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 All current and 
upcoming PREPs 
are single-class*

 High genetic 
barrier difficult to 
obtain

 All common ART 
regimens are 
dual-class

 Genetic barrier 
usually high (2nd

gen INSTIs)
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 72 TDF/FTC PrEP 
studies, 17,274 
individuals 

 101 acquired HIV-1 
after PrEP initiation 
and within 60 days of 
PrEP discontinuation
 HIV-1 IR 0.77 per 100 

person-years 

 78 with available HIV-1 
genotype

Adapted from Landovitz, Clin Infect Dis 2024

M184V AND K65R +/- TAMs
23%

K65R
1% M184V + K65R

4%

TAMs only
4%

No NRTI RAMs
68%

Distribution of NRTI RAMs in 78 cases

NNRTI RAMs in 12 cases, 
including 8 with 

concomitant NRTI RAMs

32% of cases have NRTI RAMs



Parikh, Curr Opin HIV AIDS 2024

5.3% 58.1%



PrEP 
start

VL

Undiagnosed 
acute 

infection
No initial containment of virus replication
High viral load at first virus-drug contact
Higher risk of resistance selection

PrEP 
start

VL

Immediate containment of virus replication
Low viral load at first virus-drug contact
Lower risk of resistance selection

Incident 
infection

PrEP

HIV

PrEP

HIV

Baseline or incident virus 
may harbor RAMs (TDR)
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*Acquisitions detected >6 months after the last CAB injection; 

**Acquisitions detected >6 months after the last injection that were identified when LA PrEP was restarted in the open-label study ***Acquisitions in the setting of at least one inter-

injection delay of ≥10 weeks but not meeting group B criteria

CAB (3,205 PYs) TDF/FTC (4,596 PYs)

Timing of HIV acquisition 4 HIV acquisitions

0 with INSTI 

RAMs

36 HIV 

acquisitions 1 with NRTI RAMs

BL HIV acquisition 1 0 0 0

No recent CAB exposure* 2 0 – –

CAB restarted after HIV acquisition** 0 0 – –

During CAB OLI phase 0 0 – –

On-time CAB LA injections 0 0 – –

Delayed CAB LA injections*** 1 0 – –

During daily oral TDF/FTC – – 36 1

Delany-Moretlwe, Lancet 2022
Delany-Moretlwe, IAC 2022

No INSTI resistance detected in the CAB arm



CAB (3,205 PYs) TDF/FTC (4,596 PYs)

Timing of HIV acquisition

4 + 3 HIV 

acquisitions

0 with INSTI 

RAMs

36 HIV 

acquisitions 1 with NRTI RAMs

BL HIV acquisition 1 0 0 0

No recent CAB exposure* 2 + 2 0 – –

CAB restarted after HIV acquisition** 0 0 – –

During CAB OLI phase 0 + 1 0 – –

On-time CAB LA injections 0 0 – –

Delayed CAB LA injections*** 1 0 – –

During daily oral TDF/FTC – – 36 1

Delany-Moretlwe, Lancet 2022
Delany-Moretlwe, IAC 2022

No INSTI resistance detected in the CAB arm (+ 3 incident cases without resistance info in the unblinded phase)

*Acquisitions detected >6 months after the last CAB injection; 

**Acquisitions detected >6 months after the last injection that were identified when LA PrEP was restarted in the open-label study ***Acquisitions in the setting of at least one inter-

injection delay of ≥10 weeks but not meeting group B criteria



CAB (3,205 PYs) TDF/FTC (4,596 PYs)

Timing of HIV acquisition

29 HIV 

acquisitions

10 with INSTI 

RAMs

76 HIV 

acquisitions

12 with NRTI 

RAMs

BL HIV acquisition 4 1 3 2

No recent CAB exposure* 12 0 – –

CAB restarted after HIV acquisition** 1 1 – –

During CAB OLI phase 3 2 – –

On-time CAB LA injections 6 6 – –

Delayed CAB LA injections*** 3 0 – –

During daily oral TDF/FTC – – 73 10

Landovitz, Lancet HIV 2023
Marzinke, J Infect Dis 2021

Marzinke, Antimicrob Agents Chemother 2023

*Acquisitions detected >6 months after the last CAB injection; 

**Acquisitions detected >6 months after the last injection that were identified when LA PrEP was restarted in the open-label study ***Acquisitions in the setting of at least one inter-

injection delay of ≥10 weeks but not meeting group B criteria

34% 16% 



CAB (3,205 PYs) TDF/FTC (4,596 PYs)

Timing of HIV acquisition

29 HIV 

acquisitions

10 with INSTI 

RAMs

76 HIV 

acquisitions

12 with NRTI 

RAMs

BL HIV acquisition 4 1 3 2

No recent CAB exposure* 12 0 – –

BR CAB restarted after HIV acquisition** 1 1 – –

C During CAB OLI phase 3 2 – –

D On-time CAB LA injections 6 6 – –

Delayed CAB LA injections*** 3 0 – –

During daily oral TDF/FTC – – 73 10

Landovitz, Lancet HIV 2023
Marzinke, J Infect Dis 2021

Marzinke, Antimicrob Agents Chemother 2023

6 participants acquired HIV and developed INSTI resistance whilst adherent to CAB LA injections

*Acquisitions detected >6 months after the last CAB injection; 

**Acquisitions detected >6 months after the last injection that were identified when LA PrEP was restarted in the open-label study ***Acquisitions in the setting of at least one inter-

injection delay of ≥10 weeks but not meeting group B criteria



CAB

Undiagnosed acute 

infection

Viral breakthrough while 

on PREP

Viral infection while on 

CAB tail

CAB tail

LA 
CAB 
start

LA 
CAB 
stop

Time

Oral lead in

CAB injections

1/4 2/3 0/15

The good news!

No DR when 
last CAB >6 M

DR with on time 
CAB injections

The bad news!

6/6



Landovitz
N Engl J Med 2024

(quantifiable)



 16 participants followed 
through week 52

 Median plasma CAB 
concentrations exceeded 
the in vitro PA-IC90 
through Week 12 

 Strong correlations 
between tissue and 
plasma CAB 
concentrations

Shaik, Brit J Clin Pharmacol 2022

Median CAB concentration–time profiles presented by matrix 

following a single, ultrasound guided CAB LA 600-mg 

intramuscular gluteal injection

[Rectal tissue] / [plasma] = 0.09

[Rectal fluid] / [plasma] = 0.32

[Vaginal tissue] / [plasma] = 0.16

[Cervical tissue] / [plasma] = 0.14

[Cervicovaginal fluid] / plasma = 0.08



Adapted from Eshleman, CROI 2023

Minimal or no 
symptoms

Very low viral load
Decreased/delayed 

antibody 

Long-acting early viral inhibition syndrome (LEVI)



VL

CAB
 Potent drug
 Immediate containment of virus replication
 Low (hard to detect) viral load in peripheral blood

PrEP

HIV

Diagnosis at 
HPTN lab
(HIV RNA)

Diagnosis at study site
Rapid test - Ag/Ab

INFECTION 
even earlier?

CAB measurements

 Overall, it seems high 
CAB concentration is 
needed to select for 
drug resistance

 HIV testing based on rapid test plus Ab/Ag combo at study site
 Ab/Ag combo plus qualitative HIV-1 RNA at HPTN lab

 Could infection have 
occurred even earlier than 
detected at HPTN lab?

 How was CAB 
concentration at that 
time?



Adapted from Marzinke, 
J Infect Dis 2021
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Cases with delayed diagnosis

Delayed Not delayed 0 25 50 75 100
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Median VL at first HIV+ visit

Delayed HIV diagnosis much 
more prominent with LA CAB 

compared to oral TDF/FTC

(increased drug class potency)



Visits with an RNA screening test at sites

2 2942

20 22 5 24

73 (One or more reactive/positive HIV test result)

26,528

PPV: 100%

FPR: 0%

NPV: 100%

PPV: 0%

#1

Negative Non-
RNA HIV test

#1

False positive isolated RNA True positive isolated RNA 

22

2nd consecutive 

RNA test at site

#2

Negative Non-
RNA HIV test 5

2nd consecutive 

RNA test at site

#2
or

ADJUDICATED 

NEGATIVE

ADJUDICATED 

POSITIVE
ADJUDICATION STATUS 

NOT DETERMINED

POSITIVE HIV

RNA TEST

NEGATIVE HIV 

RNA TEST

NEGATIVE NON-RNA

HIV TEST

or or

NO CAB-LA W/ IN

THE LAST 6 MONTHS

CAB-LA W/ IN

THE LAST 6 MONTHS

POSITIVE NON-RNA

HIV TEST

Landovitz, IAC 

2024

Single isolated 

positive HIV RNA 

result at study 

sites performed 

poorly for 

detecting HIV 

infection

Repeat RNA testing was able to 

discriminate true from false 

positive cases



Fogel, AIDS Res Hum Retroviruses 2025

HIV RNA-negative, HIV DNA-

positive
HIV RNA-positive, HIV DNA-

negative



Median viral load at first detection of resistance: 148 c/mL (IQR: 77-1,011)

Case 

ID 

HIV 

subtype

First HIV+ visit at 

centralized lab

First HIV+ visit at study 

site

A2 C None E138K Q148K

C1 B None Q148R → E138K G140S Q148R

C3 B None E138A Q148R

D1 Likely B N155H Q148R N155H → N155H R263K

D2 Likely B NA N155H

D3 BF None R263K

D4 C NA
Q148R → E138K Q148R → G140A

Q148R

D5 F R263K R263K

D6 AE None Q148R

BR1 BC None Q148R

Eshleman, HPTN Meeting June 2024



Retrospective testing with a sensitive RNA assay detected most infections before INSTI 
resistance emerged

Case 

ID 

HIV 

subtype

First HIV+ visit at 

centralized lab

First HIV+ visit at study 

site

A2 C None E138K Q148K

C1 B None Q148R → E138K G140S Q148R

C3 B None E138A Q148R

D1 Likely B N155H Q148R N155H → N155H R263K

D2 Likely B NA N155H

D3 BF None R263K

D4 C NA
Q148R → E138K Q148R → G140A

Q148R

D5 F R263K R263K

D6 AE None Q148R

BR1 BC None Q148R

Eshleman, HPTN Meeting June 2024



Case 

ID 

HIV 

subtype

First HIV+ visit at 

centralized lab

First HIV+ visit at study 

site

A2 C None E138K Q148K

C1 B None Q148R → E138K G140S Q148R

C3 B None E138A Q148R

D1 Likely B N155H Q148R N155H → N155H R263K

D2 Likely B NA N155H

D3 BF None R263K

D4 C NA
Q148R → E138K Q148R → G140A 

Q148R

D5 F R263K R263K

D6 AE None Q148R

BR1 BC None Q148R

Eshleman, HPTN Meeting June 2024

Susceptible
Potential low-

level R
Low-level R Intermediate R High-level R

Predicted impact on dolutegravir activity
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https://data.prepwatch.org/

Total
66,100 initiations



Koss, Open Forum Infect Dis 2024

SeroPrEP registry and 

biobank of individuals 

who acquire HIV on 

PrEP in the US

8% sequences with Q148R



Parikh, HIVR4P 2024

Assessment Method Case A Case B Case C

Sanger genotyping

 Sample collection, days post diagnosis 7 13 6 

 INSTI mutations detected None None None

Single-genome sequencing

 Sample collection, days post diagnosis Unavailable 7 10

 Signature INSTI mutations detected, 
n/N sequences

Unavailable E138K (1/56) Q148R (10/33)

 Accessory INSTI mutations detected, 
n/N sequences

Unavailable N155K (1/43) None



Pastor, Glasgow 2024

Outcomes

RAMs and virologic outcomes of HIV incident cases among PrEP users
June 2018–
June 2024

Although PrEP is highly effective, infrequent HIV acquisition can 
occur. Major INSTI RAMs occurred in 2/2 (100%) 

individuals on Q2M IM CAB and NRTI RAMs in 1/4 (25%) 
individuals on F/TDF with incident HIV

Individuals who started PrEP 
at a sexual health clinic

N=517

aDue to missed doses and intolerance
N/A, not available; Q2M, every 2 months; TGW, transgender women
Pastor I, et al. HIV Glasgow 2024, Poster 026

Characteristic N=517

Age, years, median (IQR) 31 (27, 37)

Gender, n (%)
Cisgender MSM
TGW

512 (99)
5 (1)

ART used for PrEP, n (%)
F/TDF
Q2M IM CAB

391 (76)
126 (24)

PrEP days, median (IQR) 545 (318, 967)

Baseline Characteristics of Individuals Starting PrEP Adherence and RAMs in HIV Incident Cases Among Individuals Receiving PrEP

ART for PrEP n/N (%) Adherence Major RAMs

Q2M IM CAB
2/126 
(1.6%)

Good in 2/2
In 2/2 

(INSTI in 2; NNRTI in 1)

F/TDF
4/391 
(1.0%)

Irregulara in 3/4
Good in 1/4

In 1/4 (NRTI)



Predicted effects of 
introduction of LA CAB in 
SSA by HIV Synthesis 
modeling:

 Increased PrEP use

 Increased proportion of 
INSTI resistance

 Small decrease in 
proportion of PWH with 
VL <1000 cps/mL

 Decreased HIV 
incidence and mortality

 Little benefit from NAT 
over Ag/Ab assays

Smith, Lancet HIV 2023

“…fears of resistance should not delay the 

introduction of

CAB-PrEP, but the development and roll-

out of a long-acting PrEP that is not 

susceptible to INSTI resistance is a 

priority.”
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Aug 2024
Screening and at least every 3 
months: HIV Ag/Ab and HIV-1 
RNA tests

Sep 2023
Screening and at each 
subsequent injection: HIV 
Ag/Ab and HIV-1 RNA tests

Mar 2024
Le persone devono essere 
sottoposte al test per l'HIV-1, 
prima di iniziare cabotegravir e 
a ogni successiva iniezione di 
cabotegravir […]. Un test  
combinato antigene/anticorpo e 
un test HIV-RNA devono 
risultare entrambi negativi.



 Nucleic acid testing detects infection earlier than Ab/Ag assays and 
rapid tests

Extremely sensitive NAT may generate false positives

 Early diagnosis may limit the risk of emergent INSTI resistance
Sequencing at low HIV RNA copy numbers is challenging and not 

commonly and readily available 

Repeated testing with routine HIV1 RNA (and non-routine HIV DNA) assays helps 
distinguish true from false positives 

Switch proactively to bDRV based ART as soon as diagnosis is confirmed
Optionally adjust ART based on GRT, if available



Feature Oral TXF/FTC LA CAB

Impact of TDR Limited but tangible Virtually none  

Vulnerability of PK tail Low Moderate to high

Impact of adherence High Low 

Drug class potency Low High

Drug combination Two compounds but one class One compound

Major causes for resistance TDR, erratic adherence To be defined



*Acquisitions detected >6 months after the last CAB injection 

**Acquisitions detected >6 months after the last injection that were identified when CAB LA PrEP was restarted in the open-label study

***Acquisitions in the setting of at least one inter-injection delay of ≥10 weeks but not meeting group B criteria 

CAB (3,205 PYs) TDF/FTC (4,596 PYs)

Timing of HIV acquisition

29 HIV 

acquisitions

10 with INSTI 

RAMs

76 HIV 

acquisitions

12 with NRTI 

RAMs

BL HIV acquisition 4 1 3 2

No recent CAB exposure* 12 0 – –

CAB restarted after HIV acquisition** 1 1 – –

C During CAB OLI phase 3 2 – –

D On-time CAB LA injections 6 6 – –

Delayed CAB LA injections*** 3 0 – –

During daily oral TDF/FTC – – 73 10

Landovitz, Lancet HIV 2023
Marzinke, J Infect Dis 2021

Marzinke, Antimicrob Agents Chemother 2023

6 participants acquired HIV and developed INSTI resistance whilst adherent to CAB LA injections



CAB

Undiagnosed 
acute 

infection

1

Viral 
breakthrough 
while on PREP

2

Viral infection 
while on CAB tail

2

No delay in HIV diagnosis and no INSTI 

resistance >6 months after last injection



1. Marzinke MA, et al. HIV Glasgow 2022. Oral O21
2. Delany-Moretlwe S, et al. AIDS 2022. Oral OALBX0108

*Data analysed following post hoc, centralised testing of stored samples from the blinded phase 
and Year 1 unblinded phase
†Standard deviation not reported



 Real-world studies that identified VFs and 
reported RAM testing results at VF among 
people who were virologically suppressed at 
CAB+RPV LA initiation
 13 studies representing 2934 PWH

 21 of 29 (72%) VFs had treatment-emergent 
resistance reported across 11 studies
 18 (46%) had treatment-emergent NNRTI RAMs
 14 (36%) had treatment-emergent INSTI RAMs

▪ Most common major INSTI RAMs included Q148R
(n=5), N155H (n=5), E138K (n=3), R263K (n=2), and 
G140S (n=2)

 11 (38%) had treatment emergent resistance to 
both INSTI and NNRTI

Smuk, Glasgow 2024

8; 28%

3; 10%

7; 24%

11; 38%

Distribution of emergent resistance

None INSTI only

NNRTI only INSTI + NNRTI



RCT (participants 
on CAB/RPV)

VFs with 
genotype

Genotypes with NNRTI RAMs (cases 
with same RAMs at baseline) 

Genotypes with INSTI RAMs (cases 
with same RAMs at baseline) 

FLAIR (283) 3 3 (2) 1 (0)

ATLAS (308) 4 4 (0) 4 (0)

ATLAS  2M (1045) 11 10 (5) 7 (0)

SOLAR (447) 2 2 (0) 2 (0)

NNRTI 
only; 5; 

25%

INSTI 
only; 0; 

0%

NNRTI plus INSTI; 
14; 70%

No RAMs; 
1; 5%

Cases with RAMs at failure*

0 5 10

K101E

K103N

V106A

V108I

E138AEGKT

Y181C

Y188L

G190Q

P225H

M230L

NNRTI RAMs

0 2 4 6 8

T97A

G118R

G140R

E138K

Q148R

N155H

R263K

INSTI RAMs



PrEP 
start

VL

Undiagnosed 
acute 

infection
No initial containment of virus replication
High viral load at first virus-drug contact
Higher risk of resistance selection

PrEP 
start

VL

Immediate containment of virus replication
Low viral load at first virus-drug contact
Lower risk of resistance selection

Incident 
infection

PrEP

HIV

PrEP

HIV



Rhee, Antivir Res 2022

Correlation between reduced CAB and DTG susceptibility. Susceptibility results on both axes are shown on a log2 
scale according to whether the tested isolates contained one, two, or three or more INSTI-resistance mutations.

Fold-change resistance to CAB ≥4x fold-change resistance to DTG



Oliveira, Retrovirology 2018



 Intravaginal inoculations of 
SHIV twice a week for up to 
11 weeks in 6 pigtail 
macaques 

 CAB injection every 4 weeks

 All 6 macaques protected 
from infection 

 Vaginal and plasma drug 
concentrations remained 
above CAB PA-IC90

Radzio-Basu, Sci Transl Med 2015



NX-IT-HVX-PPT-240021
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/ During the PK tail phase, CAB levels 

will eventually fall below the protective 

threshold, but CAB can remain in 

circulation for an extended period1,2

/ There is a theoretical risk of developing 

resistance to CAB LA if an individual 

acquires HIV during this period3

*16 cases of HIV acquisition that occurred >6 months since the last CAB exposure

1. Landovitz RJ, et al. Lancet HIV 2020;7:e472–81; 2. Ford SL, et al. CROI 2020. Poster 466; 3. Radzio-Basu J, et al. Nat Commun 2019;10:2005

4. DHHS/CDC Clinical Practice Guideline: PrEP for the Prevention of HIV Infection in the United States. Updated 2021

5. WHO. Guidelines on Long-acting injectable cabotegravir for HIV prevention. Jul 2022

6. Landovitz RJ, et al. N Engl J Med 2021;385:595–608; 7. Marzinke MA, et al. Antimicrob Agents Chemother 2023;e0005323 (and suppl. appendix)

CAB LA PrEP: Potential zone of resistance risk during PK tail

No participant in HPTN 083 and 084 who acquired HIV-1 during the PK 

‘tail phase’* was found to have developed resistance to CAB or other INSTIs5‒7

Theoretical risk of resistance related to drug exposure4

Adherence/drug exposure
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0

/ No drug

/ No resistance

/ HIV infection

/ No resistance

/ No HIV infection

Zone of

resistance risk 



CAB

Undiagnosed 
acute 

infection

1

Viral 
breakthrough 
while on PREP

2

Viral infection 
while on CAB tail

3

PrEP
Time to 
steady 
state

CAB tail

LA 
CAB 
start

LA 
CAB 
stop

Time

4 cases No cases30 cases



Slide credit: clinicaloptions.com

Stopping LA CAB for PrEP

 Assess for ongoing risk of 
HIV exposure 

 Counsel about long duration of 
declining CAB levels and risk of 
resistance if HIV acquisition occurs

 Give oral PrEP if it is indicated; 
FTC/TDF or FTC/TAF can begin 
within 8 wk after last CAB injection

 Continue follow-up quarterly for 
12 mo to assess PrEP needs, and 
complete HIV testing 

www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2021.pdf

HIV Resistance and PrEP

R
is

k 
o

f 
R

e
si

st
an

ce
 (

R
e

d
)

H
IV

 P
ro

te
ct

io
n

 (
B

lu
e

) 1.0

0.5

0.0

• No drug
• No resistance
• Infection

Low High

Adherence/Drug Exposure

HIV infection
Resistant infection

Zone of 
resistance 

risk

• No infection
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http://www.clinicaloptions.com/


 HPTN 077, 8 sites in Brazil, Malawi, 
South Africa, and the USA

 134 adults in CAB group
 CAB still detectable after final 

injection: 
 at 52–60 weeks, in 9 (23%) males vs. 

52 (63%) females  
 at week 76, 4 (13%) males vs. 27 (42%) 

females 
 Median time to undetectability of 

CAB was 43·7 weeks for males vs. 
67·3 weeks for females (p=0·0003)

 Apparent CAB half life was longer for 
females than males (FC 1·33; 
p=0·014), and longer for participants 
with a high BMI than those with a 
low BMI (1·31; p=0·015)

Landovitz, Lancet HIV 2021



Shaik, Brit J Clin Pharmacol 2022

Median CAB concentration–time profiles presented by matrix 

following a single, ultrasound guided CAB LA 600-mg 

intramuscular gluteal injection

[Rectal tissue] / [plasma] = 0.09

[Rectal fluid] / [plasma] = 0.32

[Vaginal tissue] / [plasma] = 0.16

[Cervical tissue] / [plasma] = 0.14

[Cervicovaginal fluid] / plasma = 0.08



 4 participants acquired 
HIV despite mostly on-
time CAB-LA injections 
(group D) 

 2–7 injections before the 
first HIV-positive visit

 Median CAB 
concentration at that visit 
was 1.56 (1.48–1.71) 
µg/mL 

 ≥8× PA-IC90 at 83% and 
≥4× PA-IC90 at 95% of 
the evaluable visits 
before the first HIV-
positive visit

Marzinke, J Infect Dis 2023

D1

D2



Marzinke, J Infect Dis 2023

D3

D4

 4 participants acquired 
HIV despite mostly on-
time CAB-LA injections 
(group D) 

 2–7 injections before the 
first HIV-positive visit

 Median CAB 
concentration at that visit 
was 1.56 (1.48–1.71) 
µg/mL 

 ≥8× PA-IC90 at 83% and 
≥4× PA-IC90 at 95% of 
the evaluable visits 
before the first HIV-
positive visit



Case D2

Case D3

Marzinke, J Infect Dis 2021

CAB levels
CAB injections

First HIV+
First site HIV+

1.33 µg/mL
= 

8× PA-IC90

0.664 µg/mL 
=

4×PA-IC90

0.166 µg/mL 
=

1× PA-IC90



Landovitz, N Engl J Med 2024



Landovitz, Lancet HIV 2023

CAB LA tail phase was technically defined as >10 to <66.6 weeks after a cabotegravir injection, and for which post-
hoc pharmacological assessment suggested that the infection was likely to have been acquired while cabotegravir 

was quantifiable in plasma; this excludes participants re-exposed to injectable cabotegravir subsequent to infection



Eshleman, J Infect Dis 2023

aThe concentration of cabotegravir associated with protection against HIV infection (PAIC90) is 1.330 
µg/mL.



CAB

Undiagnosed 
acute 

infection

1

Viral 
breakthrough 
while on PREP

3

Viral infection 
while on CAB tail

4

PrEP
Time to 
steady 
state

CAB tail

LA 
CAB 
start

LA 
CAB 
stop

Time

Oral lead in 
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 Retrospective testing with a sensitive RNA assay detected most infections before 
INSTI resistance emerged

 Median viral load at first detection of resistance: 148 c/mL (IQR: 77-1,011)

Case ID HIV subtype First HIV+ visit at centralized lab First HIV+ visit at study site

A2 C None E138K Q148K

C1 B None Q148R → E138K G140S Q148R

C3 B None E138A Q148R

D1 Likely B N155H Q148R N155H → N155H R263K

D2 Likely B NA N155H

D3 BF None R263K

D4 C NA Q148R → E138K Q148R → G140A Q148R

D5 F R263K R263K

D6 AE None Q148R

BR1 BC None Q148R

Eshleman, HPTN Meeting June 2024



Tittle, Lancet HIV 2020

Retrospective analysis of data from 939 patients attending a sexual health and HIV clinic in central London 



Misra, Clin Infect Dis 2023

Characteristic Cases with M184I/V at Baseline  (%) Total cases P Value (χ2 Test)

All 98 (2) 4246

PrEP use history <.001

Recent PrEP use 19 (14) 136

Past PrEP use 10 (8) 124

No known PrEP use 69 (2) 3986

 New York City surveillance and partner services data to measure the effect of TXF/FTC PrEP 
history on the baseline prevalence of M184I/V at HIV diagnosis in 2015–2022

 PrEP use categorized as “recent” (stopped ≤90 days before diagnosis), “past” (PrEP >90 
days before diagnosis), or “no known use”



 New York City surveillance and partner services data to measure the effect of TXF/FTC PrEP 
history on the baseline prevalence of M184I/V at HIV diagnosis in 2015–2022

 PrEP use categorized as “recent” (stopped ≤90 days before diagnosis), “past” (PrEP >90 
days before diagnosis), or “no known use”

Misra, Clin Infect Dis 2023



Parikh, Curr Opin HIV/AIDS 2015



 Resistance was rare in 
PrEP clinical trials
 Overall risk: 0.05% 

(5/9222)

 Resistance favoured in 
people with 
undiagnosed acute 
HIV infection at study 
entry
 risk: 37% in this setting

Infected

At Study Entry

Incident

Infection

PrEP Placebo PrEP Placebo

iPrEx 2/2 1/8 0/48 0/83

Partners PrEP 1/3 0/6 0/13 0/52

TDF2 1/1 0/2 0/9 0/24

FEM-PrEP 0/1 0/1 4/33 1/35

VOICE 2/9 0/1 1/61 0/60

Total 6/16 1/18 5/164 1/254

Number with Resistance/Total Number Infected

P=0.035 P=0.037

P<0.001 Adapted from Gibas, Drugs 2019
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Clinical Genotypic Drug Resistance With Daily F/TDF
in the Setting of PrEP

• Resistance was rare in PrEP clinical trials

– Overall risk: 0.05% (5/9222)

– Number needed to treat to harm: 1844

– All resistance occurred in people with 

undiagnosed acute HIV infection at study entry 

(risk: 37% in this setting)

• Multiple HIV infections were averted for every 

case of resistance

– Overall

• Daily PrEP prevented >8 HIV infections for every 

FTC-resistant HIV infection

– Partners PrEP

• Daily PrEP prevented 25 HIV infections for every 

drug-resistant infection

Gibas KM, et al. Drugs. 2019;79:609-619.

PrEP Placebo PrEP Placebo

iPrEx 2/2 1/8 0/48 0/83

Partners PrEP 1/3 0/6 0/13 0/52

TDF2 1/1 0/2 0/9 0/24

FEM-PrEP 0/1 0/1 4/33 1/35

VOICE 2/9 0/1 1/61 0/60

Total 6/16 1/18 5/164 1/254

Number Infected and Resistance/

Total Number Infected

Infected

At Study Entry

Incident

Infection

F/TDF: emtricitabine/tenofovir disoproxil fumarate.



Parikh, Curr Opin HIV AIDS 2024



Parikh, Curr Opin HIV AIDS 2024

5.3% 58.1%
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DISCOVER Trial: HIV Incidence at Week 96 With Daily F/TAF 
or F/TDF for HIV PrEP

• F/TAF was non-inferior to F/TDF for HIV 

prevention at both week 48 and 96

• HIV infections: 23 in 10,081 person-years of 

follow-up

– F/TAF (n=8): suspected baseline infection (n=1), 

low TFV-DP levels (n=6), medium TFV-DP levels 

(n=1)

• No FTC or TAF resistance

– F/TDF (n=15): suspected baseline infection (n=4), 

low TFV-DP levels (n=10), high TFV-DP levels 

(n=1)

• FTC resistance: 4/13 who were genotyped

HIV Incidence
(week 96)
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IRR: 0.54
(0.23-1.26)

0.16

F/TAF
(n=2670)

F/TDF
(n=2665)

15 infections
(5052

person-years)

0.30

8 infections
(5029

person-years)

Mayer KH, et al. Lancet. 2020;396:239-254.
Ogbuagu O, et al. CROI 2020. Boston, MA. Abstract 92.



 Observational 
study across 10 
European 
countries 

 1,725 new HIV 
diagnoses, Oct 
2020 to Mar 2024 

 Main reason (60%) 
for diagnosis was 
regular testing

 70 had used PREP, 
genotype available 
for 50

Cambiano, Glasgow 2024



GEMS: Study Design

 Observational cross-sectional study 

 Blood samples (whole blood for plasma or dried blood spots) collected from 
participants diagnosed with HIV on PrEP

 Demographics and self-reported adherence obtained through a questionnaire

 HIV drug resistance mutations revealed by Sanger sequencing of reverse 
transcriptase and analyzed using Stanford HIVdb v9.0

 Tenofovir-diphosphate levels measured by liquid chromatography–
mass spectrometry

Slide credit: clinicaloptions.comParikh. IAS 2021. Abstr OALC01LB02.

http://www.clinicaloptions.com/


GEMS: Characteristics of Patients Who Seroconverted 
on PrEP 

 229 reported seroconversions on 
PrEP between December 2017 
and June 2021

 208 (91%) patients provided a sample

‒ South Africa: 79 (38%) 

‒ Kenya: 65 (31%) 

‒ Zimbabwe: 36 (17%) 

‒ Eswatini: 28 (13%) 

Slide credit: clinicaloptions.comParikh. IAS 2021. Abstr OALC01LB02.

Characteristic
Patients
(N = 208)

Female sex, n (%) 155 (75)

Age category at seroconversion, n (%)
 16-24
 ≥25
 Unknown

108 (52)
95 (46)

5 (2)

Population, n (%)
 Adolescent girl/young woman
 Serodifferent couple
 Female sex worker
 Men who have sex with men
 Transgender woman
 Pregnant or lactating
 Incarcerated

87 (42)
50 (23)
20 (10)
15 (7)
12 (6)
8 (4)

1 (<1)

http://www.clinicaloptions.com/


GEMS: Time From PrEP Initiation to Seroconversion

Slide credit: clinicaloptions.com

Time from PrEP Initiation to Seroconversion, 
mo

Patients, %
(N = 208)

0-3 35

3-6 20

6-12 20

12+ 18

Unknown 8

Parikh. IAS 2021. Abstr OALC01LB02.

http://www.clinicaloptions.com/


GEMS: Analysis of Resistance and Adherence Level

 118/208 samples (57%) successfully sequenced

‒ Insufficient HIV-1 RNA (30% of samples) most common reason 
for no result

Slide credit: clinicaloptions.comParikh. IAS 2021. Abstr OALC01LB02.

Resistance Mutations Associated 
With PrEP

(K65R, K70E, M184IV)

27/118 (23%)
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2/18 
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High‡

14/18
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* <350 fmol/punch, <2 doses/week. 
† 350-699 fmol/punch, 2-3 doses/week. 
‡ ≥700 fmol/punch, 4-7 doses per week. 

Resistance Mutations 
Not Associated With PrEP

26/118 (22%)

Low*

12/20 
(60%)

Moderate†

1/20 
(5%)

High‡

7/20
(35%)
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No Resistance Mutations

65/118 (55%)

Low*

34/41 
(82%)

Moderate†

1/41 
(2%)

High‡

6/41
(15%)
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ce Low*

2/18 
(11%)

http://www.clinicaloptions.com/


GEMS: Analysis of Resistance Mutations

Slide credit: clinicaloptions.comParikh. IAS 2021. Abstr OALC01LB02.

Resistance Pattern Patients, n

PrEP mutation only
K65R, K70E, M184V
M184I/V

14
1

13

PrEP and NNRTI mutations
K65R, M184V + L100I, K103N
K65R, M184V + K101E, V106M, E138A, G190A
K65R + K103N
M184I/V + various NNRTI mutations

13
1
1
1

10

http://www.clinicaloptions.com/


Landovitz, Clin Infect Dis 2024



 72 TDF/FTC PrEP 
studies, 17,274 
individuals 

 101 acquired HIV-1 
after PrEP initiation 
and within 60 days of 
PrEP discontinuation
 HIV-1 IR 0.77 per 100 

person-years 

 78 with available HIV-1 
genotype

Adapted from Landovitz, Clin Infect Dis 2024

M184V AND K65R +/- TAMs
23%

K65R
1% M184V + K65R

4%

TAMs only
4%

No NRTI RAMs
68%

Distribution of NRTI RAMs in 78 cases

NNRTI RAMs in 12 cases, 
including 8 with 

concomitant NRTI RAMs



Adapted from Landovitz, Clin Infect Dis 2024

 Adherence measured by 
TFV-DP in DBS. Least-
squares means by week for 
individuals diagnosed with 
HIV-1 and individuals not 
diagnosed

 TFV-DP concentration data 
in DBSs were available for 
9 participants with 
M184V/I and/or K65R
 Including 4 with high 

adherence, diagnosed 28 
to 84 days after PrEP 
initiation (PrEP started 
during unrecognized acute 
infection?)

Adherence group HIV incidence rate per 100 PYs

Low (<2 doses/week) 2.39

Medium (2-3 doses/week) 0.24

High (consistent daily dosing) 0.05

HIV 
diagnosis

No HIV 
diagnosis



 TDF/FTC PrEP) in 
women (South Africa) 
and MSM (Thailand, US)

 Once-weekly DOT of 
TDF/FTC, then 
randomization to daily, 
time-driven, or event-
driven PrEP 

 12 HIV seroconversion 
events

 Sensitive assays 
improved detection of 
HIV infection 

 Drug resistance mostly 
detected by NGS

Sivay, JAIDS 2017



PrEP 
start

VL

Undiagnosed 
acute 

infection
No initial containment of virus replication
High viral load
Higher risk of resistance selection

PrEP 
start

VL

Immediate containment of virus replication
Low viral load
Lower risk of resistance selection

Incident 
infection

PrEP

HIV

PrEP

HIV



Feature Oral TXF/FTC LA CAB

Impact of TDR Limited but tangible Virtually none  

Vulnerability of PK tail Low Moderate to high

Impact of adherence High Low 

Drug class potency Low High

Drug combination Two compounds but one class One compound

Major causes for resistance TDR, erratic adherence To be defined



1. Landovitz. NEJM. 2021;385:595. 
2. Delany-Moretlwe. Lancet. 2022;399:1779. 

LA CAB superior to reference TDF/FTC PrEP in both trials



1. Landovitz. NEJM. 2021;385:595. 
2. Delany-Moretlwe. Lancet. 2022;399:1779. 

LA CAB superior to reference TDF/FTC PrEP in both trials



i-base.info





1. Marzinke MA, et al. HIV Glasgow 2022. Oral O21
2. Delany-Moretlwe S, et al. AIDS 2022. Oral OALBX0108

*Data analysed following post hoc, centralised testing of stored samples from the blinded phase 
and Year 1 unblinded phase
†Standard deviation not reported



Slide credit: clinicaloptions.com

Stopping LA CAB for PrEP

 Assess for ongoing risk of 
HIV exposure 

 Counsel about long duration of 
declining CAB levels and risk of 
resistance if HIV acquisition occurs

 Give oral PrEP if it is indicated; 
FTC/TDF or FTC/TAF can begin 
within 8 wk after last CAB injection

 Continue follow-up quarterly for 
12 mo to assess PrEP needs, and 
complete HIV testing 

www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2021.pdf

HIV Resistance and PrEP
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US Public Health Service. PREEXPOSURE PROPHYLAXIS FOR THE PREVENTION OF HIV INFECTION  IN THE UNITED STATES – 2021 UPDATE



Parikh, Curr HIV AIDS Rep 2022

Using the same drugs and drug 
classes for both prevention and 
treatment increases the risk of 
resistance and failure of both 

approaches



Parikh, Curr Opin HIV AIDS 2022
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week use of TDF/FTC following 

last CAB injection



Oliveira, Retrovirology 2018



 LA CAB administered at two time 
points 4 weeks apart 

 Macaques challenged weekly for 8 
weeks starting 1 week after last 
CAB injection

 All animals protected at CAB 
plasma concentrations achievable 
with quarterly injections in 
humans

 Repeated challenging until 
infection occurred showed 
protection decreased over time 
and correlated with the plasma 
drug levels 

Andrews, Science 2014



 12 female pigtail 
macaques were exposed 
to 22 intravaginal 
inoculations of SHIV, 
twice a week for up to 11 
weeks 

 6 animals received LA 
CAB injections 50 mg/kg 
at 0, 4, 8 weeks, and 6 
received placebo

 LA CAB, at plasma 
concentrations 
achievable with quarterly 
injections in humans, 
protected all six 
macaques from infection 

Radzio-Basu, Sci Transl Med 2015



 Three groups of rhesus macaques 
(n=8 per group) injected 
intramuscularly with LA CAB 
 Group 1: 50 mg/kg on week 0 and 4 
 Group 2: 50 mg/kg on week 0 
 Group 3: 25 mg/kg on week 0 and 

50 mg/kg on week 4 

 Challenged intravenously with 17 
animal ID50 SIVmac251 on week 2

 21/24 LA CAB treated macaques 
remained aviremic (88% protection)

Andrews, AIDS 2017

Group 1: 50 mg/kg on 
week 0 and 4, challenged  

at week 2



 6 macaques infected 
with SHIV received 
CAB-LA before 
seroconversion

 Integrase mutations 
G118R, E92G/Q, or 
G140R in plasma 
from 3/6 macaques 
as early as day 57 

 G118R and E92Q in 
viruses from vaginal 
and rectal fluids

Radzio-Basu, Nat Comm 2019



Radzio-Basu, Sci Transl Med 2015



Landovitz, PLoS Med 2018

 HPTN 077: double-blind, placebo-
controlled phase 2a trial

 Healthy individuals aged 18–65 
years at low HIV risk randomized 
(3:1) to receive CAB or placebo 
(PBO)

 In the initial oral phase, 
participants received 1 daily oral 
tablet (CAB or PBO) for 4 weeks

 Cohort 1: 3 injections of CAB LA 
800 mg or 0.9% saline as PBO IM 
every 12 weeks for 3 injection 
cycles

 Cohort 2: CAB LA 600 mg or PBO 
IM for 5 injection cycles; the first 
2 injections in Cohort 2 were 
separated by 4 weeks, the rest by 
8 weeks

Cohort 2 plasma CAB 
concentrations by sex at birth



Landovitz, PLoS Med 2018



 HPTN 077, 8 sites in Brazil, Malawi, 
South Africa, and the USA

 134 adults in CAB group
 CAB still detectable after final 

injection: 
 at 52–60 weeks, in 9 (23%) males vs. 

52 (63%) females  
 at week 76, 4 (13%) males vs. 27 (42%) 

females 
 Median time to undetectability of 

CAB was 43·7 weeks for males vs. 
67·3 weeks for females (p=0·0003)

 Apparent CAB half life was longer for 
females than males (FC 1·33; 
p=0·014), and longer for participants 
with a high BMI than those with a 
low BMI (1·31; p=0·015)

Landovitz, Lancet HIV 2021



 HPTN 077, 8 sites in Brazil, Malawi, 
South Africa, and the USA

 134 adults in CAB group
 CAB still detectable after final 

injection: 
 at 52–60 weeks, in 9 (23%) males vs. 

52 (63%) females  
 at week 76, 4 (13%) males vs. 27 (42%) 

females 
 Median time to undetectability of 

CAB was 43·7 weeks for males vs. 
67·3 weeks for females (p=0·0003)

 Apparent CAB half life was longer for 
females than males (FC 1·33; 
p=0·014), and longer for participants 
with a high BMI than those with a 
low BMI (1·31; p=0·015)

Landovitz, Lancet HIV 2021



 PK measurements from 133 participants 
in the HIV Prevention Trials Network 
(HPTN) 077 trial

 Between-occasion variability (BOV) 
identified as a significant covariate affecting 
the absorption rate (contribution of BOV to 
PK variability on the absorption rate ka of 
38.5%)

 Sex and body weight were identified as 
significant covariates influencing the 
absorption rate and apparent clearance of 
CAB-LA after intramuscular injection at 
various doses and frequencies 

 Male participants had 67% higher ka than 
female participants.

Yu, Brit J Clin Pharmacol 2022

Cohort 1 (800 mg IM q12 

weeks)

Cohort 2 (600 mg IM q8 

weeks)



Han, Antimicrob Agents Chemother 2024

 HIV-positive 
participants initiating 
injections with (n = 
278) or without (n = 
110) OLI in phase III 
treatment study FLAIR

 HIV-negative 
participants using OLI 
(n = 263) in pivotal 
pre-exposure 
prophylaxis studies 
HPTN 083 and HPTN 
084



Han, Antimicrob Agents Chemother 2024

 HIV-positive 
participants initiating 
injections with (n = 
278) or without (n = 
110) OLI in phase III 
treatment study FLAIR

 HIV-negative 
participants using OLI 
(n = 263) in pivotal 
pre-exposure 
prophylaxis studies 
HPTN 083 and HPTN 
084

Simulated cabotegravir concentration-time profiles 
when the first injection is given with a 1-day or 3-day 
gap after the final OLI dose or without OLI in a 
population (A) assigned male at birth, (B) 50% 
assigned female at birth, and (C) assigned female at 
birth. The first injection is administered at time 0. 



Han, Antimicrob Agents Chemother 2024

 HIV-positive 
participants initiating 
injections with (n = 
278) or without (n = 
110) OLI in phase III 
treatment study FLAIR

 HIV-negative 
participants using OLI 
(n = 263) in pivotal 
pre-exposure 
prophylaxis studies 
HPTN 083 and HPTN 
084



Marzinke, Antimicrob Agents Chemother 2024

 194 participants randomized 
to CAB-LA experienced at 
least one injection delay

 Plasma CAB concentrations 
were maintained above 4×
PA-IC90 for all loading dose 
and 98% of Q2M delays 
when  injections were 
administered up to 6 weeks 
late

 In population PK models, 
Q3M injections in females 
were predicted to yield 
higher steady-state 
exposures than in males on 
the approved Q2M regimen
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HPTN 083 and 084: Incident HIV Infections With 
Long-Acting Injectable Cabotegravir for PrEP

MSM/Transgender Women
(median follow-up: 1.4 years) 
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(n=2241)

Daily, Oral
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(n=2247)
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(3187
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Landovitz RJ, et al. N Engl J Med. 2021;385:595-608.
Delany-Moretlwe S, et al. HIVR4P Virtual, 2021. Abstract HY01.02.
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Fonner, AIDS 2023



Source Cases with DR

2024_CCO_ART Initiation After HIV Seroconversion on PrEP__6949_ART 

Class_CF Module #1

10/32 cases HPTN 083

0/4 HPTN 084

2023__CCO_2023CMOH_Downloadable_4 10/34 cases HPTN 083

Marzinke_AAC_2023_HPTN_083_extended_analysis.pdf /34 cases HPTN 083 (blinded plus one year unblinded)



 International, randomized, double-blind phase IIb/III study

‒ At interim analysis on May 14, 2020, with 25% of endpoints accrued, DSMB recommended termination of 
blinded study due to crossing of prespecified O’Brien-Fleming stopping bound

‒ Planned N = 5000, with ≥ 50% aged < 30 yrs; ≥ 10% TGW; ≥ 50% black participants in US

HIV-uninfected MSM and TGW 
aged ≥ 18 yrs at high risk of HIV 

infection*; no HBV/HCV 
infection, contraindication to 
gluteal injection, seizures, or 

gluteal tattoos/skin conditions
(N = 4566)

HPTN 083: Study Design

*Any noncondom receptive anal intercourse, > 5 partners, stimulant drug use, incident 
rectal or urethral STI or incident syphilis in past 6 mos; or SexPro Score ≤ 16 (US only). 
†First 2 doses given in Wks 5 and 9 then every 2 mos thereafter. 
‡PBO for CAB injection was a 20% intralipid solution.

Slide credit: clinicaloptions.com

CAB 30 mg PO QD + 
PBO PO QD
(n = 2282)

FTC/TDF PO QD +
PBO PO QD
(n = 2284)

CAB LA 600 mg IM Q2M† + 
PBO PO QD for ~ 3 yrs

FTC/TDF PO QD +
PBO IM Q2M†‡ for ~ 3 yrs

Wk 5
Step 1 Step 2

FTC/TDF PO QD 
for 1 yr

Step 3

Landovitz. AIDS 2020. Abstr OAXLB0101. NCT02720094.

 Primary endpoints: incident HIV infections, grade ≥ 2 clinical and laboratory events

http://www.clinicaloptions.com/


Landovitz, N Engl J Med 2021



HPTN 083: Baseline Characteristics

Landovitz. AIDS 2020. Abstr OAXLB0101. Slide credit: clinicaloptions.com

Characteristic
CAB 

(n = 2282)
FTC/TDF 

(n = 2284)
Total

(N = 4566)

Gender identity, n (%)
 MSM
 TGW

2014 (88.3)
265 (11.6)

1981 (86.7)
302 (13.2)

3995 (87.5)
567 (12.4) 

Median age, yrs (IQR) 26 (22-32) 26 (22-32) 26 (22-32)

Age, n (%)
 18-29 yrs
 30-39 yrs
 40-49 yrs
 50-59 yrs
 ≥ 60 yrs

1571 (68.8)
499 (21.9)
145 (6.4)
60 (2.6)
7 (0.3)

1508 (66.0)
550 (24.1)
170 (7.4)
50 (2.2)
6 (0.3)

3079 (67.4)
1049 (23)
315 (6.9)
110 (2.4)
13 (0.3)

Postsecondary education, 
n (%)

1762 (77.2) 1715 (75.1) 3477 (76.1)

Single, n (%) 1887 (82.7) 1863 (81.6) 3750 (82.1)

Race or Ethnicity, n (%)
CAB 

(n = 2282)
FTC/TDF 

(n = 2284)
Total

(N = 4566)

United States
 Black/African American
 White/Asian/Native/

other
 Latinx

849 (37.2)
411 (48.9)
438 (51.1)

149 (17.6)

849 (37.2)
433 (51.0)
416 (49.0)

154 (18.1)

844 (49.7)
854 (50.4)

303 (17.8)

Latin America
 Black/Afro-Caribbean
 Native
 White/Asian/Other
 Latinx

980 (42.9)
199 (20.3)
433 (44.2)
348 (35.5)
893 (91.1)

984 (43.2)
196 (19.9)
425 (43.2)
363 (36.8)
912 (92.7)

1964 (43.0)
395 (20.1)
858 (43.7)
711 (59.6)

1805 (91.9)

Asia
 Asian
 Other

375 (16.5)
374 (99.7)

1 (0.3)

377 (16.5)
375 (99.5)

2 (0.5)

752 (16.5)
749 (99.6)

3 (0.4)

Africa
 Black
 Other

78 (3.4)
62 (79.5)

2 (2.6)

74 (3.2)
57 (77.0)

3 (4.1)

152 (3.3)
119 (78.3)

5 (3.3)

http://www.clinicaloptions.com/


HPTN 083: HIV Incidence

 Pooled incidence: 0.81 per 100 PY 
(95% CI: 0.61-1.07)  
‒ 52 HIV infections in 6389 PYFU

 LA CAB met alternative hypothesis 
(HR: 0.75) and demonstrated statistically 
significant superiority vs FTC/TDF

Landovitz. AIDS 2020. Abstr OAXLB0101. Reproduced with permission. Slide credit: clinicaloptions.com
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HPTN 083: HIV Incidence

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. Reproduced with permission. 
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Group A: 
4 baseline infections

Group B:
5 seroconverted after 

prolonged hiatus since 
last CAB injection

Group C:
3 seroconverted during 
CAB oral lead-in period, 

all 3 were adherent based
on pill count

Group D: 
4 seroconverted despite 
on-time CAB injections 

and protective drug 
levels

E138K, Q148K (suppressed on boosted PI)

R263K (suppressed on boosted PI)

G140A, Q148R (suppressed on F/TDF/EFV)

VL too low

VL too low

L74I, E138E/K, G140G/S, Q148R (LTFU)

E138A, Q148R (regimen and VS not known)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. 
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Landovitz
N Engl J Med 2024

(quantifiable)
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Landovitz, Lancet HIV 2023

CAB LA tail phase was technically defined as >10 to <66.6 weeks after a cabotegravir injection, and for which post-
hoc pharmacological assessment suggested that the infection was likely to have been acquired while cabotegravir 

was quantifiable in plasma; this excludes participants re-exposed to injectable cabotegravir subsequent to infection



Marzinke, J Infect Dis 2021

bIn the TDF/FTC arm, breakthrough infections were defined as having plasma and dried blood spot drug concentrations consistent with good adherence to daily oral dosing at the time of the first HIV-positive visit and at key earlier visits. In the CAB arm, breakthrough infections 

were defined as having target drug concentration (>8 times the 90% inhibitory concentration) at the first HIV-positive visit.
cGroup B included participants who had no CAB injections or had their last injection ≥6 months before their first HIV-positive visit.
dThese 4 participants had expected drug concentrations at the first HIV-positive visit (D1–D4).
eThese 2 participants had drug concentrations consistent with good adherence to oral TDF/FTC (cases E16 and E34); exposure to HIV resistant to TDF/FTC may have contributed to infection in 1 case (E16).
fCase E16 only.



 4 participants acquired 
HIV despite mostly on-
time CAB-LA injections 
(group D) 

 2–7 injections before the 
first HIV-positive visit

 Median CAB 
concentration at that visit 
was 1.56 (1.48–1.71) 
µg/mL 

 ≥8× PA-IC90 at 83% and 
≥4× PA-IC90 at 95% of 
the evaluable visits 
before the first HIV-
positive visit

Marzinke, J Infect Dis 2023

D1

D2



Marzinke, J Infect Dis 2023

D3

D4

 4 participants acquired 
HIV despite mostly on-
time CAB-LA injections 
(group D) 

 2–7 injections before the 
first HIV-positive visit

 Median CAB 
concentration at that visit 
was 1.56 (1.48–1.71) 
µg/mL 

 ≥8× PA-IC90 at 83% and 
≥4× PA-IC90 at 95% of 
the evaluable visits 
before the first HIV-
positive visit



Marzinke, J Infect Dis 2023

 The half-lives of TFV 
and TFV-DP are 17 
hours and 17 days, 
respectively

 Plasma and dried blood 
spots provide detection 
windows of 1–2 weeks 
and 2–3 months after 
TDF/FTC cessation, 
respectively 

 Two of 39 participants 
with incident infection 
had TFV and TFV-DP 
concentrations 
consistent with daily 
TDF/FTC adherence

E16

E34



 Blinded phase of HPTN 083
 51 incident infections (12 in CAB arm and 39 in TDF/FTC arm)

Marzinke, J Infect Dis 2021
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Wk

HPTN 083: Laboratory Analysis of Group A in CAB Arm 
(HIV-Positive Test at Study Enrollment)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. Reproduced with permission. 

A1: Lost to Follow-up

Wk
Viral load (c/mL): 4010 < 40 78 < 40

GT at Wk 0: NRTI: K65R, M184V; NNRTI: L100I, K103N, P225H

A2: Suppressed on Boosted-PI Regimen

Viral load (c/mL): 50,080 20,760 700 1660

GT: 

204 4829

WT WT WT WT Wk 8.6: INSTI: E138K, 
Q148K

WkViral load (c/mL):    1360

GT: 

< 40 ND 1440 76,090

A3: Suppressed on EFV/FTC/TDF

WT WT WT

A4: Rapidly Initiated Boosted-PI Regimen With Suppression

Wk
Viral load (c/mL): 44,180

GT: 

< 40 < 40

WT

Time on ART
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Wk

HPTN 083: Laboratory Analysis of Group B in CAB Arm 
(No Recent CAB Exposure)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. Reproduced with permission. 

Wk
GT : NRTI: Y181C, H221Y

B2: Suppressed on NNRTI Regimens

Viral load (c/mL):

GT: 

53,220

WT

Wk

B3: Suppressed on EFV/FTC/TDF
Entered annual follow-up

Viral load (c/mL):

GT: 

50,440

WTMissed CAB injection
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HPTN 083: Laboratory Analysis of Group B in CAB Arm 
(No Recent CAB Exposure)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. Reproduced with permission. 

B4: Suppressed on BIC/FTC/TAF

Wk
Viral load (c/mL):

GT: 

770

WT

ND <40

WT

B5: Suppressed on BIC/FTC/TAF

Missed CAB injection

Viral load (c/mL):

GT: 

2559

WT
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Wk

HPTN 083: Laboratory Analysis of Group C in CAB Arm 
(Infected During CAB Oral Lead-in)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. Reproduced with permission. 

C1: Lost to Follow-Up

WkViral load (c/mL): ND 120 161 1373

GT: INSTI: L74I, 
Q148R

Viral load (c/mL):

GT: 
229,810

WT

Wk
Viral load (c/mL):

GT: 

ND <40 ND

C3

2174 2549
INSTI: L74I, 
Q148R, 
E138E/K, 
G140G/S

ND 218,776 375 ND

INSTI: E138A,Q48R
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Wk

HPTN 083: Laboratory Analysis of Group D in CAB Arm 
(Infected During On-Time CAB Injections)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. Reproduced with permission. 

D1: Suppressed on Boosted-PI Regimen

Wk
Viral load (c/mL): 130,163 87

D2

Viral load (c/mL): ND <40 <40

Wk
Viral load (c/mL):

GT: 
860 ND < 40

D3: Suppressed on Boosted-PI Regimen

NNRTI: K103N

D4: Suppressed on EFV/FTC/TDF

WkViral load (c/mL):

GT: 
< 40

<40 ND

ND

112 7160 5510
NNRTI: K103N
INSTI: R263K

158/263 152,730 < 40 < 40
INSTI: G140A,Q48R
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 HIV genotyping 
performed at the first 
viremic visit (>500 
cps/mL) and at 
subsequent visits 
before initiation of ART

 Phenotypic resistance 
testing was performed 
for participants in the 
CAB arm

 Genotyping results 
were obtained at the 
first viremic visit for

 Genotype obtained for 
13/16 cases in the CAB 
arm (1 failed analysis; 2 
had no viremic visits) 
and 40/42 in the 
TDF/FTC arm (2 had no 
viremic visit)

Marzinke, J Infect Dis 2021



Eshleman, J Infect Dis 2023



Eshleman, J Infect Dis 2023

aThe concentration of cabotegravir associated with protection against HIV infection (PAIC90) is 1.330 
µg/mL.



Cases with NNRTI resistance suggest 
infection by a drug-resistant strain, 

rather than de novo selection of 
resistance by PrEP drugs

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. 

http://www.clinicaloptions.com/


TDF/FTC RAMs in 2/3 with baseline
infection vs. 4/39 in incident infection 

(P = 0.048)

2/3 vs. 1/29 if cases with NNRTI RAMs 
(i.e. TDR) are excluded (P = 0.017)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. 

http://www.clinicaloptions.com/


TDF/FTC RAMs in 2/3 with baseline
infection vs. 4/39 in incident infection 

(P = 0.048)

2/3 vs. 1/29 if cases with NNRTI RAMs 
(i.e. TDR) are excluded (P = 0.017)

Slide credit: clinicaloptions.comMarzinke. CROI 2021. Abstr 153. 
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Landovitz, Lancet HIV 2023

Pharmacological and 
virological data for HIV 
infections in the oral 
tenofovir disoproxil 
fumarate plus 
emtricitabine group that 
were identified in the
extended analysis.

HIV genotyping results 
are shown for the first 
visit with a viral load 
greater than 500 copies 
per mL.



Slide credit: clinicaloptions.com

INSTI Resistance Occurring During PrEP With LA CAB

 In HPTN 083, INSTI resistance occurred in 10/18 cases within 6 mo of 
first HIV+ visit 

‒ INSTI resistance was not observed if first HIV+ visit >6 mo after LA CAB 
injection

‒ Most infections detected by retrospective sensitive HIV-1 RNA assay 
before INSTI resistance emerged

 HIV-1 RNA screening being considered in ongoing HPTN 083 and 
HPTN 084 studies

Eshleman. CROI 2023. Abstr 160.

http://www.clinicaloptions.com/


 Marzinke CROI 2021
 INSTI resistance 

 Observed upon viremic “escape” at higher CAB concentrations

 Not observed in 3 tail-phase infections or 1 tail “escape” case

 Therefore, prompt diagnosis and initiation of ART are important to avoid resistance 
with CAB LA

Landovitz, N Engl J Med 2021



 In HPTN 083, 4 incident infections were observed despite on-
time injections and expected cabotegravir concentrations in 
plasma

 The risk of PrEP failure may be influenced by 

 low plasma cabotegravir concentrations between initial injections

 low cabotegravir concentrations in rectal tissue

 rectal inflammation related to sexually transmitted infection

Landovitz, N Engl J Med 2021



Landovitz, Lancet HIV 2023

 One year after unblinding data from 3290 of the 4488 

participants who contributed person-time to the blinded 

analysis (of 4566 ITT participants)

 Updated HIV incidence per 100 PYFU in the blinded 

phase: 0.41 for LA CAB PrEP vs. 1.29 for daily oral 

TDF/FTC PrEP (HR 0.31 [0.17–0.58], p=0.0003) 

 HIV incidence per 100 PYFU in the first unblinded year: 

0.82 for LA CAB PrEP vs. 2.27 for daily oral PrEP (HR 

0.35 [0·18–0·69], p=0·002)



Landovitz, Lancet HIV 2023

 3 additional incident infections later found to have occurred within the blinded 
period (1 CAB, 2 TDF/FTC), updating incident infections during the blinded phase to 
13 and 41

 22 additional infections in the long-acting PrEP group included 2 with on-time 
injections; 3 with one or more delayed injections; 2 detected with long-acting PrEP 
reinitiation; and 11 more than 6 months after their last injection

 Infection within 6 months of cabotegravir exposure was associated with diagnostic 
delays and INSTI resistance

 6 cabotegravir infections identified to date that occurred despite on-time injections, 
including the two cases described in this report; major INSTI RAMs were identified 
in all six cases 

 LA PrEP correlates or thresholds of protection might be distinct for rectal, vaginal, 
penile, and parenteral exposures

 HIV infections that occurred more than 6 months after the last cabotegravir injection 
did not result in INSTI resistance and were usually detected without delay using 
standard testing algorithms



Landovitz, Lancet HIV 2023

 Almost all of the infections observed in the daily oral PrEP group of 
HPTN 083 occurred in participants with poor adherence or no 
evidence of drug dosing

 Because the active forms of tenofovir and emtricitabine have 
relatively short plasma half-lives, infections in people taking daily 
oral PrEP can usually be detected with little or no delay using 
routine testing algorithms, apart from in the window or eclipse 
phase of early acute HIV infection

 In fact, all detection delays in participants in the daily oral PrEP 
group of HPTN 083 were due to detection of the infection during 
the acute phase (ie, Fiebig Stage I14), which reflected frequent 
study visits



Landovitz, Lancet HIV 2023



Landovitz, Lancet HIV 2023



Landovitz, Lancet HIV 2023

 group A, infection 
present at study entry 

 group B, infections 
detected more than 6 
months after the last 
cabotegravir injection

 group C, infections 
detected during the oral 
lead-in phase 

 group D, infections in the 
setting of on-time 
injections 

 group DX, infections in 
the setting of at least one 
inter-injection delay of 10 
weeks or more but not 
meeting group B criteria 

 group BR, infections 
detected more than 6 
months after the last 
injection that were 
identified when long-
acting PrEP was 
restarted in the open-
label study



Landovitz, Lancet HIV 2023

 Study product 
adherence during the 
blinded phase, first 
unblinded year, and 
combined period

 Adherence to both 
study products 
decreased after study 
unblinding

 CAB coverage was 
defined by an initial 
injection providing 6 
weeks of anticipated 
protective coverage and 
subsequent injections 
providing 10 weeks of 
anticipated coverage 



Marzinke, Antimicrob Agents Chemother 2023



Marzinke, Glasgow 2022

 HIV infections in CAB arm in current 
analysis included 3 cases with INSTI 
mutations

 In FTC/TDF arm, 2 of 34 infections in 
current analysis not explained by 
adherence

Overall Summary Major INSTI RAMS in CAB Arm of HPTN 083 

Category of HIV Infection HIV Infections, n
INSTI RAMs, 

n (%)
INSTI RAMs

CAB initiated/reinitiated 
with occult HIV infection

4 (before drug 
administration)

1 (25)
E138E/K, 
Q148K/R

2 (≥6 mos after 
last CAB exposure, 

reinitiated CAB)
1 (50) Q148R

Acquired during oral 
lead-in

3 2 (66)
E138A/E/K, 
G140G/S, Q148R

Breakthrough infection 
with on-time injections

6 6 (100)
E138K, G140A, 
Q148R, N155H, 
R263K

Breakthrough infection 
with ≥1 injection delayed 
≥10 wk

3 0 (0) -

Infection 6+ mo from last 
injection

16 0 (0) -

Category of Infections in CAB Arm 
in Current Analysis, n

HIV Infections 
in CAB Arm

(n = 18)

≥6 mo after last CAB exposure 7

≥6 mo after last CAB exposure and 
>3 yr from enrollment

4

≥1 injection delayed by ≥10 wk 3

≥6 mos after last CAB exposure, 
reinitiated CAB

2

With on-time injections 2



Adapted from Eshleman, CROI 2023

Minimal or no 
symptoms

Very low viral load
Decreased/delayed 

antibody 

Long-acting early viral inhibition syndrome (LEVI)



Slide credit: clinicaloptions.com

HIV Monitoring on PrEP

 2021 CDC guidelines recommend HIV-1 RNA assays for monitoring people 
receiving both oral and LA injectable PrEP1

‒ Every 3 mo with oral PrEP; every 2 mo with LA CAB

 In HPTN 083, HIV detection with antigen/antibody testing was delayed compared 
with qualitative HIV-1 RNA testing for both arms2

1. cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2021.pdf. 2. Marzinke. CROI 2021. Abstr 153.
3. Marzinke. J Infect Dis. 2021;224:1581. 4. Delany-Moretlwe. Lancet. 2022;399:1779. 

Delays in Diagnosis, 
Median Days3,4 Baseline Infections Incident Infections

CAB 62 98

FTC/TDF 34 31

http://www.clinicaloptions.com/


 16 HIV-1 infection cases 
in CAB arm (4 baseline 
and 12 incident cases)

 42 HIV-1 infection cases 
in TDF/FTC arm (3 
baseline and 39 incident 
cases)

 HIV testing based on 
rapid test plus Ab/Ag 
combo at study site, 
Ab/Ag combo plus 
qualitative HIV-1 RNA at 
HPTN lab

Adapted from Marzinke, J Infect Dis 2021
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 11/16 CAB cases with 
delayed diagnosis
 4/4 with baseline infection, 

median VL 24095 cps/mL
 7/12 with incident 

infection, median VL 130 
cps/mL

 VL testing would have 
detected infection at first 
HIV-positive visit in 4/4 
baseline infections and 
5/7 incident infections 

Adapted from Marzinke, J Infect Dis 2021
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 10/42 TDF/FTC cases 
with delayed diagnosis
 3/3 with baseline infection, 

median VL 1930 cps/mL
 7/39 with incident 

infection, median VL 13230 
cps/mL

 VL testing would have 
detected infection at first 
HIV-positive visit in 3/3 
baseline infections and 
6/7 incident infections 

Adapted from Marzinke, J Infect Dis 2021

11

10

21

5

32

37

0 5 10 15 20 25 30 35 40

CAB

TDF/FTC

Combined

Number of cases

Failure to diagnose HIV at study site (≥1 visit)

Diagnosis not failed Diagnosis failed

Provision/administration of study drug after infection in 5/10 and 11/11 undiagnosed 

participants in TDF/FTC and CAB arm, respectively



Adapted from Marzinke, J Infect Dis 2021

Feature CAB arm TDF/FTC arm

Cases with delayed diagnosis*  4/4 with baseline infection

 7/12 with incident infection

 11/16 (69%) overall

 3/3 with baseline infection

 7/39 with incident infection

 10/42 (24%) overall

Median delay (days)  62 [28–72] for baseline cases

 98 [35–185] for incident cases

 34 [14–36] for baseline cases 

 31 [7–68] for incident cases

Median VL at first positive visit (cps/mL)  24095 (1360–50080) for baseline cases 

 130 (<40 to 860) for incident cases

 1930 (124–10000) for baseline cases

 13230 (<40 to 22 070) for incident cases

Infections which would have been detected by 

HIV-1 RNA testing at study site

 4/4 with baseline infection

 5/7 with incident infection

 3/3 with baseline infection

 6/7 with incident infection

Prolonged viral suppression  2/4 with baseline infection

 6/12 incident cases

 0/3 with baseline infection

 0/39 incident cases

*Defined as failure to detect infection at ≥1 study visits at study site



Adapted from Marzinke, J Infect Dis 2021

Feature CAB arm TDF/FTC arm

Cases with delayed diagnosis*  4/4 with baseline infection

 7/12 with incident infection

 11/16 (69%) overall

 3/3 with baseline infection

 7/39 with incident infection

 10/42 (24%) overall

Median delay (days)  62 [28–72] for baseline cases

 98 [35–185] for incident cases

 34 [14–36] for baseline cases 

 31 [7–68] for incident cases

Median VL at first positive visit (cps/mL)  24095 (1360–50080) for baseline cases 

 130 (<40 to 860) for incident cases

 1930 (124–10000) for baseline cases

 13230 (<40 to 22 070) for incident cases

Infections which would have been detected by 

HIV-1 RNA testing at study site

 4/4 with baseline infection

 5/7 with incident infection

 3/3 with baseline infection

 6/7 with incident infection

Prolonged viral suppression  2/4 with baseline infection

 6/12 incident cases

 0/3 with baseline infection

 0/39 incident cases

*Defined as failure to detect infection at ≥1 study visits at study site



Marzinke, J Infect Dis 2021

bOne case did not have a reactive Ag/Ab test after 41 days of follow-up. cExcludes 1 case with a 372-day visit window. dTwo cases did not achieve a positive confirmatory Ab test (longest pre-

ART follow-up, 98 days). eThree cases did not achieve a positive confirmatory Ab test (longest pre-ART follow-up, 333 days). fEight cases did not achieve a positive confirmatory Ab test 

(longest pre-ART follow-up, 14 days). gThis participant did not achieve a positive confirmatory Ab test after 333 days of follow-up.



Slide credit: clinicaloptions.com

AHI vs LEVI Syndrome With LA CAB PrEP

Eshleman. CROI 2023. Abstr 160.

Feature AHI LEVI

Cause Phase of natural HIV infection LA ARV for PrEP

Onset New infection
Infection during PrEP; initiation of PrEP 

during acute/early infection

Viral replication Explosive Smoldering

Symptoms
Fever, chills, rash, night sweats, muscle aches, 

sore throat, fatigue, swollen glands
Minimal, variable, often no symptoms reported

Detection
Ag/Ab, RNA (including point-of-care and pooled 

tests), DNA, and total nucleic acid assays
Ultrasensitive RNA assay (often low/undetectable HIV-1 
RNA and HIV-1 DNA, diminished/delayed Ab production)

Assay reversion Rare Common for many test types

Duration 1-2 wk (until Ab detection)
Mo (until viral breakthrough, drug clearance, or ART 

start); 
can persist mo after ARV is discontinued

Transmission Very likely Unlikely (except possibly via blood transfusion)

Drug resistance No (unless transmitted) Yes (can emerge early when HIV-1 RNA is low)

http://www.clinicaloptions.com/


Landovitz, N Engl J Med 2024



Landovitz
N Engl J Med 

2024



Slide credit: clinicaloptions.com

LEVI Syndrome: Background

 For HIV PrEP, LA CAB efficacy superior to oral FTC/TDF in HPTN 083 
(cisgender MSM and TGW) and HPTN 084 (cisgender women)1

 In HPTN 083, 6 cases of HIV infection occurred despite on-time LA CAB injections

‒ Rapid and Ag/Ab tests often fail to detect HIV infection due to viral suppression and 
delayed/diminished Ab expression that can persist for months after infection, even 
after injection discontinuation 

 Delayed detection of HIV infection may result in delayed ART start, ongoing 
HIV transmission, and emergence of INSTI resistance

 Current report describes case from HPTN 083 of patient who received LA CAB 
PrEP with LEVI syndrome2

‒ Report also examined retrospective lab testing and genotyping

1. www.hptn.org/research/studies. 2. Eshleman. CROI 2023. Abstr 160.

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com

LEVI Syndrome Patient Case: Detection of Infection

 Retrospective sensitive HIV-1 RNA testing detected HIV infection 3 mo earlier than study site

Eshleman. CROI 2023. Abstr 160. Reproduced with permission.

CAB concentration CAB Injection First site positive visit First HIV positive visit

Months between first HIV positive visit and the first site reactive HIV test#

PEP

C
A

B
 (

m
cg

/m
L)

20

1.33

0.664
0.166

BLQ
5 100 20 2515 35 4030 50 5545 60 70 7565

Wk Since Enrollment 

3 Mo

Retrospective Testing
Ag/Ab test nonreactive

Qualitative RNA reactive
HIV-1 RNA 6.1 c/mL

Study Site
Ag/Ab test reactive

HIV-1 RNA not detectable
(LLOQ: 20 c/mL)

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com

LEVI Syndrome Patient Case: Confirmation of Infection

 HIV infection not confirmed by study site until after 9 mo from first HIV+ visit

 Retrospective genotyping failed at first HIV+ visit (HIV-1 RNA 6.1 c/mL) and detected 
INSTI resistance at study site HIV+ visit (HIV-1 RNA 23 c/mL)

Eshleman. CROI 2023. Abstr 160. Reproduced with permission.

PEP

C
A

B
 (

m
cg

/m
L)

20

1.33

0.664
0.166

BLQ
5 100 20 2515 35 4030 50 5545 60 70 7565

9 Mo

CAB concentration CAB Injection First site positive visit First HIV positive visit

Months between first HIV positive visit and the first site reactive HIV test#

Retrospective Testing
Ag/Ab test nonreactive

Qualitative RNA reactive 
HIV-1 RNA 6.1 c/mL
Genotyping failed

Study Site
Discriminatory Ab positive
Qualitative RNA reactive

HIV-1 RNA 23 c/mL
N155H + S230R

Wk Since Enrollment 

http://www.clinicaloptions.com/
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LEVI Syndrome Patient Case: Assay Reversion

Eshleman. CROI 2023. Abstr 160. Reproduced with permission.

Days since 
1st HIV+ visit

Rapid 
test

Ag/Ab 
test

Qualitative RNA 
test, LLOD 30 c/mL

Confirmatory 
Ab test

HIV-1 RNA (c/mL) 
LLOD 40 c/mL or single copy

HIV-1 DNA (c/mL)
LLOD 4.09 c/106 cells

0 NR NR R 6.1

42 NR NR NR

55 NR NR R ND

98 NR NR NR

105 R R NR NEG Detect <LLOD

112 NR R NR NEG

119 NR NR NR

132 NR R NR INDET ND

195 R NR NR Detect <LLOD

235 NR R NR INDET

280 NR R R NEG <40 Detect 5.8

333 R R R INDET <40

11 
mos

http://www.clinicaloptions.com/
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HPTN 083: HIV-1 RNA Screening in Cisgender Men and 
Transgender Women Receiving LA CAB for PrEP

 In original HPTN083 PrEP study, in both LA CAB and FTC/TDF arms, HIV detection 
with antigen/antibody testing was delayed vs with qualitative HIV-1 RNA testing2-3

 Based on these results, 2021 CDC guidelines recommend HIV-1 RNA assays to 
monitor people on oral or LA injectable PrEP4

 Current analysis of OLE participants (LA CAB only) through November 30, 2023, 
calculated positive predictive value and false positive rates of isolated positive 
RNA results and assessed screening sensitivity1

Delays in Diagnosis, Median Days3 Baseline Infections Incident Infections

LA CAB for PrEP 62 98

Oral FTC/TDF for PrEP 34 31

1. Landovitz. AIDS 2024. Abstr OAE0406LB. 2. Marzinke. CROI 2021. Abstr 153. 3. Marzinke. J Infect Dis. 2021;224:1581. 
4. cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2021.pdf. 

http://www.clinicaloptions.com/
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HPTN 083: HIV-1 RNA Testing Results

 Out of 26,528 HIV-1 RNA tests, 
22 were false positives

‒ Of these, 7 resulted in subsequent 
LA CAB administration delays

 A single, isolated positive HIV-1 RNA 
test result was uncommon, but when 
it occurred, was frequently a false 
positive



 HIV-1 RNA assay performed better in 
those who had not received LA CAB in 
the past 6 mo

Patient Group PPV, %
(95% CI)

FPR, %
(95% CI)

Overall 18.5
(7.0-38.7)

0.08
(0.05-0.13)

No LA CAB 
in last 6 mo

60
(17-92.7)

0.06
(0.01-0.25)

LA CAB 
in last 6 mo

9.1
(1.6-30.6)

0.09
(0.05-0.14)

Results From Isolated Positive HIV-1 RNA Tests

Landovitz. AIDS 2024. Abstr OAE0406LB. 

 Repeat HIV-1 RNA testing can clarify whether the initial positive result is indeed an 
HIV infection​

http://www.clinicaloptions.com/
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Landovitz, IAC 2024



Visits with an RNA screening test at sites

2 2942

20 22 5 24

73 (One or more reactive/positive HIV test result)

26,528

PPV: 100%

FPR: 0%

NPV: 100%

PPV: 0%

#1

Negative Non-
RNA HIV test

#1

False positive isolated RNA True positive isolated RNA 

22

2nd consecutive 

RNA test at site

#2

Negative Non-
RNA HIV test 5

2nd consecutive 

RNA test at site

#2
or

ADJUDICATED 

NEGATIVE

ADJUDICATED 

POSITIVE
ADJUDICATION STATUS 

NOT DETERMINED

POSITIVE HIV

RNA TEST

NEGATIVE HIV 

RNA TEST

NEGATIVE NON-RNA

HIV TEST

or or

NO CAB-LA W/ IN

THE LAST 6 MONTHS

CAB-LA W/ IN

THE LAST 6 MONTHS

POSITIVE NON-RNA

HIV TEST

 Single isolated positive HIV RNA result at sites 
performed poorly for detecting HIV infection with 
CAB-LA PrEP

 Repeat RNA testing was able to discriminate true 
from false positive cases

Landovitz, IAC 2024



HIV viral load at 
isolated RNA-positive visits

False Positive (n=22) True Positive (n=5)
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Landovitz, IAC 2024



Fogel, AIDS Res Hum Retroviruses 2025

 HIV DNA quantification by 
dPCR in samples from 7 
CAB and 14 TDF/FTC 
infections in HPTN 083 
and 084

 4/7 CAB cases had a low 
initial DNA result and in 
2/4 cases, the DNA level 
was still <10 copies/million 
PBMCs >40 weeks after 
the first HIV-positive visit 

 Only 3/14 of the TDF/FTC 
cases had a low or 
negative initial DNA test 
result

 CAB-LA exposure may 
limit seeding of the HIV 
reservoir in early infection



Fogel, AIDS Res Hum Retroviruses 2025

 HIV DNA quantification by 
dPCR in samples from 7 
CAB and 14 TDF/FTC 
infections in HPTN 083 
and 084

 4/7 CAB cases had a low 
initial DNA result and in 
2/4 cases, the DNA level 
was still <10 copies/million 
PBMCs >40 weeks after 
the first HIV-positive visit 

 Only 3/14 of the TDF/FTC 
cases had a low or 
negative initial DNA test 
result

 CAB-LA exposure may 
limit seeding of the HIV 
reservoir in early infection



Fogel, AIDS Res Hum Retroviruses 2025



HPTN 084: HIV Incidence

 89% lower risk of HIV infection with CAB vs FTC/TDF (P = .000027)

‒ Met criteria for superiority of CAB in HIV prevention

 Among 4 incident HIV infections in CAB arm, 2 occurred despite 
CAB injections

Slide credit: clinicaloptions.comDelany-Moretlwe. HIVR4P 2021. Abstr HY01.02.

Characteristic
CAB

(n = 1614)
FTC/TDF

(n = 1610)
Pooled

(n = 3224)

HIV infections, n 4 36 40

PYFU 1953 1939 3892

HIV incidence per 100 PY (95% CI) 0.2 (0.06-0.52) 1.86 (1.30-2.57) 1.03 (0.73-1.4)

http://www.clinicaloptions.com/


Delany-Moretlwe, Lancet 2022

Four HIV infections were observed in the cabotegravir group (HIV incidence 0·20 per 100 person-years [95% CI 0·06–0·52]) and 36 in 

the TDF-FTC group (1·85 per 100 person-years [1·3–2·57]). Participants in the cabotegravir group had an 88% lower risk of HIV 

infection than those in the TDF-FTC group (hazard ratio 0·12 [0·05–0·31]; p<0·0001). 



Delany-Moretlwe, Lancet 2022

Group A includes infections that occurred before enrolment; group B includes infections that occurred with no recent exposure to cabotegravir; and 

group D includes infections that occurred in participants with appropriately timed cabotegravir injections. Participant DX acquired the infection during the 

step 2 injection phase but is called DX because three of nine injections were delayed.



HPTN 084: Incident HIV Infections With Cabotegravir 

Slide credit: clinicaloptions.com

Step 1: Oral CAB lead-in

Step 2: CAB LA 600 mg IM

Step 2: CAB LA injection > 2 wks overdue

Step 3: Open-label FTC/TDF

Step 3: Overdue FTC/TDF dispensation

Annual follow-up

% Percent adherence to oral lead-in

CAB LA 600 mg IM 

Open-label FTC/TDF dispensed

First site positive HIV test

Wk 80Wk 0 Wk 10 Wk 20 Wk 30 Wk 40 Wk 50 Wk 60 Wk 70

Infection in the absence 
of CAB LA injection

B1

B2

D1

D2

100%

100%

100%

?%

10.9

5.1 52.2

5.4 5.7 4.3 8.6 6 15.1 4.9 8.3 16.1

7.73.8 7.7 8.54.6

Delany-Moretlwe. HIVR4P 2021. Abstr HY01.02.

http://www.clinicaloptions.com/
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HPTN 084 Update: Study Design

 International, randomized, double-blind phase III trial1,2

 Primary endpoints (blinded study): incident HIV infections (ITT), grade ≥2 AEs1

 Current analysis: incident HIV infections during 12-mo period following unblinding (11/5/2020 -
11/5/2021, detected through 12/31/2021); grade ≥2 AEs, ISRs, pregnancy incidence/outcomes during 
12-mo unblinded phase; cumulative HIV incidence for primary blinded and 12-mo unblinded follow-up2

1. Delany-Moretlwe. Lancet. 2022;399:1779. 2. Delany-Moretlwe. AIDS 2022. Abstr OALBX0107.

CAB 30 mg PO daily + 
PBO PO daily

(n = 1614)

PBO PO daily + 
TDF/FTC PO daily

(n = 1610)

Sexually active 
cisgender women 

aged 18-45 yr 
without HIV and at 

high risk of HIV 
infection

(N = 3224)

LA CAB 600 mg IM at Wk 5, 9 and 
Q8W thereafter +

PBO PO daily 

PBO IM at Wk 5, 9 and 
Q8W thereafter + 
TDF/FTC PO daily 

Wk 5
Oral Lead-in Blinded Phase

LA CAB 600 mg IM Q8W

TDF/FTC PO daily

Unblinded Phase

Protocol 
amendment

http://www.clinicaloptions.com/
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HPTN 084 Update: HIV Incidence

1. Delany-Moretlwe. Lancet. 2022;399:1779. 2. Delany-Moretlwe. AIDS 2022. Abstr OALBX0107. Reproduced with permission.
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Combined Blinded and Unblinded Period 
Through Dec 20212

CAB
(n = 1613*) 

TDF/FTC
(n = 1610) 

HR: 0.11 (95% CI: 0.05-0.24)

*Excludes 1 baseline infection from the blinded period.

Primary Blinded Period 
Through Nov 20201

http://www.clinicaloptions.com/
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HPTN 084 Update: Cumulative HIV Infections 

1. Delany-Moretlwe. Lancet. 2022;399:1779. 2. Delany-Moretlwe. AIDS 2022. Abstr OALBX0107. Reproduced with permission.

3 additional 
infections 

during 
unblinded 

phase—none 
with on-time 

CAB injections

Step 1: Oral CAB lead-in
Step 2: CAB LA 600 mg IM
Step 2: CAB LA injection >2 wk overdue
Step 3: Open-label TDF/FTC
Step 3: Overdue TDF/FTC dispensation
Annual follow-up

Percent adherence to oral lead-in
CAB LA 600 mg IM
Open-label TDF/FTC dispensed
First HIV positive visit
First site positive visit

%

A     Before enrollment (ie, baseline)
B     No recent CAB exposure
C     Before injections (ie, oral lead-in)
D     On-time CAB injections

A1

B1

B2

B3

B4

C1

DX 100%

0%

0%

?%

100%

100%

?%
4.6 3.8 7.7 7.78.5
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http://www.clinicaloptions.com/
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 Site-based Ag/Ab testing not detected at first 
visit, but 28 days later when CAB was held

 Infection confirmed 4.5 mo later

HPTN 084 Update: C1 Case

 Infection occurred prior to injections during oral lead-in 

‒ CAB not quantifiable during oral lead-in

 First CAB injection given at first HIV-positive visit

Delany-Moretlwe. AIDS 2022. Abstr OALBX0107. Reproduced with permission.

First HIV-
Positive Visit

First Site-
Positive Visit

8020 1328 Indeterminate

28 daysLA CAB 
injection

134 days (4.5 mo)

-
+
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+
-

-
+

-
-

-
-

-
-

Oral CAB lead-in

C
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B
 (

µ
g/

m
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Ag/Ab test
Qualitative RNA test
Confirmatory Ab test

HIV-1 RNA

+
-
+

Wk Since Enrollment

20

1.35

0.664

0.166
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0 5 10 15 20 25

http://www.clinicaloptions.com/


Eshleman, J Infect Dis 2022

aResults from human immunodeficiency virus (HIV) genotyping for cases in the tenofovir disoproxil fumarate/FTC arm with ≥1 major DRM noted in the 2019 IAS drug resistance mutations update [8]. HIV 

genotyping was performed at the first study visit with a viral load >500 copies/mL; this was the first HIV-positive visit for 8 of the 9 cases (in case E32, the first sample with a viral load >500 copies/mL was collected 

33 days after the first HIV-positive visit). All 9 cases had subtype C infection. Major protease inhibitor mutations were not detected. Major DRMs associated with resistance to integrase strand transfer inhibitors 

were not detected. Bold text indicates major DRMs and italics, drugs that affect susceptibility to study drugs (M184V only); underlined mutations are recommended for surveillance of transmitted drug resistance 

[12].

bDrugs noted as having reduced susceptibility (resistant) on reports from Monogram Biosciences; those in parentheses are noted as having partial susceptibility (resistance possible). HIV genotyping results were 

obtained at follow-up visits for cases E7 and E33 (7 and 39 days laterrespectively); no change in mutations was detected in these cases. Three additional cases that had no drug resistance at the first viremic visit 

had genotyping results at follow-up visits (cases E23, E26, and E35; 16–57 days later); no change in mutations was detected in these case. 



 We did not identify any cases with INSTI resistance in HPTN 084. The high 
frequency of transmitted NNRTI drug resistance observed in this cohort is 
concerning and emphasizes the importance of drug resistance testing and use of 
protease inhibitor– or INSTI-based treatment regimens where appropriate. 
Emergence of NRTI resistance in participants in the TDF/FTC arms of both trials 
was rare, most likely because most participants who acquired HIV infection in 
the TDF/FTC arms had poor adherence to the TDF/FTC regimen. 

 Data from HPTN 084 and HPTN 083 show that these delays were more frequent 
and longer in persons receiving CAB than in those receiving TDF/FTC. These 
delays resulted in drug administration to persons with undetected HIV infection 
in almost all cases; INSTI resistance emerged in some of these cases.

Eshleman, J Infect Dis 2022



 See 
Eshleman_JID_2022_HIV_infections_in_HPTN084_CAB_PREP_
supplementary

 Indicates viral breakthrough with VL typical of acute infection, 
i.e. the drugs do not work at all? Is it due to resistant strains?

Eshleman, J Infect Dis 2022



Slide credit: clinicaloptions.com

LA CAB PrEP in Primary Care Clinics: Late Injections

Heise. HIVR4P 2024. Abstr OA0503.

 85% of injections (n = 507) were on time

 Mental health diagnosis associated with late injections; other factors were not

Adjusted OR of Late Injections*
*OR was adjusted for age, gender, race.

Age

Unstable Housing

Substance Use

Mental Health Diagnosis

Switch From Oral PrEP vs No Prior PrEP

Prior Use, Not Current vs No Prior PrEP

1.93, P = .04

0.5 1.0 1.5 2.0

http://www.clinicaloptions.com/


Slide credit: clinicaloptions.com

LA CAB PrEP in Primary Care Clinics: Discontinuations

 Ward 86 saw lowest discontinuation rate 
(aHR: 0.18; 95% CI: 0.03-0.95; P = .043)

 No discontinuation difference among 
stable vs unstable housing groups 
(aHR: 1.06; 95% CI: 0.33-3.36; P = .924)

 Of 19 patients who discontinued LA CAB: 

‒ 4 transitioned to oral PrEP

‒ 15 did not restart any PrEP

 No seroconversions

‒ 3 false-positive viral loads
(<30 copies/mL detected)

Heise. HIVR4P 2024. Abstr OA0503.

Reason for Discontinuation, n Patient Population (N = 111)

Low self-perceived risk 6

Adverse events 4

Lost to follow-up 6

*OR was adjusted for age, 
gender, race. Adjusted OR of Discontinuations*

Age

Unstable Housing

Substance Use

Mental Health 
Diagnosis

Switch From Oral PrEP 
vs No Prior PrEP

Prior Use, Not Current 
vs No Prior PrEP

0.5 1.0 2.0

2.23; P = .017

5.36; P = .019

4.66; P = .036

http://www.clinicaloptions.com/
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OPERA: HIV Testing Outcomes

Mills. IDWeek 2024. Abstr 508.

Testing Within 1 Wk of Injection, n (%) LA CAB PrEP

First LA CAB injection (n = 764)
 No test
 Any test
 HIV-1 RNA test

264 (35)
500 (65)
127 (17)

Subsequent LA CAB injection (n = 646)
 Always
 ≥50% of injections
 <50% of injections
 Never
 HIV-1 RNA test

320 (50)
165 (26)
92 (14)
69 (11)

187 (29)

http://www.clinicaloptions.com/
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OPERA: HIV Seroconversions

 2 HIV seroconversions (0.3%) among 764 participants receiving LA CAB PrEP

Mills. IDWeek 2024. Abstr 508.

 Case 1: FTC/TAF for 70 days, 
then received 3 LA CAB 
injections (Day 0, 32, and 92)

‒ No HIV testing at time of LA 
CAB initiation  

‒ Day 92: HIV Ab/Ag positive; 
HIV-1 RNA <20 c/mL; 
no genotyping performed

 Case 2: FTC/TAF for 65 days, then received 
4 LA CAB injections (Days 0, 93, 212, and 
272)

‒ Tested and remained HIV negative over 
course of LA CAB PrEP

‒ No PrEP for 130 d after LA CAB, then 
restarted on FTC/TAF after negative HIV 
Ag/Ab test

‒ HIV-1 RNA >100,000 c/mL after 9 days of 
FTC/TAF; retained susceptibility to all ARVs

http://www.clinicaloptions.com/
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Ramgopal, IDWeek 2024

 TRIO cohort: 12 geographically distributed health clinics in US

 Median follow-up: 7 mo (IQR: 3-14 mo) 
 85 (18%) met discontinuation criteria

 Median time to discontinuation: 7 mo
 Reinitiated LA CAB within 6 mo: 13/85 (15%) 

 Median time to reinitiation: 41 days

People without HIV; weighing 
≥35 kg; LA CAB prescription with 
injection data; never participated 

in clinical trial for LA CAB;
(N = 800) 

LA CAB IM at Day 0, 30, and 90, 
then any additional injections 

over the next 60 days;
≥1 injection total

(n = 526)

Follow-up: 
2 yr analysis 

Optional CAB
PO 4 weeks 
prior to first 

injection



Ramgopal, IDWeek 2024

 Of 16% with delayed 2nd 
injection:
 Median delay = 22 days  

 Of 33% with delayed 3rd or 
later injection:
 Median number of delayed 

injections = 1

 Median delay = 12 days 
 Of 3% with ≥3 missed 

injections
 Median number of missed 

injections = 1
n/N = 398/

474 20
258/
396

76/
474

131/
396

0

20

40
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84
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16
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65

33

3

Injection Timing Among Those 
With ≥2 LA CAB Injections

10/396

All injections on time
≥1 delayed injection
≥1 missed injection

≥3 Injections
After 2nd Injection

≥2 Injections



Ramgopal, IDWeek 2024

 No HIV seroconversion episodes, but frequency of testing was 
inconsistent

 CDC guidelines recommend both HIV Ag/Ab and HIV RNA screening before 
each injection
 Only 34% had both HIV Ag/Ab and HIV RNA testing

HIV Test 
Frequency, %
(N = 526)

HIV Ag/Ab, 
n (%)

HIV RNA,
n (%)

Both HIV Ag/Ab 
and HIV RNA, 

n (%)

Either HIV Ab/Ag 
or HIV RNA,

n (%)

No HIV Test, 
n (%) 

100 292 (56) 199 (38) 177 (34) 333 (63) 8 (2)

75-99 84 (16) 66 (13) 63 (12) 89 (17) 0

50-74 68 (13) 89 (17) 72 (14) 68 (13) 8 (2)

<50 82 (16) 172 (33) 214 (41) 36 (7) 510 (97)



Koss, Open Forum Infect Dis 2024

SeroPrEP registry and 

biobank of individuals 

who acquire HIV on 

PrEP in the US

8% sequences with Q148R
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Koss, Open Forum Infect Dis 2024

 This case highlights several challenges with CAB-LA 
implementation in routine clinical settings that differ from trials.
 After 7 months of CAB-LA use, the participant lost health insurance and 

had a lapse in injections for 6 months. After reestablishing care, as noted 
above, CAB-LA had to be ordered and obtained in clinic and the patient had 
to return to the clinic, contributing to a gap of 20 days between initial HIV 
RNA testing and the first CAB-LA injection. 

 Because this patient did not wish to take oral pills, this period was not 
covered by oral PrEP.

 HIV RNA testing was not repeated within 7 days of restart, and fidelity to 
HIV testing guidelines may pose challenges in terms of logistics and costs. 



Parikh, HIVR4P 2024

Characteristic Case A Case B Case C

Age, yr 40 31 67

Gender identification Cisgender male Cisgender male Cisgender male

BMI, kg/m² 24 31 35.5

Sexual partners Multiple Multiple Multiple

Previously on oral PrEP* Yes Yes Yes

HIV-1 RNA at LA CAB initiation Undetectable Undetectable Undetectable

History of injection drug use Denies Denies Denies

LA CAB injections prior to HIV diagnosis, n 5 6 13

LA CAB injections received late or missed, n 0 0 0

*Cases A and B switched directly from oral TDF/FTC to LA CAB; Case C switched from oral TAF/FTC to oral CAB lead-in to LA CAB.



Parikh, HIVR4P 2024

Characteristic Case A Case B Case C

Age, yr / Gender 40 / CGM 31 / CGM 67 / CGM

HIV-1 RNA at LA CAB initiation Undetectable Undetectable Undetectable

LA CAB injections prior to HIV diagnosis, n 5 6 13

LA CAB injections received late or missed, n 0 0 0

HIV RNA at diagnosis, copies/mL 4880 3940 2.43 million

Ag/Ab at HIV diagnosis POC test neg POC test neg Lab test reactive

[CAB] PA-IC90 multiple (sample type) ~4x (random) ~16x (random) ~6x (trough)

Days after last injection 42 21 55

INSTI RAMs, Sanger None None None 

INSTI RAMs, SGS (%) Unavailable E138K (1/56), N155K (1/43) Q148R (10/33)



Parikh, HIVR4P 2024

Variable Case A Case B Case C

HIV RNA at diagnosis, copies/mL 4880 3940 2.43 million

Ag/Ab at HIV diagnosis POC test neg POC test neg Lab test reactive

[CAB], μg/mL 0.69 2.6 1.05

PA-IC90 multiple* ~4x ~16x ~6x

Days after last injection 42 21 55

Sample type Random Random Trough

*LA CAB PrEP dosage Q8W targeted to achieve >4x PA-IC90 (0.664 μg/mL) in 80% of individuals and >8x PA-IC90 (1.33 μg/mL) in 50% of individuals.



Parikh, HIVR4P 2024

Assessment Method Case A Case B Case C

Sanger genotyping

 Sample collection, days post diagnosis 7 13 6 

 INSTI mutations detected None None None

Single-genome sequencing

 Sample collection, days post diagnosis Unavailable 7 10

 Signature INSTI mutations detected, 
n/N sequences

Unavailable E138K (1/56) Q148R (10/33)

 Accessory INSTI mutations detected, 
n/N sequences

Unavailable N155K (1/43) None



Parikh, HIVR4P 2024

 In case C, ART switch 
based on commercial 
genotype, with no 
known INSTI resistance 
at the time
 Presence of INSTI 

mutation Q148Q/R at 10 
days post diagnosis in case 
C was not known until 
after ART switch was 
performed

Time Post ART 
Initiation

ART Regimen
HIV RNA, c/mL

Case A Case B

1 mo DRV/COBI/FTC/TAF 3* <20

5-6 mo DRV/COBI/FTC/TAF
Not 

detected
51*

10 mo DRV/COBI/FTC/TAF
Not

done
Not 

detected

Case C

12 days DRV/COBI/FTC/TAF 248,103

26 days† BIC/FTC/TAF Not done

2 mo BIC/FTC/TAF 22

4 mo BIC/FTC/TAF 26

6 mo BIC/FTC/TAF 4*
*Detected via single-copy RNA assay. †Switched owing to drug interactions and intolerance.



Parikh, HIVR4P 2024

 Among the 3 cases who acquired HIV infection while on LA 
CAB PrEP

 No INSTI mutations detected by Sanger sequencing

 2 had signature INSTI mutations, as detected by more sensitive assays

 All 3 achieved viral suppression on ART through ≥5 mo of 
follow-up

 2 started and maintained guideline-recommended DRV-based ART

 1 started on DRV-based ART but switched to BIC-based ART
owing to drug–drug interactions and intolerance



Pastor, Glasgow 2024

Outcomes

RAMs and virologic outcomes of HIV incident cases among PrEP users
June 2018–
June 2024

Although PrEP is highly effective, infrequent HIV acquisition can 
occur. Major INSTI RAMs occurred in 2/2 (100%) 

individuals on Q2M IM CAB and NRTI RAMs in 1/4 (25%) 
individuals on F/TDF with incident HIV

Individuals who started PrEP 
at a sexual health clinic

N=517

aDue to missed doses and intolerance
N/A, not available; Q2M, every 2 months; TGW, transgender women
Pastor I, et al. HIV Glasgow 2024, Poster 026

Characteristic N=517

Age, years, median (IQR) 31 (27, 37)

Gender, n (%)
Cisgender MSM
TGW

512 (99)
5 (1)

ART used for PrEP, n (%)
F/TDF
Q2M IM CAB

391 (76)
126 (24)

PrEP days, median (IQR) 545 (318, 967)

Baseline Characteristics of Individuals Starting PrEP Adherence and RAMs in HIV Incident Cases Among Individuals Receiving PrEP

ART for PrEP n/N (%) Adherence Major RAMs

Q2M IM CAB
2/126 
(1.6%)

Good in 2/2
In 2/2 

(INSTI in 2; NNRTI in 1)

F/TDF
4/391 
(1.0%)

Irregulara in 3/4
Good in 1/4

In 1/4 (NRTI)



External Use - Do Not Distribute

‡

HIV Incidence and Resistance Among Individuals on PrEP

313

Retrospective observational study (Argentina)
HIV Prevention

Outcomes

RAMs and virologic outcomes of HIV incident cases among PrEP users
June 2018–

June 2024

Although PrEP is highly effective, infrequent HIV acquisition can occur. Major INSTI RAMs occurred in 2/2 (100%) 

individuals on Q2M IM CAB and NRTI RAMs in 1/4 (25%) individuals on F/TDF with incident HIV

Individuals who started PrEP 
at a sexual health clinic

N=517

aDue to missed doses and intolerance

N/A, not available; Q2M, every 2 months; TGW, transgender women
Pastor I, et al. HIV Glasgow 2024, Poster 026

Characteristic N=517

Age, years, median (IQR) 31 (27, 37)

Gender, n (%)

Cisgender MSM

TGW

512 (99)

5 (1)

ART used for PrEP, n (%)

F/TDF

Q2M IM CAB

391 (76)

126 (24)

PrEP days, median (IQR) 545 (318, 967)

Baseline Characteristics 
of Individuals Starting PrEP

Adherence and RAMs in HIV Incident Cases 
Among Individuals Receiving PrEP

ART for PrEP n/N (%) Adherence Major RAMs

Q2M IM CAB
2/126 

(1.6%)
Good in 2/2

In 2/2 

(INSTI in 2; NNRTI in 1)

F/TDF
4/391 

(1.0%)

Irregulara in 3/4

Good in 1/4
In 1/4 (NRTI)
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Ahluwalia, AIDS 2022

N DRM patterns
Predicted cabotegravir 

resistance
Predicted dolutegravir 

resistance

1 E138K, Q148K High Intermediate

2 L74I, E138E/K, G140G/S, Q148R High High

3 E138A, Q148R High Intermediate

4 R263K Intermediate Intermediate

5 G140A, Q148R High Intermediate

6 N155H, R263K, Q148R High Intermediate

7 N155H, S230R Intermediate Intermediate



 Primary HIV Infection

 In case of PHI in the context of LA CAB PrEP, a DRV/b regimen should 
be immediately started until resistance test is available 



 For those with a history of CAB-LA use as PrEP, genotype testing 
before starting ART should include screening for INSTI resistance 
mutations […] regardless of the time since drug discontinuation 
(AIII).

 A regimen of COBI or RTV-boosted DRV with (TAF or TDF) plus (FTC or 3TC) 
is recommended while awaiting the results of the genotype testing (AIII).

 Use of an empiric INSTI-containing regimen is not recommended unless 
genotype testing shows no evidence of INSTI resistance (AIII). This is 
because INSTI resistance may be present in those who acquire HIV during 
and possibly after the use of CAB-LA as PrEP.



 In an extended analysis of HPTN 083, 34 cases of HIV infection 
were reported in the CAB-LA arm […]. Major resistance to an INSTI 
occurred in 10 of the 32 cases evaluated. All 10 participants with 
INSTI resistance in the CAB-LA arm received their last CAB dose 
within 6 months of their initial HIV-positive site visit. While the risk 
of acquired INSTI resistance appears to wane after 6 months, this 
trend is based on few observations. These data reinforce the 
importance of screening for INSTI-resistance mutations when acute 
HIV infection is diagnosed in people taking CAB-LA or with a history 
of prior CAB-LA PrEP use (AIII).
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Recommended Initial ART When 
HIV Acquired While Taking PrEP

FTC/TDF or FTC/TAF PrEP

 BIC/FTC/TAF or

 DTG + XTC/TXF

Cabotegravir PrEP

 (DRV/RTV or DRV/COBI) + XTC/TXF 

Adjust regimen once results of HIV genotype return

clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv/whats-new-guidelines.
Gandhi. JAMA. 2023;329:63.

http://www.clinicaloptions.com/
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Genotypic Testing and 
Starting Treatment

Transitioning From LA PrEP to HIV Treatment Regimen

General 
Management 

Confirm HIV status, CD4 count, and 
plasma HIV-1 RNA  

Connect with experienced HIV provider

 Counsel about HIV status, steps to 
prevent HIV transmission, how to 
improve their own health

‒ Assist with identification of sex 
partners who may have been 
recently exposed to HIV so partners 
can be tested and offered PEP

 Document genotypic HIV viral 
resistance test results to guide therapy

‒ INSTI genotyping should be done prior 
to use of INSTI-based regimen

 Convert PrEP regimen to guideline-
recommended HIV treatment regimen 
without waiting for test results

‒ If treating before genotype results are 
available or INSTI resistance is present, 
use boosted PI regimen containing 
DRV and XTC/TXF

http://www.clinicaloptions.com/
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EACS HIV Guideline Update (November 2024)

aFor an exhaustive list, please refer to EACS guidelines.2 bPrevious guidelines stated available via compassionate release program pending EMA approval3

EACS, European AIDS Clinical Society; L-AMB, liposomal amphotericin B; MASLD, metabolic dysfunction-associated steatotic liver disease; PEP, postexposure prophylaxis;

Q2M, every 2 months; Q3M, every 3 months
1. Levi L. HIV Glasgow 2024, Invited talk. 2. EACS guidelines, Version 12.1, November 2024. https://eacs.sanfordguide.com/ (accessed November 14, 2024). 3. EACS guidelines, Version 12.0, October 

2023. https://www.eacsociety.org/media/guidelines-12.0.pdf (accessed November 14, 2024)

Opportunistic Infections

• Treatment options in cryptococcal meningitis: Amphotericin B deoxycholate-

based regimen has been removed, prioritizing the single-dose L-AMB–

based regimen in resource-limited settings and the 2-week L-AMB + 

flucytosine regimen in high-resource settings2

CV and Metabolic Health

• Guidance on the primary prevention of CVD has been updated in line with 

the EACS “Interim Guidance on the Use of Statin Therapy for the Primary 

Prevention of Cardiovascular Disease in People with HIV”​2

• The nomenclature of MASLD has been introduced to replace nonalcoholic 

fatty liver disease​2

• An overarching bone health section has been introduced, incorporating the 

existing “Bone Disease: Screening and Diagnosis,” “Vitamin D Deficiency: 

Diagnosis and Management” and “Approach to Fracture Reduction” 

sections2

PrEP

• Documented negative fourth-generation HIV test can be done a week prior 

to or on the day of PrEP initiation1 (previously a week prior)3

‒ Fourth-generation HIV test should be repeated at 1 month, then Q3M2

‒ In stable long-term users on 6 monthly prescriptions, an interim fourth-

generation test can be performed without a clinic visit2

• Q2M IM CAB can be considered if available as an alternative to F/TXF.1,b 

The effectiveness of Q2M IM CAB has been evaluated in comparison to 

daily F/TDF in men, transgender women and cisgender women​1

• In all populations and all regimens, oral PrEP should start with 2 tablets 

taken together, as this achieves highly effective levels in all compartments 

2 hours later​1

• For men taking on-demand PrEP, the definition of low adherence leading 

to PEP has been changed to noncompliance with 2-1-1 scheme1 

(previously <1 pill before and 1 pill after sexual intercourse)3

ART in TB/HIV Coinfection​

• TXF/XTC + DTG BID moved to recommended regimens (previously 

alternative; B/F/TAF is not on the list)1
New Subsection Added to the Guidelines
• Chemsex2

Revisions to the Guidelinesa

HIV Treatment

HIV Prevention

La presente slide non può essere modificata
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IAS-USA Guideline Updates: HIV Prevention
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aFor a comprehensive list of updates, please refer to the IAS-USA guidelines; bThe data presented on this slide were not part of the CROI 2024 program; cEvidence rating AIa: Strong panel support 

for the recommendation, with evidence from ≥1 RCT published in peer-reviewed literature

ISR, injection site reaction
Gandhi RT, et al. JAMA. December 2024 [ePub]. doi: 10.1001/jama.2024.24543

Key Recommendations for HIV Preventiona,b

Generally Recommended HIV Prevention Approach

• Adopt a serostatus-neutral approach to reduce stigma, facilitating rapid care 

linkage and PrEP navigation

• Offer PrEP to all sexually active individuals, those requesting it, or those with a 

substance use disorder, without specific risk criteria or screening tools

• Offer PrEP to sexual partners of PWH and those who share needles with 

individuals with HIV or unknown HIV status

Rapid PrEP Start

• Initiate PrEP in individuals with a negative HIV test result from the past 7 days

‒ In individuals with no recent HIV test results, conduct testing and initiate 

PrEP on receipt of negative test result

• Transition to PrEP in individuals receiving PEP for substantial HIV exposure if 

HIV test results are negative

Laboratory Testing

• HIV screening should include an HIV RNA test and a laboratory-based 

antigen/antibody test after PrEP initiation or after a long hiatus

• Rapid HIV antibody and laboratory-based antigen/antibody testing is 

recommended at Q2M IM CAB follow-up instead of routine RNA testing

• If RNA testing is unavailable, antigen/antibody testing should be repeated at 1 

month post initiation or reinitiation of TFV-based oral PrEP

Bacterial STI Prevention

• Guidance on the use of doxyPEP for men who have sex with men and 

transgender women has been strengthened

Long-Acting Injectable PrEP

• Key data from the PURPOSE 1 and PURPOSE 2 studies are included

• After approval by regulatory authorities and when available, LEN is recommended 

for prevention of HIV infection for all routes of sexual exposurec

• The first SC injection should be overlapped with 2 daily oral doses of 

LEN (600 mg)

• Both Q2M IM CAB and SC LEN have been associated with ISRs, which often 

diminish in severity over time

• The guidelines emphasize that, with the advent of effective injectables for PrEP 

(e.g., Q2M IM CAB currently; LEN in the future), a global commitment to universal 

access is crucial for equitable implementation and scale-up

IAS-USA HIV Guideline Update (December 2024)
HIV Prevention
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 aa

Mitchell, Lancet Reg Health Am 2023

MSM HIV transmission model calibrated to Atlanta-specific data on HIV prevalence and PrEP usage



 Predicted effects of 
introduction of LA 
CAB in SSA by HIV 
Synthesis modeling:

 Increased PrEP use
 Increased proportion 

of INSTI resistance
 Small increase in 

PWH with VL <1000 
cps/mL

 Decreased HIV 
incidence and 
mortality

 Little benefit from 
NAT over Ag/Ab 
assays

Smith, Lancet HIV 2023

“…fears of resistance should not delay the 

introduction of

CAB-PrEP, but the development and roll-out 

of a long-acting PrEP that is not 

susceptible to INSTI resistance is a 

priority.”



 Earlier detection of HIV infection may avoid or limit INSTI resistance and 
transmission of INSTI resistant variants

 CDC recommends HIV RNA testing using the most sensitive assay available 
within 1 week before starting CAB-LA PrEP, at every injection visit, and quarterly 
for 12 months after stopping injections (HPTN-083 tested within 14 days and 4 
CAB and 4 TDF/FTC persons were enrolled with acute infection)

 The risk for emergent resistance should be put in context: in HPTN 083, only 16 
HIV infections were identified among 2282 participants in the CAB arm with 
>3000 person-years of follow-up. Only 7 of the 16 cases identified during the 
blinded phase of the trial had INSTI RAMs detected; 1 of those participants 
would not have received CAB if the infection had been detected prior to study 
enrollment and 2 others were infected while receiving oral CAB, which is 
considered optional by the US FDA prior to starting CAB-LA PrEP.



 Current and upcoming PREP regimens are single class
 They violate the paradigm of combination therapy

 Emergent resistance at failure of PREP is not new
 But with CAB is more disturbing than with NRTI

 The risk is high with unrecognized infection when starting PREP
 Use maximum sensitivity screening to limit the risk of ill-fated PREP start

 Resistance to CAB does develop despite on time injections and 
adequate plasma CAB levels, both with CAB PrEP and treatment
 Yet, models indicate CAB PrEP benefits outweigh CAB resistance issues

 Lenacapavir sounds like another breakthrough, yet it does not 
seem to protect from emergent resistance at failure
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TRIO Health Cohort: Efficacy and Testing

 No HIV seroconversion episodes, but frequency of testing was inconsistent1

 CDC guidelines recommend both HIV Ag/Ab and HIV RNA screening before each 
injection2

‒ Only 34% had both HIV Ag/Ab and HIV RNA testing

1. Ramgopal. IDWeek 2024. Abstr 505. 2. CDC. Clinical Guidance for PrEP. 2024.

HIV Test 
Frequency, %
(N = 526)

HIV Ag/Ab, 
n (%)

HIV RNA,
n (%)

Both HIV Ag/Ab 
and HIV RNA, 

n (%)

Either HIV Ab/Ag 
or HIV RNA,

n (%)

No HIV Test, 
n (%) 

100 292 (56) 199 (38) 177 (34) 333 (63) 8 (2)

75-99 84 (16) 66 (13) 63 (12) 89 (17) 0

50-74 68 (13) 89 (17) 72 (14) 68 (13) 8 (2)

<50 82 (16) 172 (33) 214 (41) 36 (7) 510 (97)

http://www.clinicaloptions.com/

