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Measuring /in vitro Susceptibility to bNAbs

« Most common measurement: Neutralization Assay
— Prevention of target cell infection by free virus
« Neutralization typically measured with pseudoviruses on cell lines
— Other assays: use PBMC-grown virus on cell lines or on PBMC
« Other functions may be measured:
— Blocking cell-to-cell infection
— Non-neutralizing functions, eg ADCC
— 1gG glycoforms
— Viral outgrowth



Measuring /in vitro Susceptibility to bNAbs

« Most common measurement: Neutralization Assay
— Prevention of target cell infection by free virus
« Neutralization typically measured with pseudoviruses on cell lines
— Other assays: use PBMC-grown virus on cell lines or on PBMC
« Other functions may be measured:
— Blocking cell-to-cell infection
— Non-neutralizing functions, eg ADCC
— 1gG glycoforms
— Viral outgrowth
» Only neutralization has been shown to correlate with in vivo protection



How are the assays done?
What do the numbers mean?



Advantages of Env-pseudoviruses

Single round of infection
Assay is reproducible

Quickly produce stocks by co-transfection of standard HIV genome backbone
with Env of choice

— Can have hundreds of Env strains, mutants
— Do not need to grow large stocks of replicating HIV — do not need BSL3 lab
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Neutralization Assay
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Quantifying Neutralization Data

IC50 or IC80: concentration of antibodies at which 50% or 80% of virus is

neutralized

» Smaller values = more potent
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Quantifying Neutralization Data

IC50 or IC80: concentration of antibodies at which 50% or 80% of virus is
neutralized

» Smaller values = more potent

ID50 or ID80: reciprocal dilution of serum or plasma at which 50% or 80% of
virus is neutralized

» Larger values = more potent
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Scale of pseudovirus neutralization assays

Assays can be done manually or in automated systems

Small-scale in many research labs

Large-scale in a few research labs
— NIH/VRC, IAVI, Duke (Montefiori), Harvard (Seaman)

Commercially: Monogram

@ labcorp

MONOGRAM BIOSCIENCES

HIV Neutralizing Antibody Assay




Commercial Testing: Monogram PhenoSense nAb Assay

« Assays for mADbs are
validated to CLIA/CAP
specifications

* Characterizing novel bNAbs

* Pre-screening Envs from
potential participants in
antibody therapy trials

2NOgram

PhenoSense™ HIV Neutralization Assay

Background

Monogram Biosciences’ PhenoSense™ HIV Neutralization, or “Neutralizing Antibody”, Assay IS
available to pharmaceutical and vaccine companies and researchers involved in HIV vaccine
and therapeutic antibody research. The assay is offered in 3 different formats:

1) CURVES: 10-point dilutions (full titers, “Curves”):
Results provided as IC50s, IC80s, IC90s and IC95s with comresponding 10-point
inhibition curves in PDF format.

2) CURVES PLUS: 10-point dilutions (full titers, “Curves Plus”):
Results provided as IC50s, etc. with corresponding 10-point inhibition curves in
PDF format PLUS a summary of the percent inhibition at each of the 10
concentrations (dilutions) tested in tabular format in a spreadsheet file.

3) HITS: 4-point dilutions (screening “hits”):
Results provided as percent inhibition at each of 4 dilutions (example: 1:10,
1:30, 1:90 and 1:270) in tabular format in a spreadsheet file.

Chris Petropoulos



Does In Vitro neutralization
correlate with
IN VIVO protection?



NHP: /n vitro potency predicts /n vivo protection

» Lower doses of a more potent antibody protect NHP from SHIV challenge

IC50 vs challenge virus:

PGDM1400
0.04 pg/ml

CAP256-VRC26.25-LS
0.003 pg/ml

Julg et al 2017 Sci Trans| Med



NHP: /n vitro potency predicts /n vivo protection

» Lower doses of a more potent antibody protect NHP from SHIV challenge
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NHP: /n vitro potency predicts /n vivo protection

» Lower doses of a more potent antibody protect NHP from SHIV challenge
* Meta-analysis of NHP studies shows correlation of ID50 with protection
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Proof-of-concept in Humans: bNAbs for Prevention

« AMP Clinical Trials: can the bNAb VRCO1 prevent HIV infection?
— HVTN703 (women, Africa) and HVTN 704 (men, Americas), n=4600
— 10 or 30 mg/kg VRCO1 1V, every 8 weeks, vs placebo

« No overall preventive effect

Prevention Efficacy (95% Cl)
il

VRCO1 pooled
VRCO1, low dose
VRCO1, high dose

|
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Corey et al 2021 NEJM



AMP trials: bNADb efficacy against sensitive viruses

« Envs from all infected participants were tested for sensitivity to VRCOL1 in
pseudovirus neutralization assay

 VRCO1 prevented infection by very sensitive viruses
» Proof of concept that bNAbs can prevent infection
» Support for clinical relevance of pseudovirus assay
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|
|
VRCO1 IC80 i

<1 pg/mL i 75.4 (45.5 to 88.9)
|
|
i

1-3 pg/mL ! 4.2 (-108.7 to 56.0)
i

>3 pg/mL il 3.3 (—48.0 to 36.8)

| | | | | | | | | | |
-100 -80 -60 -40 -20 0 20 40 60 30 100

Corey et al 2021 NEJM



How can we use
neutralization data?



Assessing bNAbs for clinical use

« Measure breadth and potency on large pseudovirus panels:

Number of Envs? (often 100-200)
Single clade or multi-clade?
Local or global?

Contemporary?
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Should we focus on contemporary viruses?

IC50 (pg/ml)

U wiruses
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Consider Clades and Geography

IC80 < 1ug/mL
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Some mAbs Miss Entire Clades: Geographic Restrictions
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Some mAbs Miss Entire Clades: Geographic Restrictions
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Coverage Complementarity

IC80 Titers (ug/ml)

>1
0.100-1.00
0.01-0.100
0.001-0.01
<0.001

62%

75%

VRCO07-523LS
CD4bs

CAP256V2LS

Krisha McKee
Michael Seaman
Carolyn Williamson
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Coverage Complementarity

62% 75% 90%

IC80 (ug/ml)
0.100-1.00 To express activity of
0.01-0.100 H H .
0.001-0.01 combination:

<0.001

For each virus, count the IC80
of the more potent antibody

Krisha McKee
Michael Seaman
Carolyn Williamson




Combinations: One mAb active, or more than one?

« We often show coverage assuming at least one mADb is active
— le count viruses that are sensitive to at least one mAb in the combination
« For some viruses, a combo is effectively monotherapy

— This is probably acceptable for prevention
— For treatment, monotherapy is very unlikely to work




Lower Coverage if you Require 2 Active mAbs

62% 75% 90% 47%

IC80 (ug/ml)
0.100-1.00 To express activity of
0.01-0.100 H H .
0.001-0.01 combination:
<0.001

1 Active
For each virus, count the 1C80
of the more potent antibody

2 Active
For each virus, count the IC80
of the less potent antibody

Krisha McKee
Michael Seaman
Carolyn Williamson




How do we define breadth of coverage?

» Neutralization on large panels of (pseudo)viruses
» Old definition: sensitive if IC50 < 50 pg/ml

IC50 < 50 ug/ml
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How do we define breadth of coverage?

» Neutralization on large panels of (pseudo)viruses
» Old definition: sensitive if IC50 < 50 pg/ml
* Post-AMP: sensitive if IC80 < 1 pug/ml

IC50 < 50 ug/ml IC80 < 1 ug/ml
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How can we use
neutralization data for
treatment trials?



Neutralization assays in therapy trials

In some bNAD therapy trials (viremic or ATIl), subjects were pre-screened for
Envs that were sensitive to the study bNADb

— Clone and test individual Envs
— Shotgun sequencing, test pseudovirus mix
Sequencing and sensitivity testing of rebound viruses can help explain loss of

bNAb-mediated control
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Monitoring escape during therapy

VRCG601 trial: Viremic subjects were given one infusion of VRCO01
Some had temporary decrease in viral load
Envs were sequenced and tested for VRCO1 sensitivity

In some cases, viral rebound was associated with increased resistance to
VRCO01
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Conclusions

 Pseudovirus neutralization titers correlate with in vivo
protection

* The assays are essential for selecting clinical candidates
— Choice of virus panels, cutoffs may be critical

* The assays can be used clinically in bNAb therapy:
— Prescreen patients
— Monitor viral phenotype changes during therapy
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Uses of Neutralization Data

Discovery, characterization, improvement of bNAbs

— Breadth
— Potency
— Activity against specific clades, local isolates

Comparing bNADbs to choose clinical products
Clinical investigation: does neutralization correlate with protection?
Predicting / monitoring viral escape in treated patients



Pseudovirus neutralization is a correlate of
protection for mRNA COVID-19 Vaccine

« Correlates analysis for symptomatic infection in Phase 3 trial of mRNA-1273:
« Binding antibodies and neutralizing antibodies both correlate with protection

C 50% Inhibitory Dilution Pseudovirus Neutralization Titer: Day 57

Group Mo. Events HR (95% CI)

All Vaccine 47 g | 0.42 (0.27, 0.65)
Age =65 7 . 0.34(0.10,1.12)

Age <65 40 . | 0.42(0.26,0.69)

Gilbert et al 2022 Science



PhenoSense nAb Assay: Hx and Applications

Circa 1996: Development of HIV-1 pseudovirus assays
for the measurement of PR/RT inhibitor resistance

Circa 2001: Adaptation of HIV-1 pseudovirus assays for
the measurement of entry inhibitor resistance

Circa 2001: Adaptation of HIV-1 pseudovirus assays to
characterize nAb responses to infection and vaccination

Circa 2005: Adaptation of HIV-1 pseudovirus assays to
determine co-receptor tropism and predict Tx outcome

Circa 2010: Application of HIV-1 pseudovirus assays for
the identification and characterization of novel bnAb

Circa 2017: Application of HIV-1 pseudovirus assays to
evaluate the clinical efficacy of therapeutic bnAb

= Monogram
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