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Who Are the People With Multidrug Resistant HIV?
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Prevalence of Heavily Treatment–Experienced Patients 
With Multiclass Resistance/Limited Treatment Options 

 CNICS cohort of > 26,000 ART-experienced people with HIV receiving care in the US

 Limited treatment options defined as ≤ 2 available classes with ≤ 2 active drugs per 
class by resistance testing

Slide credit: clinicaloptions.comBajema. AIDS. 2020;34:2051.
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Jessica M. Fogel et al. AIDS 2020, 34:91–101



Heavily Treatment-Experienced (HTE) patients

Armenia D, J Antimicrob Chemother 2020; 75: 1301–1310

HIV MDR is still a relevant issue despite its dramatic drop over the years



Heavily Treatment-Experienced (HTE) patients

Armenia D, CROI 2021, PO 535

INTEGRASE INHIBITOR RESISTANCE DYNAMICS 

FROM 2007 TO 2017 IN ITALIAN CLINICAL ISOLATES



HIV life cycle and upcoming drugs 
for MDR HIV

• Novel drugs
• NNRTI: Doravirine* (DOR)

• NRTI: Islatravir (ISL)

• Anti-CCR5: Leronlimab (LER)

• Novel classes
• Anti-CD4: Ibalizumab* (IBA)

• Anti-gp120: Fostemsavir* (FTR)

• Capsid inhibitors: Lenacapavir (LEN)

*FDA approved

DOR

ISL

LER

IBA

FTR

LEN

LEN



New options for MDR HIV
Genotypic interpretation

Drug Target Genotypic interpretation Comments

Doravirine* RT Available Role of minor RAMs possibly underestimated

Islatravir RT Not available Signature RAMs and cross-resistance to be further 
defined

Leronlimab CCR5 (host) Available (geno2pheno) Resistance through use of Leronlimab-bound CCR5, 
similar to MVC, not defined

Ibalizumab* CD4 (host) Not available Most resistant strain occur through use of ibalizumab-
bound CD4 following loss of N-glycosylation site(s) in 
gp120 V5 domain

Fostemsavir* Gp120 Not available Signature RAMs to be further defined, genotype and 
phenotype poorly predictive of treatment response

bnMAbs Gp120 Not available Resistance hardly predictable by genotype

Lenacapavir Capsid Not available Signature RAMs to be further defined

*FDA approvedCourtesy of M. Zazzi



HIV entry steps and entry inhibitors

Bruxelle, Microorganisms 2021

Coreceptor 
antagonists

Fusion 
inhibitors

CD4 MAbs

Attachment 
inhibitors

, PRO-140

, bnMAbs



New options for MDR HIV
Fostemsavir targets HIV gp120

gp41

gp120

HIV



Susceptibility of global HIV-1 clinical isolates to 
fostemsavir using the PhenoSense Entry assay

Gartland, J Antimicrob Chemother 2020

CRF01_AE is the least susceptible variant, however variable proportions of strains with reduced 
susceptibility may be present also within other subtypes or recombinants (mainly F-related)



Susceptibility to the novel attachment inhibitor 
Fostemsavir in patients harboring 4-class resistant HIV

Saladini, J Antimicrob Chemother 2020

Phenotypic analysis of 24 patients harboring MDR HIV from the PRESTIGIO registry

Susceptibility to Fostemsavir is comparable for 
viruses using different coreceptors

Susceptibility to Fostemsavir is not affected by 
past exposure to enfuvirtide or maraviroc



CCR5-Tropic MVC Resistance Was Not Predictive of Reduced
Susceptibility to TMR in MOTIVATE-1 and -2

Rose, CROI 2021; AIDS 2022, 36:11-18



Fostemsavir in HTE individuals: the BRIGHTE study

Lataillade, IAS 2019

Randomized Cohort
1-2 remaining ARV classes 

(≥ 1 fully active§approved agent/class), 
cannot construct viable regimen with 

remaining agents
(n = 272)

*Blinded. †Day 8 adjusted by Day 1. ‡Open label. §No evidence of resistance; patient eligible for, tolerant of, willing to receive the ARV. ║Measured from start of open-label 
treatment. Study conducted until another option, rollover study, or approved ARV available.

Primary Endpoint
Mean Δ in HIV-1 RNA,†

log10 c/mL (95% CI)

-0.79 (-0.88 to -0.70)

-0.17 (-0.33 to -0.01)

Day 9

FTR 600 mg BID + 
Failing Regimen*

(n = 203)

Placebo + 
Failing Regimen*

(n = 69)

FTR 600 mg BID + OBT‡

FTR 600 mg BID + OBT‡

Treatment difference: -0.63

Nonrandomized Cohort
No remaining ARV classes and no 

fully active§ approved agents
(n = 99)

FTR 600 mg BID + OBT‡ (investigational agents allowed)

Day 1 Day 8 Wk 96‖

Study design and primary endpoint



Lataillade, IAS 2019

Fostemsavir in HTE individuals: the BRIGHTE study



Lataillade, IAS 2019

Randomized Cohort (n = 272) Nonrandomized Cohort (n = 99)
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*Snapshot analysis excluded baseline data. 1 patient had BL HIV-1 RNA < 40 copies/mL.
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Fostemsavir in HTE individuals: the BRIGHTE study



• No correlation between 
baseline genotypic
resistance and response

• Correlation between 
baseline phenotypic
resistance (>100 FC IC50) 
and response limited to the 
non-randomized cohort

Ackerman, EACS 2019

PDVF Through Week 96 
for Randomized and Non-

Randomized
Cohorts by Baseline 

gp120 Substitutions of 
Interest (A and B) and 

TMR IC50 FC
(C and D)

Fostemsavir in HTE individuals: the BRIGHTE study



Fostemsavir in HTE individuals: the 
BRIGHTE study

• VL <40 cp/mL by initial optimized 
background susceptibility scores

• FAA, fully active agents

• S-GSS, Stanford HIVdb genotypic susceptibility

• GSS, Monogram genotypic susceptibility

• PSS, Monogram phenotypic susceptibility 

• OSS, overall susceptibility (combined GSS & 
PSS)

• OSS-new, OSS only for newly used drugs

Ackerman, AIDS 2021



HIV gp120 V5 glycans are 

essential to have IBA block HIV 

entry following gp120-CD4 binding

Ibalizumab

Natural MHC-II 

binding site 

left accessible



• TMB-301 study: 40 PLWH with extensively drug resistant HIV and VL >3 log (mean 4.5±0.8 log)

• Primary end point: % patients with a decrease in VL ≥0.5 log from baseline (day 7) to day 14 

• On day 14, 33 (83%) had a decrease in VL ≥0.5 log10 copies/ml from baseline 
• Mean VL decrease: 1.1 log10 copies/ml

• At week 25:
• Mean decrease of 1.6 log10 copies/ml from baseline 

• 43% VL <50 copies/ml; 50% VL <200 copies/ml 

• 10 patients had virologic failure or rebound

• 9 had a lower degree of susceptibility to ibalizumab than at baseline 
Emu, NEJM 2018



TMB-311: Proportion of patients with viral loads <50 cp/mL 
stratified by OSS (OT Population)

Overall susceptibility score 
(OSS) was calculated for 

each patient as the 
number of fully active ARVs 
(Stanford levels 1 and 2) in 

the OBR at baseline 
determined by viral 

genotype and phenotype 
(Monogram, San Francisco, 

CA) and historical results

Kumar, IDWeek 2020
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Leronlimab (PRO 140) in vitro activity against 4-class drug resistant HIV-
1 from heavily treatment experienced subjects

S. Rusconi, Pharmacological Research 2022



Leronlimab (PRO 140) in vitro activity against 4-class drug resistant HIV-
1 from heavily treatment experienced subjects

S. Rusconi, Pharmacological Research 2022



Leronlimab (PRO 140) in vitro activity against 4-class drug resistant HIV-
1 from heavily treatment experienced subjects

S. Rusconi, Pharmacological Research 2022



New options for MDR HIV
Lenacapavir  targets HIV capsid

• First-in-class capsid (CA) inhibitor

• Picomolar potency (EC50 = 50-100 pM)

• LEN inhibits CA-mediated nuclear entry of HIV DNA, HIV assembly and proper capsid formation 

Stellbrink, EACS 2021



Lenacapavir

 Activity of LEN in 
mutants resistant to 
other drug classes 

 HIV mutations were 
inserted into the 
pXXLAI clone, and 
the resulting mutants 
(n = 40) were 
evaluated using a 5-
day antiviral assay

N Margot, Antimicrobial  Agents Chemother 2021



 Activity of LEN in 
mutants with Gag 
cleavage site 
mutations

 HIV mutations were 
inserted into the 
pXXLAI clone, and 
the resulting mutants 
(n = 43) were 
evaluated using a 5-
day antiviral assay

Site-directed 
mutants

Clinical 
isolates from 

treatment 
experienced 

subjects

*The maturation inhibitor GSK3532795 was discontinued

N Margot, Antimicrobial  Agents Chemother 2021

Lenacapavir



n=24

n=12

n=36

HTE PLWH

≥12 years old

≥35 kg

HIV-1 RNA ≥400 c/mL

Resistance to ≥2 ARVs from 

≥3 of 4 main ARV classes 

(NRTI, NNRTI, PI, INSTI)

≤2 fully active ARV 

options remaining

14-day 

functional 

monotherapy OLM phase→

LEN in Heavily Treatment-Experienced PLWH

Phase 2/3: LEN in HTE PLWH

1. Segal-Maurer S, et al. vCROI 2021. Oral #127 2. Molina JM, et al. vIAS 2021, OALX01LB02

Endpoints

Primary (randomized cohort)

• HIV-1 RNA ≥0.5 log10 c/mL 

reduction from BL at D15

Secondary 

(randomized cohort)

• HIV-1 RNA <50 c/mL and 

<200 c/mL at W26 & W52 

(FDA Snapshot)

2:1†

W0 D15 W52 of LEN SCW26 of LEN SC

LEN SC Q6M‡

OBR§

LEN SC Q6M‡

OBR§

LEN PO‡

LEN SC Q6M‡

OBR§
NR†

Primary
endpoint

Secondary 
endpoint

†Participants with <0.5 log10 decline in HIV-1 RNA during screening entered the randomized cohort; participants with ≥0.5 log10 decline in HIV-1 RNA during screening entered the non-randomized cohort
§Investigational agents, such as fostemsavir, were allowed; atazanavir (ATV), ATV/cobicistat, ATV/ritonavir, efavirenz, entecavir, nevirapine, tipranavir were not allowed
‡BL, baseline; D, day; HTE, heavily treatment-experienced; MDR, multidrug resistance; NR, nonrandomized; OBR, optimized background regimen; OLM, open-label maintenance; PO, by mouth; Q6M, every 6 months; 

SC, subcutaneous

‡LEN dosing: Oral initiation (Day 1: 600 mg [2 × 300 mg tablet]; Day 2: 600 mg [2 × 300 mg tablet]; Day 8: 300 mg), 

followed by maintenance dose of 927 mg (2 × 1.5 mL) SC into the abdomen Q6M (Q26 weeks)

LEN SC Q6M‡

OBR§

LEN SC Q6M‡

OBR§

LEN PO‡

LEN SC Q6M‡

OBR§

LEN PO‡

LEN PO‡

Failing regimen

Placebo PO 

Failing regimen OBR§

LEN PO‡

Phase 2/3, blinded, placebo-controlled study to evaluate LEN as an add-on to a failing regimen in 
heavily treatment-experienced PLWH with MDR (N=72)
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Correlation between replication capacity and fold change in 

lenacapavir susceptibility in the Gag-Pro assay. 

N. Margot, JAC 2021
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A novel long-acting regimen?
Investigational LEN + investigational ISL

LEN and ISL are not approved for use by any regulatory body globally

IS, islatravir; LEM, lenacapavir
BioSpace. Gilead and Merck Announce Agreement to Jointly Develop and Commercialize Long-Acting, Investigational Treatment Combinations of Lenacapavir and Islatravir in HIV. Published: Mar 15, 

2021. Available at: www.biospace.com/article/releases/gilead-and-merck-announce-agreement-to-jointly-develop-and-commercialize-long-acting-investigational-treatment-combinations-of-lenacapavir-and-
islatravir-in-hiv-/.

Capsid inhibitor 

LEN

Islatravir

Oral capsid inhibitor 

LEN

S M T W R F S
Islatravir oral 

A New Dual Option with LEN



C. Orkin, CROI 2022
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Dec 2021 Report

Proportion of patients under different ART regimen lines according to calendar year
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Take-home Message

• HTE subjects are a challenging population, especially those with a pan-
resistant virus

• New options with specific MoA are available (DOR, FTR, IBA), others will
hopefully (LEN, ISL, LER..bNABS…MI… ) come 

• We need for new tools for correctly managing these options

• We need a multidisciplinary approach for managing HTE PLWH with the 
ultimate goal to achieve and maintain undetectability and possibly to 
simplify complex regimens


