1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Lancet HIV. Author manuscript; available in PMC 2024 May 17.

-, HHS Public Access
«

Published in final edited form as:
Lancet HIV. 2019 October ; 6(10): e667-€679. doi:10.1016/S2352-3018(19)30181-X.

Safety and pharmacokinetics of broadly neutralizing human
monoclonal antibody VRC07-523LS in healthy adults: A phase
1 dose-escalation clinical trial

Martin R. Gaudinskil, Katherine V. Houserl, Nicole A. Doria-Rosel, Grace L. Chenl, Ro
Shauna S. Rothwelll, Nina Berkowitz!, Pamela Costnerl, LaSonji A. Holman?, Ingelise

J. Gordon!, Cynthia S. Hendell, Florence Kaltovich!, Michelle Conan-Cibottil, Margarita
Gomez Lorenzo?, Cristina Carter!, Sandra Sitarl, Kevin Carlton?, Jason Galll, Carolyn
Laurencot!, Bob C. Linl, Robert T. Bailer!, Adrian B. McDermott!, Sung-Youl Kol,
Amarendra Pegu?, Young D. Kwon?!, Peter D. Kwong?!, Aryan M. Namboodiri3, Janardan
P. Pandey?3, Richard Schwartz!, Frank Arnold!, Zonghui Hu?, Lily Zhang®, Yunda Huang?,
Richard A. Koup!, Edmund V Capparelli®, Barney S. Graham?, John R. Mascola?l, Julie E.
Ledgerwood!”, the VRC 605 study team

lvaccine Research Center, National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, MD, USA

2Vaccine Clinical Research Branch, Division of AIDS, National Institute of Allergy and Infectious
Diseases, National Institutes of Health, Bethesda, MD, USA

SDepartment of Microbiology and Immunology, Medical University of South Carolina, Charleston,
SC, USA

“Biostatistics Research Branch, Division of Clinical Research, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda, MD, USA

5Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research Center, Seattle, WA,
USA

6School of Medicine and Skaggs School of Pharmacy and Pharmaceutical Sciences, University of
California San Diego, San Diego, CA, USA

Abstract

"Corresponding author: Julie Ledgerwood, Vaccine Research Center, National Institute of Allergy and Infectious Diseases, National
Institutes of Health, Bethesda, MD, USA Ledgerwood@mail.nih.gov.

Author contributions

MRG is the principal investigator of VRC 605. Conception and design: MRG, NADR, GLC, RSR, NB, FK, MCC, MGL, SS, LAH,
UG, CL, RS, FA, JG, KC, ABM, RTB, EVC, JRM, BSG, RAK, and JEL. Investigation and sample collection: MRG, CC, PC, LAH,
CSH, and 1JG. Data analysis and interpretation: MRG, KVH, NADR, BCL, RTB, ABM, SYK, AP, YDK, PDK, AMN, JPP, ZH, LZ,
YH, and EVC. Manuscript writing and final approval of manuscript: all authors.

Declaration of Interests
JRM, PDK, and YDK are listed on patents applications involving VRC07-523LS and YH reports a grant from NIAID U.S. Public
Health Service during the conduct of the study. All other authors declare no competing interests.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gaudinski et al. Page 2

Background: Human monoclonal antibodies that potently and broadly neutralize HIV-1
(bnMADbs) are under development to prevent and treat HIV-1 infection. We performed a phase

1 clinical trial to determine the safety, tolerability, and pharmacokinetic profile of the bnMADb
VRCO07-523LS, an engineered variant of VRCO1 that targets the CD4 binding-site of the HIV-1
Env protein.

Methods: This phase 1, open-label, dose-escalation clinical trial was done at the National
Institutes of Health Clinical Center in Bethesda, MD, USA. Individuals were recruited from

the greater Washington, DC, area by IRB-approved written and electronic media. We enrolled
healthy, HIV-1-negative adults aged 18-50 years. Inclusion criteria were good general health,
measured through clinical laboratory tests, medical history, and physical examination. Participants
self-selected into one of seven open groups during enroliment without randomization. Four groups
received a single intravenous dose of 1, 5, 20, or 40 mg/kg of VRC07-523LS, and one group
received a single 5 mg/kg subcutaneous dose. Two groups received three doses of either 20 mg/kg
intravenous VRCO07-523LS, or 5 mg/kg subcutaneous VRC07-523LS at 12-week intervals. The
primary outcome was the safety and tolerability of VRC07-523LS, assessed by dose, route, and
number of administrations. This study is registered with ClinicalTrials.gov, NCT03015181.

Findings: Between Feb 21, 2017, and September 13, 2017, we enrolled 26 participants,
including 11 (42%) men and 15 (58%) women. Two (8%) participants withdrew from the
study early: one participant in group 1 enrolled in the study but never received VRC07-523LS,
and one participant in group 6 chose to withdraw after a single administration. One (4%)
participant in group 7 received only one of the three scheduled administrations. 17 participants
received intravenous administrations and 8 participants received subcutaneous administrations.
Local and systemic reactogenicity were mild to moderate when reported. The most commonly
reported symptoms following IV administration included malaise or myalgia in three participants
(18%) and headache or chills in two participants (12%). Following SC administration, the most
commonly reported symptoms included pain and tenderness in four participants (50%) and
malaise or headache in three participants (38%). No serious adverse events or dose-limiting
toxicities occurred.

Interpretations: We found VRC07-523LS to be safe and well tolerated. These qualities make
VRCO07-523LS a strong and practical candidate for inclusion in HIV-1 prevention and therapeutic
strategies. The results from this trial also indicate that an HIV-1 bnMADb engineered to improve
pharmacokinetic properties and neutralization activity can be safe for clinical use.

Introduction

The advent of technology to rapidly select and isolate immunoglobulin genes from
individual B cells, along with the discovery of individuals producing broad and potently
neutralizing antibodies, has led to the identification of broadly neutralizing monoclonal
antibodies (bnMAbs) for HIV-1. These bnMADbs bind to distinct sites on the HIV-1 envelope
(Env) protein including the CD4-binding site, V1/V2 apex, glycan-V3 region, membrane
proximal external region (MPER), and the interface between gp120 and gp41.1~4 Some of
the bnMAbs are being manufactured for evaluation as interventions for HIV-1 prevention,
treatment, and cure.l 5 6 Preclinical studies of nonhuman primates (NHPs) have shown that
bnMADbs can both prevent infection in naive animals and lower viral loads during chronic
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infection.>~7 This ability to temporarily reduce viral loads has been recapitulated in HIV-1
infected humans.8-13

VRCO01 is a bnMADb targeting the CD4-binding site that neutralizes 80-90% of circulating
HIV-1 strains.1: 7: 1415 |t was one of the first bnMAbs for which the human safety

and pharmacokinetic profiles were established in both HIV-1 infected and uninfected
populations,8 9 16.17 and has subsequently advanced into two randomized phase 2b efficacy
trials to assess prevention of HIV-1 infection in high-risk populations (NCT02568215,
NCT02716675). VRCO1 was later modified with the “LS” mutation: a two amino acid
substitution (M428L and N434S) in the Fc region of the antibody to create VRCO1LS.

This change increases binding affinity to the neonatal Fc receptor in a pH dependent
manner, thereby prolonging the antibody’s serum persistence by enhancing 1gG recirculation
mechanisms.18 The LS mutation also leads to increased localization and persistence of
antibodies in mucosal tissue in NHP studies, which may improve protection against HIV-1
infection.18 VRCO1LS has displayed a strong safety profile in a clinical trial involving
HIV-1 negative adults while maintaining its ability to neutralize virus after administration.1®
The experiences with VRCO1 and VRCO1LS provided evidence that passive infusion of
HIV-1 bnMADs is safe, with proof that further optimization of bnMAbs can provide
advantageous pharmacokinetic properties. In addition to enhanced serum persistence,
increased breadth and potency of viral neutralization are also highly desirable traits, and
efforts continue to discover improved bnMADs to advance into product development for
eventual licensure.

VRC07-523LS is a second generation bnMADb that is an engineered variant of a clonal
relative of VRCO1. This clonal relative, called VRCO07, contains a four amino acid insertion
in the heavy chain CDR3 and 16 additional amino acid mutations in the heavy chain
variable domain compared to VRCO01. VRCO07 was then extensively engineered to improve
potency, breadth, expression, and biophysical properties, and modified to include the LS
mutation.” The resulting bnMAb, VRC07-523LS, is approximately 5-fold more potent
than VRCO1 against clade B and C viruses and displays greater breadth, neutralizing

95% of viruses tested, and provides protection of NHPs in a SHIV challenge model at
lower concentrations than VRC01LS.1: 7- 20 Based on preclinical neutralization and NHP
protection data, the Vaccine Research Center (VRC), National Institute of Allergy and
Infectious Diseases (NIAID), National Institutes of Health (NIH), examined the safety,
tolerability, and pharmacokinetic parameters of VRC07-523LS in healthy adults in this
phase 1 clinical trial.

Study Design

We evaluated VRCO07-523LS in an open-label, dose-escalation study in healthy HIV-1
negative adults (ClinicalTrials.gov NCT03015181). We conducted the study at the NIH
Clinical Center by the VRC Clinical Trials Program in Bethesda, MD, USA. The NIAID
Institutional Review Board reviewed and approved the clinical trial protocol.
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Volunteers were recruited from the greater Washington, DC, region by IRB approved written
and electronic media. We enrolled healthy, HIV-1 negative adults between the ages of

18 to 50 meeting the inclusion criteria of being in good general health through clinical
laboratory tests, medical history, and physical examination. Participants agreed to adhere to
reduced risk sexual behavior. Exclusion criteria included previous receipt of a licensed or
investigational monoclonal antibody, body weight greater than 115 kg, history of a severe
allergic reaction likely to recur on study, poorly controlled hypertension, or receipt of any
investigational study agent within 28 days prior to enroliment. Volunteers provided written
informed consent prior to participation.

We based the dose groups on previous bnMADb trials (Figure 1).16: 12 Four groups received
a single IV administration of 1, 5, 20, or 40 mg/kg of VRC07-523LS (Figure 1), and

one group received a single 5 mg/kg SC administration. Two groups received three
administrations at 12-week intervals: 20 mg/kg IV or 5 mg/kg SC. Interim safety reviews
occurred prior to each dose-escalation. Volunteers self-selected into open groups during
enrollment without randomization. Group sizes (3-5 individuals) were calculated to capture
serious adverse events (SAEs) and were comparable with other bnMAD phase 1 trials.

VRCO07-523LS (VRC-HIVMABO075-00-AB) was produced in a Chinese Hamster Ovary
(CHO) DG44 cell line under current Good Manufacturing Practices (cGMP),2 at the VRC
Pilot Plant operated under contract by the Vaccine Clinical Materials Program, Leidos
Biomedical Research, Inc., Frederick, MD. Investigators identified the original VRC07
heavy chain by next-generation sequencing of antibody gene transcripts in the VRCO01 donor
and paired it with the VRCO1 light chain.” The allotype of the antibody was modified to
GM1,17. Additional mutations that define the 523 designation include a G54H mutation in
the heavy chain, and a deletion of the first two amino acids (glutamic acid and isoleucine)
and a VV3S mutation in the light chain.” The LS mutation was introduced by site-directed
mutagenesis as previously described.18

An NIH Clinical Center pharmacist individually prepared all administration doses. For
intravenous (1) administration, the calculated volume of the weight-based dose of VRC07-
523LS was added to 100mL of 0-9% sodium chloride. Investigators administered 1V
infusions over 30-minutes using a volumetric pump, and administered subcutaneous (SC)
weight-based doses into the abdomen by needle and syringe. The maximum SC volume
was 2:5 mL per site. A study clinician monitored all product administrations, and obtained
safety laboratory tests from participants prior to administration and throughout the study.
Volunteers recorded solicited symptoms for three days after each administration and a
clinician assessed the local site on the day of administration, the following day, and one
week after. Clinicians recorded all adverse events (AEs) for 56 days after administration,
and reported SAEs and new chronic medical conditions throughout the study. Clinicians
coded AEs using the Medical Dictionary for Regulatory Activities (MedDRA) and graded
severity using Version 20 of the DAIDS Table for Grading the severity of Adult and
Pediatric Adverse Events. We followed participants for 24 weeks after the last VRC07-
523LS administration.
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We evaluated all participants for IgG1 GM (gamma marker) allotypes 1/a, 3/f, and 17/z.

The GM3 and GM17 polymorphisms are located on the CH1 domain of the antibody,

while GM1 is located on the CH3 domain. We used Sanger DNA sequencing for the
determination of GM3 and GM17 allotypes using an ABI PRISM 3730xI DNA Analyzer.
The CH1 region of -y1 chain was amplified using 5> CCCCTGGCACCCTCCTCCAA 3’
and 5° GCCCTGGACTGGGGCTGCAT 3’ primers.22 We determined the GM1 marker from
serum samples by a standard hemagglutination-inhibition method.23

We quantified the VRC07-523LS serum concentrations as previously described using a
Beckman Biomek-based automation platform to perform an anti-idiotype capture ELISA
method.16 We analyzed threefold dilutions, from 1:100 to 1:218,700, in duplicate. We
quantified sample concentrations using a linear regression of a standard curve of VRC07-
523LS covering a range between 5-125 ng/mL.

We collected pharmacokinetic (PK) samples from participants for up to 24 weeks after the
last dose. For the non-compartmental analysis, we calculated area under the concentration
versus time curve (AUC) using the trapezoidal method following the first dose. We took
the maximum serum concentration (Cpax), time to maximum serum concentration (Tmay),
week four serum concentration (Cogp), and week 12 serum concentration (Cgyp) from the
observed data. We determined the terminal slope (Az) and associated half-life from the
concentration time profile using Phoenix-WinNonlin 7-0 (Certara, Princeton). We calculated
AUC;ns as the sum of the observed AUC up to the final concentration (AUCps) plus

the AUC after the final concentration (AUCc)ast-inf) Where AUCcast-inf Was estimated as
Clast/Az. Partial AUCs for 12 weeks after the first and third doses (AUCq_gap) Were used to
assess accumulation. We also fit PK data to a standard two-compartment model (ADVAN4,
TRANS4) using the computer program NONMEM 7-3 (ICON, Dublin). We estimated

the compartmental elimination half-life (t1/2p), clearance (CL), and apparent (CL/F) using
the posthoc empiric Bayesian subroutine. Due to the small number of volunteers, we
assumed population PK parameters to be proportional to body weight and we did not
perform any formal covariate assessment of population PK parameters. We also performed
simulations of serum concentrations over the course of 24 weeks after a single matched
dose of VRCO01,16: 17 VRC01LS,19 and VRC07-523LS based on a hypothetical efficacy
trial study population.24 We graphed predicted coverage against clade C and multi-clade
HIV-1 panels over time; and we predicted coverage for a virus if the geometric mean serum
concentration at a specific time point was 100-fold greater than the viral in vitro inhibitory
concentration 50% (1Csp) or 80% (ICgg) values.29: 25 We based the 100-fold estimate on the
NHP SHIV-challenge model, where protection is achieved by CD4 binding-site bnMADs if
serum antibody concentrations are approximately 50 to 100-fold higher than the measured
ICs of the challenge virus.® We considered viruses resistant if the I1Csq or 1Cgg was greater
than 10 mcg/mL.

We assessed the neutralization ability of serum samples using a single-round HIV-1
Env-pseudovirus infection of TZM-bl target cells as previously described.26 We tested
sera against a multi-clade panel of 20 viral strains spanning a range of neuralization
sensitivities for VRC07-523LS, VRCOLLS, and VRCO1. The panel included 2 viruses
each from clade A (Q23:17, BG505 W6M_C2), clade B (PVO-04, THRO-18), clade D
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(57128-vrcl5, 3016-v5 -c45), and clade AE (CNE59, BJOX028000-10 -3); and 12 from
clade C (DU156:12, MW965-26, ZM53-12, 6322-v4 -C1, CAP210, CAP382:2 -00_D7-19,
Ce704810053_2B7, 21369737_G11_F2, CT565_C7-48, 21197826_V1, 21561324_D3_BS,
21492713_B11 E3). We emphasized clade C as these viruses account for up to half of
global HIV-1 infections.2? We included negative (MuLV, SIVMAC251-30) and positive
controls in all assays. We tested a subset of human sera from this clinical trial and from
matched doses from previous trials of VRCO01 and VRCO1LS in healthy adults.16: 19 The
same VRCO1 and VRCO1LS samples from previous trials were used for the neutralization
comparisons and PK comparisons. We displayed results as the dilution that produced 50%
(IDsgp) or 80% neutralization (IDgg) against the viruses tested.

Evaluation for the presence of anti-drug antibodies (ADA) followed a tiered approach based
upon the Meso Scale Discovery (MSD) electrochemiluminescence (ECL) homogenous
bridging assay, as previously described.16

The primary outcome examined the safety and tolerability of VRC07-523LS groups
differing by dose, route, and number of administrations. The secondary objectives evaluated
the pharmacokinetics of VRC07-523LS through 24 weeks after the last dose, and whether
anti-drug antibodies are detected following administration. This study is registered with
ClinicalTrials.gov, NCT03015181.

Role of the Funding Source

Results

The VRC funded the study and its investigators had complete control over study design, data
collection, data analysis, data interpretation, and writing of the report. The corresponding
author had access to all the data in the studies and final responsibility for the decision to
submit for publication.

We enrolled 26 volunteers between February 21 and September 13, 2017 (Figure 1),
including 11 (42%) males and 15 (58%) females (Table 1). The last participant visit for

the trial occurred on July 10, 2018. Twenty-three (88%) volunteers received all VRCO7—
523LS administrations and completed follow-up visits. Two (8%) volunteers withdrew from
the study early: one volunteer in group 1 enrolled in the study but never received VRC07—
523LS and one in group 6 chose to withdraw after a single administration. One (4%)
participant in group 7 received only one of the three scheduled administrations due to an
unrelated intercurrent illness but otherwise remained active in the study.

A total of 41 administrations of VRC07-523LS occurred during the study. VRC07-523LS
was safe and well tolerated, with no SAEs or dose-limiting toxicities. All reported local and
systemic reactogenicity was mild to moderate in severity (Table 2). Investigators determined
six AEs to be possibly related to VRC07-523LS administration. One participant in group

5 exhibited grade 1 dizziness on the day of infusion, and one in group 7 reported grade

1 abdominal pain the day after infusion. Two volunteers (one each in groups 5 and 7)
displayed either grade 1 or grade 2 infusion reactions following each administration, with
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symptoms typical of those observed following receipt of monoclonal antibodies: fever,
chills, myalgia, nausea, and headache.2” Sera collected from the group 7 participant after
each infusion were analyzed in a post-hoc analysis and showed an elevation of serum
cytokines including TNF-a, IL-6, and IL-13 (Appendix p-2). Importantly, the levels of
histamine, tryptase, IFN-y, sIL-2R, IL-1p, IL-2, IL-4, IL-5, IL-8, IL-10, IL-12, and IL-17
remained within normal levels, and the reaction grade decreased in this participant from
grade 2 during the first two infusions to grade 1 during the final infusion. There were no
symptoms of hypotension, urticaria, bronchospasm, or other symptoms of severe infusion
reactions. Clinicians treated both volunteers symptomatically with acetaminophen and
ibuprofen. All symptoms resolved within 8 hours without increased monitoring required.

We analyzed the sera from all participants who received VRC07-523LS to determine the
PK parameters of the antibody following both IV (17 participants) and SC (8 participants)
administration. Maximum (Cpax) and 12-week (Cgyp) serum concentrations increased
proportionally with IV doses from 5-40 mg/kg (Figure 2A, B, Table 3). The time after
infusion where the maximum serum concentration (Tpax) was measured occurred within
the first few hours after IV administration, and approximately 10 days following SC
administration, similar to ranges previously observed for VRC01LS.1?

In the IV groups, the elimination half-life (t1/2p) was 38+12 days with a clearance rate (CL)
of 94+22 mL/day (Table 3). In the SC groups, the ty/,5 Was 33+8:9 days with a CL/F of
184+52 mL/day. The lower AUC following SC administration and difference between CL
and CL/F indicate that the SC bioavailability is approximately 50%. An accumulation in
12-week trough serum concentration occurred following multiple administrations for both
the 1V and SC routes, with a 50-60% increase in Cggp Serum concentrations between the
first and third dose, although Cpax and AUCy_gap remained consistent (Figure 2C, Table
3).

To compare the PK profile of VRC07-523LS to previously published results with bnMAbs
VRCO01 and VRCO1LS, we compared the serum concentrations of VRC0O7-523LS in
subjects who received a single dose of 20 mg/kg IV or 5 mg/kg SC to matching dose

groups of VRCO1LS and VRCO1 from previous trials in healthy adults in a post hoc analysis
(Appendix p-3).16: 19 For both dosing regimens, serum concentrations of VRC07-523LS
remained consistently higher than levels previously observed for VRCO1 but lower than
levels previously observed for VRCO1LS. At 12 weeks after a single administration of 20
mg/kg 1V, we found VRC07-523LS serum concentrations to be 9-0-fold higher than VRCO01
and 3-8-fold lower than VRCOLLS. At 12 weeks after a single dose of 5 mg/kg SC, we
found VRCO07-523LS serum concentrations to be 8-2-fold higher than 2 doses of VRCO01
(administered at weeks 0 and 4) and 3-5-fold lower than a single VRCO1LS dose.

We also analyzed the IgG1 allotypes of each subject for possible influence on
pharmacokinetics. These antigenic determinants are located on IgG heavy chains and can
affect the PK of antibodies through differing FcRn affinities.28 No significant allotypic
effects on the PK parameters of the participants were observed following VRC07-523LS
administration in our small study population.
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We further assessed trial participants for anti-drug antibody (ADA) development following
VRCO07-523LS administration (Appendix p-4). We tested samples at baseline and after the
final administration of VRCO07-523LS in all groups. We did not detect ADA in any sample
after administration of VRC07-523LS.

VRCO07-523LS has displayed increased potency and breadth compared to VRCOL1 in
multiple in vitro neutralization panels, particularly against clade C viruses.l: 7 To

confirm that VRCO7-523LS retained its enhanced neutralization characteristics following
administration, we tested sera from the 20 mg/kg 1V and 5 mg/kg SC dose groups

over the first 24 weeks after administration against a panel of 20 genetically diverse

HIV-1 Env-pseudoviruses (Appendix p-5). We chose the 5 mg/kg SC and 20 mg/kg

IV groups for this analysis as these regimens are the most likely to move forward as
therapeutic interventions. Overall, the VRCO07-523LS retained its neutralization activity
after administration (Appendix p-6). We also included human sera from previous trials
containing matched doses of either VRCO1 or VRCOLLS for comparison in a post hoc
analysis.16: 19 Sera containing VRC07-523LS displayed equivalent or greater neutralization
than sera containing VRCO1 or VRCO1LS, even at time points where the absolute serum
concentrations of VRC07-523LS were lower than VRCOLLS (Figure 3, Appendix p-7-16).
To assess the neutralization breadth of the human serum samples, we included several
VRCO01- and VRCO1L S-resistant viruses in the panel (Appendix p-5). VRC07-523LS
neutralized several of these resistant viruses, exemplified by pseudoviruses 21369737,
6322-v4 -C1, and 57128 VR (Figure 3, Appendix p-7, 9-12). This increased neutralization
was even maintained at week 12, when the serum concentrations of VRC07-523LS were
lower than VRCOLLS (Appendix p-13-16). Therefore, the enhanced neutralization capacity
of VRC07-523LS observed in vitro remained following both 1V and SC administration in
our 20 virus panel.

In order to extend the comparison between VRC07-523LS, VRCO1LS, and VRCO01, we
performed PK modeling to predict serum concentration over time for each antibody.16:

19, 24 \\e then used the serum concentrations to predict neutralization coverage for each
antibody over the first 24 weeks following a single administration in a post hoc analysis.
We performed this modeling for two large panels of HIV-1 viruses that each contain
approximately 200 HIV-1 strains: an acute/early clade C virus panel, and a diverse
multi-clade virus panel (Figure 4, Appendix p-17).20: 25. 29 Notably, VRC07-523LS and
VRCO1LS, with extended half-lives, display substantially improved coverage over time
compared to VRCO01, highlighting the importance of antibody persistence. Overall, VRC07-
523LS displayed greater predicted coverage compared to VRCO1LS (Figure 4, Appendix
p-17). We observed this pattern at all time points on the clade C panel. In the multi-clade
panel, the superior coverage of VRC07-523LS remained through approximately 20 weeks
after a single 20 mg/kg IV dose, and 12 weeks after a single 5 mg/kg SC dose. This

loss of superiority in breadth of coverage for VRC07-523LS can also be observed in in
the 5 mg/kg SC group on our 20 virus panel (BG505_W6M_C2, Q23.17, and 3016_V5)
beginning around week 12 (Figure 3). These analyses indicate that VRC07-523LS would
provide improved neutralization potency and breadth compared to VRCOLLS, even with
lower absolute serum concentrations.
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Discussion

VRCO07-523LS is the first HIV-1 bnMADb engineered for improved breadth and potency
that has been evaluated in humans. This phase 1 clinical trial provides evidence that
VRCO07-523LS has a favorable safety and pharmacokinetic profile and demonstrates key
neutralization improvements over VRCO1 and VRCOLLS. There were no dose-limiting
toxicities or SAEs during the trial, and local and systemic symptoms were mild to moderate
in severity. Infusion reactions in two subjects showed typical self-limited symptoms
requiring only minimal conservative intervention, and an investigation into their underlying
etiology showed cytokine elevations commonly seen with infusion reactions from licensed
monoclonal antibodies.3% VRC07-523LS displayed a serum half-life of 38 days after

IV administration and 33 days after SC administration. Over three administrations,

serum trough concentrations showed successive increases for both SC and IV routes

with a trough serum concentration of 71 ug/mL after three doses of 20 mg/kg IV.
Importantly, VRC07-523LS maintained its neutralizing activity through the course of

the study, and no ADA was detected. One limitation of the current trial is the small

number of subjects typical of phase 1 trials. VRC07-523LS has been advanced into
additional human testing alone and in combination with other bnMADbs including 10E8VLS,
PGT121, and PGDM1400 (NCT03565315, NCT03387150, NCT02840474, NCT02256631,
NCT03721510, NCT03735849).

Absent a vaccine capable of providing robust active immunity against HIV-1, using
bnMADbs to provide passive immunity to at-risk individuals could be an important public
health measure, assuming such bnMAbs can prevent HIV-1 infection at achievable serum
concentrations. Two ongoing randomized, placebo-controlled phase 2b studies are assessing
the potential of an HIV-1 bnMADb to reduce the risk of HIV-1 infection, and additionally
seeking to assess the serum concentration of antibody needed to provide protection

against HIV-1 infection. These Antibody Mediated Prevention (AMP) trials are testing
VRCO1 infused IV every eight weeks at either 10 mg/kg 1V or 30 mg/kg IV to men

and transgender people who have sex with men and sexually active women. The AMP

trials are being jointly conducted by the HIV prevention and vaccine trials networks
(NCT02568215, NCT02716675). There is hope that results from the AMP trials will support
the clinical development of next-generation bnMAbs with improved potency and breadth of
neutralization, and extended serum persistence compared to VRCO1.

Both VRCO1LS and VRCO07-523LS are examples of next-generation bnMADbs that
demonstrate improved pharmacokinetic and neutralization characteristics compared to
VRCO01. The serum half-lives of these modified bnMAbs following IV administration are
38 days for VRC07-523LS and 71 days for VRCO1LS in healthy adults compared to

the 15 day half-life of VRC01.16: 19 While both VRC07-523LS and VRCO1LS contain

the same LS mutation, they display different PK parameters. Additional factors beyond
FcRn binding affinity are also known to affect PK properties of monoclonal antibodies,
including solubility, aggregation, off-target binding, and glycan-mediated clearance and
tissue distribution.3 The choice of the parental bnMAb VRCO7 or the structural engineering
of VRC07-523LS may have affected these or other unknown factors contributing to its
overall half-life. However, the results of this study indicate that the VRC07-523LS half-life,
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while shorter than VRCOLLS, is sufficient to provide overall improved serum neutralization
activity.

Of note, we performed the neutralization analyses for this trial using a well characterized
Env pseudovirus assay which allows for accurate and reproducible data on diverse strains
of HIV-1. This makes the results from the clinical samples more easily comparable

to previously published in vitro panels with purified antibodies. Previous studies have
demonstrated that clinical HIV-1 isolates derived from peripheral blood mononuclear cells
(PBMCs) can be more difficult to neutralize than the related Env-pseudoviruses,32 which
could affect the predicted coverage of these bnMADbs. Importantly, we used the same Env
pseudovirus assay that will be used in the ongoing AMP trials to correlate potential clinical
protection with serum neutralization. Results of those trials may provide an association
between clinical protection and serum neutralization, giving the field a better understanding
of how to assess coverage of neutralizing antibodies.

Ultimately, combination therapy with two or more bnMAbs will likely be more effective
than a single bnMADb alone to potently neutralize more than 95% of diverse viral strains.®:
12 Thus, a major goal for bnMAb-based immunoprophylaxis is to find a combination

of complementary bnMADbs with strong neutralization characteristics and extended serum
persistence that could effectively be used to prevent HIV-1 infection. Additionally,
improved antibody delivery methods to extend dosing intervals, such as using hyaluronidase
to effectively increase the volume of subcutaneous administration,33 may improve the
feasibility of bnMADbs for HIV-1 prevention and treatment. The results from this phase 1
clinical trial indicate that bnMADbs structurally engineered for improved pharmacokinetic
properties and neutralization activity can be safe for clinical use, without evidence of
increased ADA response, and support the notion that VRC07-523LS could be administered
by both the IV and SC routes at extended intervals while maintaining serum levels capable
of neutralizing the majority of HIV-1 viruses. VRC07-523LS should be evaluated further in
HIV-1 infected individuals, and included in future combination trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in Context
Evidence before this study

Monoclonal antibodies (mAbs) targeting the HIV-1 Env protein are under evaluation for
HIV-1 treatment and prevention. On November 14, 2018, we searched PubMed using the
terms “HIV-1" AND “monoclonal antibody” AND “clinical trial”. We excluded reviews,
studies pertaining to HIV-1 antiretroviral or vaccine research, studies involving sera from
HIV-1 chronically infected individuals, and other articles not directly reporting human
clinical trial results involving the administration of human (or humanized) mAbs that
target HIV-1 Env for either prevention or treatment of HIV-1 infection. We found 22
clinical trials in both healthy and HIV-infected adults that met these criteria. Ten of these
trials involved the first generation of isolated human (or humanized) mAbs with limited
breadth against diverse HIV-1 strains (neutralizing less than 40% of strains tested). These
mADbs included 2F5, 4E10, 2G12, F105, hNMO01, and KD-247. All were safe in humans
and most had short elimination half-lives (ranging from 3-13 days, with 2G12 ranging
from 14-22 days) and had limited anti-HIV-1 activity in viremic subjects. Combination
treatments with these antibodies were also largely ineffective at significantly reducing
viral loads in viremic individuals, likely due to the limited potency and breadth of these
initial mAbs. The remaining 12 studies described clinical trials in humans involving more
recently developed broadly neutralizing monoclonal antibodies (bnMAbs) displaying
improved neutralization breadth and potency: VRCO01, VRCOLLS, 3BNC117, and 10—
1074. These bnMADbs were well tolerated in the clinical trials without clear adverse safety
concerns, demonstrated longer elimination half-lives (VRCO1: 15 days, 3BNC117: 17
days, 10-1074: 24 days, and VRCO1LS: 71 days), required less frequent administrations
to maintain serum concentrations above a target threshold, and often resulted in viral
suppression in viremic subjects. In studies involving analytic treatment interruption (ATI)
of antiretroviral therapy, the bnMAbs extended the time to viral rebound by several
weeks compared to control groups. Two of the bnMAbs, 3BNC117 and 10-1074, when
used in combination resulted in significant viral suppression and extended time to viral
rebound following ATI in some subjects.

Added value of this study

Our study evaluated the safety, tolerability, pharmacokinetics, and immunogenicity of
VRC07-523LS, a bnMADb that targets the CD4 binding-site of the HIV-1 Env protein,

in healthy adults. VRC07-523LS is a second generation bnMAD that is engineered for
improved potency, breadth of reactivity, and pharmacokinetic properties. VRC07-523LS
is variant of VRCO07, which is a clonal relative of bnMAb VRCO01. VRC07-523LS

was well tolerated without anti-drug antibodies detected following both 1V and SC
administration, with an elimination half-life of 38 days for IV groups and 33 days for SC
groups. Serum neutralizing capacity in samples from VRCO07-523LS-treated subjects was
superior to subjects treated with equivalent doses of either VRCO01 or VRCO1LS from
previous trials.

Implications of all available evidence
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Monoclonal antibodies against HIV-1 have the ability to neutralize HIV-1 in infected
individuals while remaining safe and well tolerated. Further optimization of parental
antibodies can lead to increased serum persistence with improved neutralization potency
and breadth; characteristics which are retained in the serum of subjects following
administration by either the IV or SC routes. VRC07-523LS is an example of an

isolated bnMADb that demonstrates improved viral neutralization characteristics compared
to previously evaluated bnMADbs, including VRCO1 and VRCO1LS. Future studies are
necessary to evaluate VRC07-523LS for prevention and treatment in HIV-1 infected
individuals, as well as in future combination trials.
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Figure 1. CONSORT diagram for clinical trial VRC 605.
16 participants in groups 1-5 were enrolled to receive one dose of VRC07-523LS, and ten

participants in groups 6—7 were enrolled to receive three doses of VRC07-523LS.
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Figure 2. Serum concentrations (mcg/mL) of VRC07-523LS.
(A) Serum concentrations (mcg/mL) by individual subjects and (B) group geometric mean

titers with error bars indicating the standard deviation after a single administration of
VRC07-523LS, or (C) by individual subject after repeat administrations at weeks 0, 12, and
24. Upward pointing arrows indicate VRC07-523LS administrations. One subject in group
7 (multiple infusions at 20 mg/kg 1) who only received a single dose of antibody was
analyzed with group 4 (single infusion at 20 mg/kg V) subjects.
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Figure 3. Neutralization potency for up to 24 weeks after a single bnMAb administration using a
single round of replication Env-pseudovirus assay.

Reciprocal neutralization titers (IDgg) over time in subjects who received a single
administration of (A) 20 mg/kg 1V or (B) 5 mg/kg SC of VRC07-523LS, VRCO1LS, or
VRCO01. Subjects who received VRCO01 at 5 mg/kg SC received 2 doses of antibody: at
weeks 0 and 4. n=3 for each dose group. Dotted line at 10 indicates limit of detection for the
assay.
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Figure 4. Predicted coverage of VRCO07-523LS, VRCO1LS, and VRCOL1 for the first 24 weeks
after a single administration based on known 1Cgq values.

Predicted coverages shown for either 20 mg/kg 1V (top panels) or 5 mg/kg SC (bottom
panels). The left panels display the percentage of viruses with predicted coverage based on a
panel of acute/early clade C Env-pseudoviruses, while the right panels display the predicted
coverage based on a panel of diverse multi-clade Env-pseudoviruses. Predicted coverage at a
given concentration was defined as the % of viruses for which the 1Csq value was 100-fold
higher than the serum concentration, and a virus was considered resistant if the 1Cgy was
greater than 10 mcg/mL. The solid lines indicate the predicted coverage for each bnMAb
and the dotted lines reference the geometric mean of serum concentrations for hypothetical
efficacy trial subjects in each dose group.
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Table 1.
Demographic characteristics of study participants
Sub- Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Overall
Category | category (n=4) (n=3) (n=3) (n=3) (n=3) (n=5) (n=5) (n=26)
n (%)
Gender Male 2 (50%) 1 (33%) 3 (100%) 2 (67%) 0 (0%) 0 (0%) 3 (60%) 11 (42%)
Female 2 (50%) 2 (67%) 0 (0%) 1 (33%) 3 (100%) 5 (100%) 2 (40%) 15 (58%)
Age 21-30 3 (75%) 2 (67%) 2 (67%) 3 (100%) 1 (33%) 4 (80%) 3 (60%) 18 (69%)
(years)
31-40 1 (25%) 1 (33%) 1 (33%) 0 (0%) 0 (0%) 1 (20%) 1 (20%) 5 (19%)
41-50 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (67%) 0 (0%) 1 (20%) 3(12%)
Mean (SD) 26:5(7:0) | 28:0(9:5) | 30:0(7:0) | 27.0(26) | 400 258 (41) | 300 292 (8:1)
(104) (10-6)
Range [22,37] [22, 39] [25, 38] [24, 29] [28, 46] [22, 32] [22, 48] [22, 48]
Race Asian 1 (25%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (20%) 1 (20%) 3 (12%)
Black or 0 (0%) 1 (33%) 0 (0%) 0 (0%) 1 (33%) 0 (0%) 1 (20%) 3(12%)
African
American
White 2 (50%) 2 (67%) 2 (67%) 2 (67%) 1 (33%) 4 (80%) 3 (60%) 16 (62%)
Multiracial 1 (25%) 0 (0%) 1 (33%) 1 (33%) 1 (33%) 0 (0%) 0 (0%) 4 (15%)
Ethnicity Non- 4 (100%) 3 (100%6) 2 (67%) 2 (67%) 2 (67%) 4 (80%) 5 (100%) 22 (85%)
Hispanic/
Latino
Hispanic/ 0 (0%) 0 (0%) 1(33%) 1 (33%) 1 (33%) 1 (20%) 0 (0%) 4 (15%)
Latino
Mean kg (SD) 758 (46) | 655 894 759 672 552 (7:1) | 761 713 (14-9)
Weight 17-3) (15:0) (11.0) (20-1) (11-4)
Education | High school 1 (25%) 0 (0%) 0 (0%) 0 (0%) 1 (33%) 0 (0%) 0 (0%) 2 (8%)
graduate/GE
D
College/ 2 (50%) 2 (67%) 2 (67%) 2 (67%) 2 (67%) 4 (80%) 4 (80%) 18 (69%)
University
Advanced 1 (25%) 1 (33%) 1 (33%) 1 (33%) 0 (0%) 1 (20%) 1 (20%) 6 (23%)
degree

SD= standard deviation
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Table 2.
Maximum local and systemic reactogenicity by group after administration of VRC07-523LS
1V Administration SC Administration
Group Group Group Group Group 7 (20 mg/kg IV by repeat | Group Group 6 (5 mg/kg SC by
Symptom | 1(1 2(5 4 (20 5 (40 dosing) 305 repeat dosing)
Intensity | mg/kg mg/kg mg/kg mg/kg mg/kg
1V) 1V) 1Vv) 1V) SC)
=3 | 0= | 0=9 [ 0= | 0=5) | =) | 0=0) | 0= | 0=9) | 0=0) | (o)
n (%)
LOCAL REACTOGENICITY
PAIN/TENDERNESS?
None 3 3 3 3 5(100%) | 4 (100%) 4 2 2 1 2 (50%)
(100%) | (100%) | (100%) | (100%) (100%) | (67%) (40%) (25%)
Mild 0 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0 (0%) 1 3 3 2 (50%)
(0.0%) (33%) (60%) (75%)
BRUISING?
None 3 3 3 3 4(80%) | 4(100%) 4 3 5 4 4
(100%) | (100%) | (100%) | (100%) (100%) | (100%) | (100%) | (100%) | (100%)
Mild 0(0%) | 0(0%) | 0(0%) | 0(0%) | 1(20%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%)
SWELLING
None 3 3 3 3 5(100%) | 4 (100%) 4 3 5 4 4
(100%) | (100%) | (100%) | (100%) (100%) | (100%) | (100%) | (100%) | (100%)
REDNESS®
None 3 3 3 3 5(100%) | 4 (100%) 4 3 5 4 3 (75%)
(100%) | (100%) | (100%) | (100%) (100%) | (100%) | (100%) | (100%)
Mild 00%) | 0(00%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 00%) | 000%) | 0(0%) | 0(%) | 0(%)
Moderate | 0(0%) | 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 1(25%)
PRURITUS
None 3 3 3 3 5(100%) | 4 (100%) 4 3 5 4 4
(100%) | (100%) | (100%) | (100%) (100%) | (100%) | (100%) | (100%) | (100%)
ANY LOCAL SYMPTOM
None 3 3 3 3 4(80%) | 4 (100%) 4 2 2 1 1 (25%)
(100%) | (100%) | (100%) | (100%) (100%) | (67%) (40%) (25%)
Mild 0(0%) | 0(0%) | 0(0%) | 0(0%) | 1(20%) 0 (0%) 0 (0%) 1 3 3 2 (50%)
(33%) | (60%) | (75%)
Moderate | 0(0%) | 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 1(25%)
SYSTEMIC REACTOGENICITY
MALAISE?
None 3 3 3 2 3(60%) | 3(75%) 3 3 2 4 4
(100%) | (100%) | (100%) | (67%) (75%) | (100%) | (40%) | (100%) | (100%)
Mild 0(0%) | 0(0%) | 0(0%) | 0(0%) | 2 (40%) 1 (25%) 1 0 (0%) 3 0(0%) | 0(0%)
(25%) (60%)
Moderate | 0(0%) | 0(0%) | 0(0%) 1 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%)
(33%)
MYALGIAZ

Lancet HIV. Author manuscript; available in PMC 2024 May 17.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gaudinski et al. Page 23
IV Administration SC Administration
Group Group Group Group Group 7 (20 mg/kg 1V by repeat | Group Group 6 (5 mg/kg SC by
Symptom | 1(1 25 4 (20 5 (40 dosing) 3056 repeat dosing)
Intensity | mg/kg mg/kg mg/kg mg/kg mg/kg
1V) 1V) 1V) 1V) SC)
=3 [ =9 [ 0=9) [ 09 | =5 | =) | =9 | =9 | 09 | 0=0) | (=9
n (%)
None 3 2 3 2 4 (80%) 3(75%) 3 3 3 4 4
(100%) | (67%) | (100%) | (67%) (75%) | (100%) | (60%) | (100%) | (100%)
Mild 0 (0%) 1 0 (0%) 1 1 (20%) 125%) | 0(0%) | 0(0%) 2 0(0%) | 0(0%)
(33%) (33%) (40%)
Moderate | 0(0%) | 0(0%) | 0(0%) | 0(0%) 0 (0%) 0(0%) e 510/) 0(0%) | 0(0%) | 0(0%) | 0(0%)
0
HEADACHE?
None 3 3 3 2 4(80%) | 3(75%) 4 3 3 3 4
(100%) | (100%) | (100%) | (67%) (100%) | (100%) | (60%) (75%) | (100%)
Mild 0(0%) | 0(0%) | 0(0%) 1 1 (20%) 1(25%) | 0(0%) | 0(0%) 2 1 0 (0%)
(33%) (40%) (25%)
CHILLS?
None 3 3 3 2 4 (80%) 3 (75%) 3 3 4 4 4
(100%) | (100%) | (100%) | (67%) (75%) | (100%) | (80%) | (100%) | (100%)
Mild 0(0%) | 000%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) 1 0(0%) | 0(0%)
(20%)
Moderate | 0(0%) | 0(0%) | 0(0%) 1 1 (20%) 1 (25%) 1 0(0%) | 0(0%) | 0(0%) | 0(0%)
(33%) (25%)
NAUSEAZ
None 3 3 3 2 5(100%) | 4 (100%) 4 3 4 4 4
(100%) | (100%) | (100%) | (67%) (100%) | (100%) | (80%) | (100%) | (100%)
Mild 0(0%) | 0(0%) | 0(0%) | 0(0%) 0 (0%) 0 (0%) 0(0%) | 0(0%) o 010/) 0(0%) | 0(0%)
0
Moderate 0(0%) | 0(0%) 0 (0%) e 310/) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (%)
0,
TEMPERATURE®
None 3 3 3 2 4(80%) | 4 (100%) 4 3 5 4 4
(100%) | (100%) | (100%) | (67%) (100%) | (100%) | (100%) | (100%) | (100.%)
Mild 0(0%) | 0(0%) | 0(0%) . 3}0/) 0 (0%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%)
0
Moderate | 0(0%) | 0(0%) | 0(0%) | 0(0%) | 1(20%) 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%)
JOINT PAIN?
None 3 3 3 2 5 4 3 3 3 4 4
(100%) | (100%) | (100%) | (67%) | (100.0%) | (100.0%) | (75%) | (100%) | (60%) | (100%) | (100%)
Mild 0(0%) | 0(0%) | 0(0%) 1 0(0.0%) | 0(0.0%) | 0(0%) | 0(0%) 2 0(0%) | 0(0%)
(33%) (40%)
Moderate | 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0.0%) | 0(0.0%) 1 0(0%) | 0(0%) | 0(0%) | 0(0%)
(25%)
ANY SYSTEMIC SYMPTOM
None 3 2 3 2 3(60%) | 3(75%) 3 3 1 3 4
(100%) | (67%) | (100%) | (67%) (75%) | (100%) | (20%) (75%) | (100%)
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1V Administration SC Administration

Group Group Group Group Group 7 (20 mg/kg 1V by repeat | Group Group 6 (5 mg/kg SC by
Symptom | 1(1 25 4 (20 5 (40 dosing) 3056 repeat dosing)
Intensity | mg/kg mg/kg mg/kg mg/kg mg/kg

1v) 1v) V) 1v) SC)

=3 [ =9 [ 0=9) [ 09 | =5 | =) | =9 | =9 | 09 | 0=0) | (=9
n (%)
Mild 0 (0%) 1 0 (0%) 0 (0%) 1 (20%) 0 (0%) 0 (0%) 0 (0%) 4 1 0 (0%)
(33%) (80%) (25%)
Moderate | 0(0%) | 0(0%) | 0(0%) 1 1(20%) | 1(25%) 1 0(00%) | 0(0%) | 0(0%) | 0(0%)
(33%) (25%)

There were no severe reactions throughout the trial. I\V= intravenous, SC= subcutaneous

a, . . L . . . . h . ’ .
Symptoms of pain, malaise, myalgia, joint pain, headache, or chills causing no or minimal interference with usual social and/or function activities
were graded as mild (grade 1), and moderate (grade 2) if subjects could still perform those activities but with greater than minimal interference.

bMiId (grade 1) bruising indicated a maximum diameter of between 2.5 and 5 cm.

DModerate (grade 2) bruising indicated a maximum diameter of between 5 and 10 cm.

Mild (grade 1) nausea was transient or intermittent with no or minimal interference with oral intake, while moderate (grade 2) nausea was
persistent resulting in decreased oral intake for 1-2 days.

61Mild (grade 1) fever reached a maximum temperature between 38.0°C and 38.6°C, while moderate (grade 2) fever reached a maximum
temperature between 38.6°C and 39.3°C.
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Table 3.

Pharmacokinetic parameters after administration of VRC07-523LS

Page 25

Maximum serum 12 week serum
conc. Cyax 4 week conc. Cgsp AUC2 [mcg*d/mL]
Group and [mcg/mL] Tmax seru(;n [mcg/mL] CL [mbL/ tirog
Dose days conc. Cagp da days
Dose 1 Dose [days] [mecg/mL] Dose 1 Dose Dose 1 Dose 3€ V] [days]
3¢ 3¢
Mean (SD)
Single dose
5 mg/kg SC 2,189
(nr:”g)/ g 50 (11) 10 (9:5) 31y | 71@3) 300) 226(54) | 36(67)
1 mg/kg IV 07 (0-5) 14 (7-5) 3:8(0:7) 1,381
(n=3) 47 (16) (325) 70 (20) 48 (26)
5 mg/kg IV 0-04 4,551
(n=3) 240 (35) (0:02) 57 (11) 12 (1.8) (902) 78 (18) 32(11)
20 mg/kg IV 869 0:3(0-4) 13,748 45 (5-2)
(n=4) (190) 148 (28) 44 (14) (1.853) 110 (19)
40 mg/kg IV 1,630 0-04 25,517 )
(n=3) (649) 002) 272 (52) 85 (30) (5.097) 105 (14) | 42(51)
Multiple doses
5 mg/kg SC 5.7 (50) 6:3(15) 98 1,440 1,671
(n=5) 38(17) | 37(12) 25 (13) (2:5) (563) (443) 158 (34) 31 (10)
20 mg/kg IV 1,196 799 0-04 14,760 13,573 27 (1-8)
(n=4) (74) (98) (0-02) 242 (51) 46 (13) | 71(29) (2,646) (1,115) 101 (15)
Overall
SC groups 33(8:9)
(n=8) 184 (52)
1V groups
(n=17) 94 (22) 38(12)

IV= intravenous, SC= subcutaneous

PK parameters shown for all subjects who received at least one administration of VRC07-523LS, and represent the first dose only PK except for
t1/2p and CL (calculated from all doses). One subject in group 7 (multiple doses at 20mg/kg 1) who only received a single dose of antibody was

analyzed with group 4 (single dose at 20mg/kg 1V) subjects.

aAUCinf shown for single dose groups, and AUCg84D shown for repeat dose groups. AUCjnf was taken as the sum of the observed AUC up to the
final concentration (AUCqps) plus the AUC after the final concentration (AUCC|ast-inf) where AUCC|ast-inf was estimated as C|ast/lz.

b, . R
Value following SC administration represents CL/F.

cVaIues calculated from 4 subjects per group.
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