirine Plasma Levels in Female vs Male

Patel P et al. ID week 2019

Median (5th and 95th percentile) plasma CAB and RPV trough levels over time –
data from the ATLAS and FLAIR Trials

4 weeks following the first injection, median cabotegravir levels were 40% lower in female vs male 

• In a low dose rectal challenge model, plasma CAB concentrations > 3x PA-IC90 provided 100% protective efficacy, 1-3 x PA-IC90 provided 97% 
protective efficacy

• In a vaginal challenge model, plasma CAB concentrations > 4x PA-IC90 provided 87% protective efficacy

Andrews CD  et al. Science 2014

3xPA-IC90*
4xPA-IC90*



Gender Effect on Pharmacokinetics of LA Rilpivirine

Ratio 
wo

Cumulative RPV exposure in Females 
(n=8) higher than Males (n=4; p = 
0.042)
But
i) Small numbers
ii) Another study did not show this 

difference (Jackson A et al CPT 
2014; 96: 314-323).

Time (days)



Gender Effect on Pharmacokinetics of LA Cabotegravir

Ratio 
wo

Landovitz R et al PLOS Med Nov 8 2018; 

Parameter Female 
(n=39)

Male 
(n= 20)

p value

Injection 2

Cmax (µg/ml) 2.96 3.90 0.07

Ctau (µg/ml) 1.82 1.29 0.05

Injection 3

Cmax (µg/ml) 3.46 2.96 0.325

Ctau (µg/ml) 2.04 1.11 <0.001



Landowitz RJ et al Lancet 2020; Published online June 1st.

Gender Effect on Pharmacokinetics of LA Cabotegravir Tail



Our observation that detectable or quantifiable
concentrations of cabotegravir may persist for years 
(females > males) after final product injection has 
implications for the risk of HIV infection, drug–drug 
interactions, and resistance after dosing cessation.

CAB PK Tail: Women Have Detectable Levels Longer Than Men 
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Polypharmacy in Men & Women

Lopez-Centeno B et al CID 2019; 

Polypharmacy is more common 
in Women

❑ Consult HCPs more frequently and 
therefore detect comorbidities and 
receive medications

Prevalence of Polypharmacy (> 5 non-ARVs) by gender



Polypharmacy in Men & Women

Foca E et al PLOS One Oct 17th 2019; 

Polypharmacy the same 
in men and Women!

Females ( n=210) Males ( n=1027) Total ( n=1237) P value



Top 20 Global Co-medication Searches: Jan 2020 to Aug 2020
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HIV DDIs searched

Website 
2.5M

App
~0.7M

40,000

30,000

20,000

10,000

PPI, proton-pump inhibitor.
University of Liverpool. Top 20 Co-medications Generating the Most DDI Queries (MixPanel Analytics) Jan 2020 – Aug 15th 2020. Available at: www.hiv-druginteractions.org.

Co-Medication Malaysia Search

Atorvastatin 560

Metformin 559

Apixiban 549

Itraconazole 485

Rifampicin 428

Ca++ Supplements 391

Simvastatin 384

Sertraline 346

Fluticasone 313

Amlodipine 265

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


Co-Medications Frequently Used in Women

❑ Oral or Injectable Contraceptives
❑ HRT
❑ Supplements
❑ Herbal Remedies
❑ Anti-depressants
❑ Bisphosphonates
❑ Tamoxifen

Boffito M.  http://www.infectiousdiseasesonline.com/9th-hiv-women-2019-presentations/



There are Important DDIs with Long Acting Contraceptives.

1. Scarsi KK, et al. Clin Infect Dis 2016; 62(6):675–682;

1

Double dose levonorgestrel implant does not fully 
overcome interaction with efavirenz.
Scarsi KK, et al. CROI 2019 O51

3/20 women had unintended pregnancy in EFV Group



ART Drug Interactions with HRT



Drug Interaction Concerns in Transgender Women

Cirrincione LR et al Ex Opinion Drg Met & Tox 2020 (Online July)



ART DDIs with Hormone Therapy for Gender Affirming

HIV Drug - PERPETRATOR



ART DDIs with Hormone Therapy for Gender Affirming

Cottrell M et al CID 2019; 69: 2201-2204; Shieh E et al JIAS 2019; 22:e25405; Hiransuthikul A et al JIAS; 69: 22:e25338

These 3 cohort studies provide evidence that 
Feminizing Hormone Therapy may alter PrEP
(TDF/FTC) pharmacology pointing to reduced 
efficacy or stricter adherence requirements.

HIV Drug - VICTIM

7-fold decrease 
in rectal (but not 
PBMCs)



Key Messages

❑ There is evidence of PK differences between Men and Women for 
orally administered ARVs ie higher drug exposure in women (~20%) 
but body weight is likely a key driver (along with reduced first pass 
metabolism).

Difficult to pin point any clinical relevance of gender per se on  
oral PK.

❑ There is evidence of PK differences between Men and Women for LA 
CAB and RPV ie higher drug exposure in women after multiple dose 
and longer tail.

Potential relevance for managing the PK tail after last injection



Key Messages

❑There is evidence that polypharmacy is more common in women.
There are ‘problematic’ co-medications that need monitoring with 
some ARVs.

❑ Note the important area of drug interactions with gender-affirming 
therapies. 

Potential for reduced efficacy of PREP.

Ethnicity: Sorry - that needs to be another discussion!



Grateful Thanks

Liverpool Website Team

Katie Moss
Liverpool

Fiona Mara
Glasgow David Burger

Nijmegen

Catia Marzolini
Basel

David Back
Liverpool

Saye Khoo
Liverpool

Sara Gibbons
Liverpool

Justin Chiong
Liverpool

Jasmine Martin
Liverpool

Katie Hodge
Liverpool

Alison Boyle
Glasgow


