
Anti-HIV-1 bNAbs: 

Potential Clinical Applications
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Learning Objectives

After attending this presentation, learners will be able to: 

▪ List potential indications of HIV-1 bNAbs

▪ Describe the engineering process of bNAbs and the 

delivery system in early clinical trials

▪ Describe the status of bNAb clinical trials in people with 

HIV (PWH)
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Antibody-based therapy: 
Polyclonal Serum

Passive immunization is effective against infectious diseases
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HIV & SARS-CoV-2:
Experience in both fields propel development of immunotherapy 

Safety: Diverse populations
Efficacy: Prevention & Therapy

Implementation: Fast development 
Possibility of fast deployment

Discovery: Cloning methods
Characterization: activity, specificity

Engineering: 
Fc modifications for half-life and function

* Key differences in HIV: Extreme viral diversity & latency – natural immunity does not cure infection

HIV * SARS-CoV2
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Broadly Neutralizing Antibodies Develop during HIV Infection

viral membrane
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HIV-1 Envelope

❖ Sparse expression
❖ Epitope masking
❖ Highly diverse

Acute infectionTransmission Chronic infection
10-20%
develop
bNAbs

2-3 yrs

Can neutralizing antibodies have a role in HIV infection?
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Anti-HIV-1 bNAbs Targeting Different Epitopes in Clinical Trials

Neutralization Targets bNAbs with Greater Breadth and Potency

Hsu et al, Front Immunol 2021

Karuna et al,  Ann Rev Med 2020
❖ Bi-specific & tri-specific
❖ AAV-delivery

➢ At an individual level, greater env diversity is associated with 
high neutralization titers and breadth, but also with resistance 
to certain bNAbs and autologous viruses.
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Potential Roles of bNAbs in HIV-1 Infection

Treatment & Prevention:
Long-acting alternative to ART 

Safety: As a class, mAbs are considered safe
No risk of selecting ARV resistance

Adherence: mAbs have long half-lives, that 
can be prolonged to 2-3 months

Treatment-free remission:
Immune-mediated control of 
viral replication

mAbs might “boost” or “improve” existing 
immune responses 

mAbs have potential to directly eliminate 
infected cells and therefore interfere with 
the HIV latent reservoir 
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HIV-1 bNAbs: Prevention
AMP studies: VRC01 achieved prevention efficacy 

against neutralization sensitive viruses

75.4%

4.2%

3.3%

• Prevention can be achieved by bNAb administration 
• Regardless of gender and region-specific clade
However, it is dependent on neutralization sensitivity of 
circulating strains (only 30% VRC01 sensitive) and required 
higher levels than anticipated

• In vitro neutralization assays can predict outcome
But predictions based on TZM/bl assays against 
pseudoviruses were about 1 log “off” from required in vivo 
sensitivity against “real viruses”. 

• Prevention efficacy biomarker: predicted serum 
neutralization ID80 titer of 200

Corey et al, NEJM 2021
Gilbert et al, Nat Med 2022
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Glass half full or half empty: Next steps after AMP results?

• Will combination of bNAbs provide greater protection?
• How many bNAbs will be needed?

• What dose level and frequency will be needed to achieve protection 
titers?

• Is resistance to bNAbs evolving over time on a population level?
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HIV-1 bNAbs: Therapy
Effects on Plasma Viremia 

3BNC117

➢ Across studies: A subset of participants with baseline resistance

➢ Transient reduction in plasma viremia - nadir ~ 1.5 log10 cp/ml.

➢ Selection of resistant viral strains occurred

➢ Viral suppression only achieved with low starting VLs

➢Viral rebound observed without clear selection of resistance to VRC07-523LS or 3BNC117

Single bNAb
3BNC117 +10-1074

Combination two bNAbs

Caskey, Klein et al., 2015
Bar-On, et al 2018
Julg, et. al. 2022

VRC07-523LS +PGT121+PGDM1400
Combination three bNAbs
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Gaudinski et al, 2018

VRC01-LS t1/2 71 days
(vs. VRC01 t1/2 of 15 d)

LS mutations (M428L/N434S) enhance FcRn binding and prolong half-life

VRC01-LS
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10-1074-LS t1/2 80 days
(vs. 10-1074 t1/2 of 24 d)

HIV-1 bNAbs: Therapy
Engineered Antibodies: Increased Bioavailability
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30 mg/kg

10 mg/kg

10 mg/kg

10 mg/kg

10-1074-LS

10-1074

HIV-infected

HIV-uninfected

HIV-uninfected

30 mg/kg
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30 mg/kg

3BNC117-LS

HIV-infected (n=3)

HIV-uninfected (n=3)

3BNC117

HIV-uninfected (n=3)

30 mg/kg

30 mg/kg

10-1074-LS 3BNC117-LS

3BNC117-LS t1/2 66 days
(vs. 3BNC117 t1/2 of 17 d)

➢Half-life of LS variants > 3 fold longer than parental mAbs
➢Allows for twice/yr IV infusions, or quarterly SC doses

Slide 13

iMab/10e8v2.0

Bi-specific

Sobieszczyk, CROI 2022: 
• Good safety profile
• Detected in serum – PK analysis ongoing
• No neutralizing ADA (except for 1 participant)
• VL decline of 1.5 log10 cp/ml

 

  

Fig. 5. Crystal structure of the CODV Fab and a structure model of the trispecific 

antibody. (A) Configuration of the trispecific antibody, color-coded by parental antibody. 

Dark shades (red or green) refer to heavy chain while pastels indicate light chain peptides. (B) 

Crystal structure of the PGDM1400-10E8v4 CODV Fab in side and top views. CDRH3s from 

the two Fvs are labeled to highlight the antigen binding region gp41 MPER was modeled in by 

superposing PDB 5IQ9 on to the 10E8v4 Fv. (C) VRC01/ gp120 structure (PDB 4LST) and the 

CODV Fab were modeled onto the b12 structure (PDB 1HZH) by overlaying the CH1-CL 

domains. Color codes are matched in (A), (B), and (C). 

First release: 20 September 2017  www.sciencemag.org  (Page numbers not final at time of first release) 11 
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VRC01/10E8v4-PGDM1400-LS
(SAR441236)

Tri-specific

A5377:
• Enrollment ongoing
• No safety concerns to date

HIV-1 bNAbs: Therapy
Engineered Antibodies: Increased Potency and/or Breadth
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Delivery Systems: Sustained in vivo secretion of bNAbs
AAV Vectors

Casazza et al, Nat Med 2022

➢ VRC 603: 8 people received AAV8-VRC07 (three doses) 
➢ 2/3 at high dose had sustained production of VRC07. 
➢ ADA responses detected

AAV8-VRC07

Yang et al, 2014 
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Davey et al. PNAS 1999
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3BNC117

No bNAb

➢Average time to rebound: 8.4 wks
➢Rebound was monogenic
➢Selection of resistance

3BNC117

HIV-1 bNAbs: Therapy
Can bNAbs maintain viral suppression in the absence of ART? 

Can bNAbs maintain viral suppression 

in the absence of ART? 

0 3 6 12Screen 30

ATI

-2

Assesment of latent reservoir

3BNC117 + 10-1074
(30 mg/kg)

ART

Bulk culture 

Q2VOA

Near full length seq.

+

+

+

+

+

Weeks

Rebound 

Plasma SGA

+Rebound outgrowth

+

Mendoza et al., Nature 2018

Repeated doses of two bNAbs can maintain 

suppression of sensitive viruses in the absence of ART 

➢ Participants not screened for sensitivity
➢ 13/17 (76%) ppts maintained VL < 200 cp/ml

through the dosing period of 20 weeks.
➢ Median time to rebound was 28.5 weeks (7- > 48 wks)

➢ Participants initiated on ART during acute/early HIV
➢ Participants not screened for sensitivity

➢ 5/7 ppts maintained VL < 40 cp/ml for > 28wks
➢ Median time to rebound was 33 weeks (7-43 wks) 

Sneller et al., 2022Gaebler et al., 2022
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• Capsid Inhibitor

• Lenacapavir

• bNAbs

• Integrase Inhibitor

• Cabotegravir

• bNAbs

Ongoing “Switch” Studies: LS-bNAbs + LA-ARV

10-1074-LS       + 3BNC117-LS VRC07-523LS

NCT04811040 A5357 / NCT03739996
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Anti-HIV-1 bNAbs Clinical Studies – Summary I

• Evidence that combination bNAbs can maintain viral suppression

• However, viral reservoir diversity is a challenge to bNAb-based strategies
• Improved sensitivity testing methods are being developed

• Potential advantages: 
• safety profile
• no selection of ARV resistance
• bi-annual dosing with long-acting bNAbs (IV infusions)

• Future: Combinations of LA-ARV and LA-bNAbs
Other bNAb combinations, including 3 bNAbs
Bi- and Tri-specific molecules
Newer bNAbs with greater breadth and diff. mechanism of resistance
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Antibodies Differ from ARVs: Fc Effector Functions

Bournazos et al., JEM 2015

Clearance of Infected Cells                            Enhancement of 
adaptive immune responses
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Effects on T Cell Immune Responses

➢ HIV-1 Gag-specific T cell responses 
were enhanced during bNAb- vs. ART-
mediated viral suppression

Niessl et al, 2020

➢ Moderate but significant changes in intact 
proviruses during bNAb therapy x 5 months.

➢ No change in defective proviruses

Do bNAbs affect the viral reservoir and host immune responses?

Effects on Intact Proviruses

Gaebler et al, 2022
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Combination Immunotherapy Strategies

Deeks / IAS, 2022

During early infection or at 
ART initiation: 
Approaches to limit reservoir
establishment and preserve 
immune responses

During ART suppression and/or ART 
interruption: Approaches to reduce
and/or control the reservoir
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bNAbs – HIV Cure Strategies:

➢ Promising results in non-human primate studies
• But, predictors of virologic control not fully understood

➢ Clinical trials of cure strategies – open questions
• What is the best timing for cure interventions?

• Will interventions be as effective during ART or in the absence of ART?

• How long do interventions need to be?

• Will ART-free control of HIV require additional immune modulation 
and antigen expression?
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Nature Medicine

Article https://doi.org/10.10 38/s41591-022-02023-7

HLA-B*57 and HLA-B*58) were represented in 44% of the part icipants 

across all four groups (Extended Data Table 1). Post  hoc bNAb sensit ivity 

test ing of baseline plasma samples revealed that  8 of 15 (53%) part ici-

pants in the ART + 3BNC117 group and 10 of 16 (63%) part icipants in the 

ART + 3BNC117 + RMD group had 3BNC117-sensit ive plasma viruses at  

baseline (Fig. 2a). Notably, the individuals (n = 18) harboring pre-ART 

3BNC117-sensit ive viruses were comparable to the individuals (n = 13) 

harboring pre-ART 3BNC117-resistant  viruses (Supplementar y Table 1).

Decay rat es of plasma HIV-1 RNA aft er  ART init iat ion

Individuals with the lowest  pre-ART plasma HIV-1 RNA levels were gen-

erally suppressed within 7–17 days after  ART init iat ion, but  not  every 

ART (n = 15)

ART + 3BNC117    (n = 15)

ART + RMD   (n = 13)

ART + 3BNC117    + RMD   (n = 16)

Clinical safety

Plasma HIV-1 RNA

Intact HIV-1 proviruses (ddPCR)

HIV-1 antigen production (VIP-SPOT)

3BNC117 sensitivity (pheno- or genotypic)

Study visits (days) –28 0 7 10 17 21 24 30 60 90 180 270 365 400 484

Newly 

diagnosed

individuals Screening

ART initiation

Interventional period

ART

Optional ATI start

Follow-up

a

b

Assessed for eligibility (n = 316)

Excluded (n = 256)

Not meeting inclusion criteria (n = 105)

CD4+ T cell count <200 per µl (n = 80)

Not ART naive (n = 12)

Unable to give informed consent (n = 13)

Declined to participate (n = 100)

Other reasons (n = 51)

Pregnant/planning pregnancy (n = 10)

Investigator’s opinion (n = 18)

Cancer (n = 6)

Transplantation (n = 1)

Diabetes mellitus (n = 5)

Hepatitis B or C co-infection (n = 7)

Cardiac disease (n = 2)

On immunosuppressant (n = 1)

Allocated to ART + 3BNC117 + RMD (n = 16)

Received allocated intervention (n = 14)

3. RMD infusion omitted: AE (n = 1)

Discontinued intervention (n = 2)

Withdrawal of consent (n = 2)

Randomized (n = 59)

Allocated to ART + RMD (n = 13)

Received allocated intervention (n = 12)

2. infusion omitted: AE (n = 1)

Discontinued intervention (n = 1)

Withdrawal of consent (n = 1)

Allocated to ART + 3BNC117 (n = 15)

Received allocated intervention

(n = 14)

Discontinued intervention (n = 1)

Due to a SAE (n = 1)

Allocated to ART(n = 15)

Received allocated

intervention (n = 15)

Discontinued

intervention (n = 0)

Enrolled (n = 60)

Not randomized due to 

COVID-19 (n = 1)

Lost to follow-up (n = 0) Lost to follow-up (n = 1) Lost to follow-up (n = 2)

Moved out of the study area (n = 1)

Due to a SAE (n = 1)

Lost to follow-up (n = 0)

Analyses were performed as indicated above and as detailed in the comprehensive CONSORT flow diagram presented in Extended Data  Fig. 1.

Enrollment

Allocation

Follow-up

Analysis

HIV-1 mRNA+ and/or p24+ cells (FISH-flow)

HIV-1-specific immunity (AIM)

Fig. 1 | Trial design and participant flow diagram. a,b, The eCLEAR trial design (a) and abbreviated CONSORT flow diagram (b). The analysis sect ion is presented in 

full in Extended Data Fig. 1. SAE, severe adverse event.

eCLEAR Study: 3BNC117 +/- romidepsin (LRA) at ART initiation

Gunst et al, 2022
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Increased T cell responses prior to ATI and delayed viral rebound 
among participants with 3BNC117 sensitive virus 

Nature Medicine

Article https://doi.org/10.10 38/s41591-0 22-0 20 23-7

after the third infusion (Extended Data Fig. 6). Collect ively, the data 

show that  RMD administ rat ion as latency-reversing therapy during 

ART init iat ion modest ly yet  signif icant ly boosted the number of t ran-

script ionally and/or t ranslat ionally act ive HIV-1-infected cells within 1 

week of dosing, and this was associated with faster clearance of infected 

cells at  later t ime points.

HIV-1 Gag-specif ic CD8+ T cel l  immunit y

We used the act ivat ion-induced marker (AIM) assay to invest igate 

HIV-1-specif ic T cell responses. We noted that  the median frequency 

of HIV-1 Gag-specif ic CD8+ T cells over 365 days of ART signif icant ly 

declined in the ART-only group, as expected following the viral suppres-

sion/cont ract ion phase of immunity. In cont rast , the median frequency 

of HIV-1 Gag-specif ic CD8+ T cells remained stable over t ime in the three 

intervent ional groups. After 365 days of ART, the median frequency of 

HIV-1 Gag-specif ic CD8+ T cells in the ART + 3BNC117 + RMD group was 

higher than that  in the ART-only group (0.95% versus 0 .31%, respec-

t ively; P= 0.011) (Fig. 4a). When compared to the ART-only group, the 

median frequency of HIV-1 Gag-specif ic CD8+ T cells on days 90 and 

365 was signif icant ly higher in the gr oup that  received 3BNC117 with 

or without  RMD and whose pre-ART viruses were sensit ive to 3BNC117  

(Fig. 4b). Thus, 3BNC117 administ rat ion at  ART init iat ion induces dura-

ble and potent  HIV-1 Gag-specif ic CD8+ T cell immune responses.

Size of t he HIV-1 reservoir

The droplet  digital PCR (ddPCR)-based intact  proviral DNA assay 

(IPDA), which simultaneously targets the packaging signal (Ψ) and 

Rev-responsive element  (RRE) r egions t o ident if y genomically intact  

proviruses, can be used to est imate reservoir size in people with HIV-1 

subtype B. Because our study populat ion featured both HIV-1 B and 
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Intact proviruses: 365 days after ART initiation (mean change)
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Fig. 4 | HIV-1 Gag-specific CD8+ T cell immunity and size of the intact HIV-1 

reservoir. a, Dot plot  of the frequency of HIV-1 Gag-specif ic CD8+ T cells at  

ART init iat ion (day 0) and after 90 and 365 days of ART among the four groups 

(lines at median and IQRs). b, Dot  plot  of the frequency of HIV-1 Gag-specif ic 

CD8+ T cells in groups ART + 3BNC117 ± RMD categorized according to 3BNC117 

sensit ivity (lines at  median and IQRs). c, The size of the intact  HIV-1 reservoir at  

ART init iat ion (day 0) and after 180 and 365 days of ART among individuals in 

the four randomizat ion groups (lines at median and IQRs). P values comparing 

within groups and between groups were calculated using the paired two-tailed 

Wilcoxon test and two-tailed Mann–Whitney test, respect ively. d, Pie charts 

showing the mean percentage reduct ion of intact proviral DNA per 10 6 CD4+ T 

cells after 365 days of ART per group (column and upper row) and categorized 

according to pre-ART plasma virus sensit ivity (middle row; blue shaded area) 

or resistance (bottom row; red shaded area) to 3BNC117. P values comparing 

between groups were calculated using the unpaired two-tailed t-test  with the 

ART-only group as reference. The compiled group ART + 3BNC117± RMD is 

shown in the last  column. ART, n = 14; ART + 3BNC117, n = 14; ART + RMD, n = 10; 

ART + 3BNC117 + RMD, n = 14.

Enhanced HIV gag-specific CD8 T cell responses among 
participants harboring 3BNC117 sensitive pre-ART viruses

Delayed time to viral rebound after ATI among 
participants harboring 3BNC117 sensitive pre-ART viruses

Gunst et al, 2022
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MCA-1034
3B-LS+1074-LS
Chronic on ART

(Caskey /Sneller)

Reduce  and Control the Reservoir

RIO
3B-LS+1074-LS

ART at Primary Infx
bNAb ATI or ART restart

(Fidler/Frater)

BEAT HIV2
3BNC+1074+IFN

Chronic during ATI
(Tebas/Montaner)

TITAN
3BNC+1074+TLR9
Chronic during ATI

(Sogaard)

A5389
VRC07523LS+PGT121-LS

ART at Primary Infx
bNAb ATI or ART

(ACTG – Malvesutto)

A5386
3BNC+1074+N803

Chronic on ART
(ACTG – Wilkin)

MCA-1031
3B-LS+1074-LS+N803

Chronic during ATI
(Caskey/Tebas/Wilkin)

JAWS
DNA/MVA/TLR9

VRC07523LS+1074
Chronic/Primary on              
ART+ATI     (Deeks)

FRESH
VRC07523LS+CAP256-LS

/TLR7
ART at Primary Infx

(Gilead / Dong)

NCT04983030 (BIDMC)
Ad26/MVA/VRC07-

523LS+PDGM
+PGT121 on ART
(Julg/Barouch)

RHVIERA
3B-LS+1074-LS

Primary Infection
(Saez-Cirion)

Limit the Establishment

A5417
3B-LS+1074-LS

ART Naïve – SSAfrica
(ACTG – Crowell/Caskey)

A5388
VRC07523LS+PGT121-LS

Primary Infection
(ACTG – Crowell)

Ongoing / Planned bNAb + Combination Immunotherapy Studies

A5374
ChAd/MVA/TLR7

3B-LS+1074-LS
ART at Primary Infx

(ACTG – Ridler)
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Clinical Trials of bNAbs in Children

IMPAACT P1112: Safety and dose finding studies (VRC01, VRC01-
LS, VRC07-523LS) in newborns exposed to HIV 
(Cunningham C et al. JID 2020; McFarland E. et al. JID 2021)

IMPAACT 2008:  Early treatment of Infants with and without bNAbs
(VRC01) to reduce reservoirs
(AIDS 2022; Khaitan A et al. for the IMPAACT 2008 team)

Tatelo Study: Efficacy of (combination VRC01-LS and 10-1074) 
maintaining 24 weeks of viral suppression during ATI in very early 
treated children

• 11 (44%) maintained HIV RNA <40 copies/mL through 24 weeks of 
bNAb-only treatment

(CROI 2022, Shapiro R et al.)

IMPAACT P1115 : Very early ART +/- VRC01 for remission; plan to 
switch to VRC07-523 LS

Spencer et al., Front. Public Health, 2021

• Adjunct to ART for perinatal infection
• Prevention of breast-milk transmission
• Potential for ART-free remission with very 

early ART.

➢ Progress to date provides a framework for building 
future trials across the age-spectrum 

Courtesy of Debbie Persaud (Johns Hopkins)

Summary

• Potential for ART-free remission with very early ART  in 
combination with bNabs is promising

• Progress to date provides a framework for building future trials 
across the age-spectrum 

Summary

• Potential for ART-free remission with very early ART  in 
combination with bNabs is promising

• Progress to date provides a framework for building future trials 
across the age-spectrum 
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Summary II
• In non-human primate studies, promising results with different immunologic 

approaches: bNAbs, vaccines, TLR agonists and cytokines

• In clinical studies:
• Early data suggest that bNAbs may impact the intact proviral reservoir and 

modify anti-HIV immune responses

• Interventions at ART initiation may impact the course of HIV infection

• Future: Promising new molecules and delivery systems in development
Multiple ongoing/planned studies over next 2 yrs - including 
combination immunotherapy strategies
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HIV-1 Envelope Diversity in People With HIV

*Non-clade B

Env sequences from
36 participants on ART

Gaebler et al, 2022

➢ Greater env diversity has been associated 
with high neutralization titers against 
different clades, but also with resistance 
to certain bNAbs and autologous viruses.

Schoofs et al., 2016
Lynch et al, 2021

Question-and-Answer Session
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