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Duke University School of Medicine, Durham, NC, USA
HVTN 130/HPTN 089 Study Team

SUMMARY

Background—->Preclinical and clinical studies suggest that combinations of broadly neutralizing
antibodies (bnAbs) targeting different HIV envelope epitopes may be required for protection.
The Phase 1 trial HVTN 130/HPTN 089 (Clinical Trials.gov NCT03928821) evaluated the safety,
pharmacokinetics (PK) and functional activities of dual and triple anti-HIV bnAb combinations.

Methods—Adults without HIV were enrolled and randomized from July 31 to December 20,
2019 into three dual-bnAb treatment arms simultaneously, or the triple-bnAb arm, receiving 20
mg/kg of each antibody administered intravenously (1V) at four US sites (Fenway Health Clinical
Research Site [CRS] in Boston, Harlem Prevention Center CRS in New York, Nashville CRS,

and Columbia Physicians & Surgeons CRS in New York). Participants received a single dose

of PGT121 + VRCO07-523LS (n=6), PGDM1400 + VRC07-523LS (n=6), or 10-1074 + VRCO7-
523LS (n=6), and two doses of PGDM1400 + PGT121 + VRC07-523LS (n=9). Primary outcomes
were safety, pharmacokinetics and neutralizing activity. Adverse events were determined by clinic
staff monitoring, laboratory measures of safety, and participant diaries. bnAb serum concentrations
were measured by binding antibody assays and serum neutralization titers by pseudovirus assays
using viruses that were sensitive to a specific bnAb and viruses sensitive to multiple bnAbs in

the combinations. PK parameters were estimated using two-compartment population PK models;
combination bnAb neutralization titers were directly measured and assessed using different
interaction models.

Findings—Twenty-seven participants were enrolled; median age was 26 (range 19-50), 16
participants were assigned female sex at birth, and 24 were non-Hispanic white. Infusions

were well tolerated. There were no statistically significant differences in PK patterns between
the dual and triple combinations of PGT121, PGDM1400 and VRC07-523LS. The median
estimated elimination half-lives of PGT121, PGDM1400, 10-1074, and VRC07-523LS were
32:2,25-4, 27-5, and 52-9 days, respectively. Neutralization coverage was greater in the triple- vs
dual-bnAb arms. The Bliss-Hill multiplicative interaction model, which assumes complementary
neutralization with no antagonism or synergism amongst the bnAbs, best described combination
bnAb titers in the dual- and triple-bnAb arms.

Interpretation—No PK interactions amongst the bnAbs and no loss of complementary
neutralization were observed in the dual and triple combinations. This study lays the foundation
for designing future combination bnAb HIV prevention efficacy trials.

Funding—Funding was provided by the National Institute of Allergy and Infectious Diseases
(NIAID), National Institute on Drug Abuse (NIDA), the National Institute of Mental Health
(NIMH), and the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD).

INTRODUCTION

HIV remains an important public health concern with estimated global prevalence of 37.9
million infected persons worldwide and 1-5 million new HIV infections in 2020 [1]. Despite
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extraordinary advances in HIV treatment, testing, and prevention, challenges to achieving
meaningful and lasting impact on HIV incidence remain. Effective biomedical HIV
prevention options that are safe, less dependent on individual adherence, and have sustained
effectiveness are urgently needed. Passive immunization with monoclonal antibodies (mAb)
is an important HIV prevention option that will potentially require dosing only a few times
a year and eliminate the need for an individual’s daily or event-driven adherence. If the
effectiveness and durability of mAbs are similar to other forms of long-acting preexposure
prophylaxis (PrEP), they would offer additional choices in the prevention toolbox.

A minority of individuals living with HIV develop broadly neutralizing antibodies (bnAbs)
within 2 to 3 years after infection. Over the last decade, dozens of such antibodies have

been identified and their target sites and mechanisms of action have been described [2-4],
paving the way to their evaluation as a passive immunization HIV prevention strategy. These
antibodies bind to highly conserved regions of the HIV envelope (Env) such as the CD4
binding site (CD4bs) (e.g., 3BNC117, VRC07-523LS and N6), as well as other sites of
vulnerability on the HIV-1 Env protein: V3 glycan (10-1074 and PGT121), the membrane-
proximal external region (MPER) of gp41 (10E8), and the V2 glycan ( PGDM1400 and
CAP256-VRC26.25) [3].

Over time, bnAbs with improved breadth and potency have been identified, and modified
antibodies have been engineered to extend antibody half-life or augment effector function
[2, 5, 6]. Two seminal, proof-of-concept Antibody Mediated Prevention (AMP) trials
demonstrated that a single bnAb (VRCO1) targeting the CD4bs could prevent infection
with highly sensitive HIV strains [7]. Overall, prevention efficacy was low given the
predominance of resistant strains [7]. These data suggest that similar to combination
antiretroviral therapy, either a combination of complementary antibodies binding different
epitopes, or a single molecule engineered to bind two or three epitopes (bispecific or
trispecific bnAbs) [8], will be needed to increase breadth and potency and to limit viral
resistance to ultimately enhance the prevention potential of these agents [9, 10].

Defining optimal combinations of bnAbs is an area of active investigation. While many
studies reporting the safety of single monoclonal Ab therapy for HIV prevention in humans
have been published [11-13], data on combination bnAbs remain limited. Early studies have
suggested dual and triple combinations are safe and well tolerated [14-16]. The bnAbs
VRC07-523LS, PGDM1400, PGT121, and 10-1074 were selected for this study based on
their neutralization potency, breadth of HIV-1 strain coverage, and their complementarity.
VRCO07-523LS, which targets the CD4bs, was developed from a naturally occurring mAb
and optimized to increase its breadth, potency, and half-life [17]. PGDM1400 protects
against a large number of strains, targets the V2 glycan, and can prevent simian HIV
(SHIV) transmission in nonhuman primates (NHP) [18, 19]. PGT121, which targets the V3
glycan, has high in vitro potency and confers protection in NHP challenge models [19, 20].
Similarly, 10-1074 (also targeting the V3 glycan) has high potency, blocks cell-free virus
transmission, and protects against SHIV in NHP [20-22]. PGDM1400 and PGT121 have
complementary neutralization profiles against global HIV-1 viruses [19, 23].
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We conducted the HIV Vaccine Trials Network (HVTN) 130/HIV Prevention Trials Network
(HPTN) 089 trial to study the safety, tolerability, pharmacokinetics, and antiviral properties
of these four human bnAbs targeting different sites of Env administered in dual and triple
combination therapy.

METHODS

Study design and participants

HVTN 130/HPTN 089 was a randomized, phase 1 study conducted at four centers in

the US (Fenway Health Clinical Research Site [CRS] in Boston, Harlem Prevention

Center CRS in New York, Nashville CRS, and Columbia Physicians & Surgeons CRS

in New York) between July 31, 2019 and March 25, 2021. The primary objective was

to evaluate the safety, tolerability, pharmacokinetics, and serum neutralizing activity of
PGT121, PGDM1400, 10-1074 and VRC07-523LS antibodies when given sequentially

in combinations of two (Treatment 1, 2 and 3: T1, T2, T3) and in a combination of

three (Treatment 4; T4) bnAbs dosed intravenously (1V). Study products were administered
sequentially in the order specified in Figure 1, with a 15- to 30-minute time interval between
individual antibodies. Volunteers were eligible for participation if aged 18 to 50 years,
without HIV-1, in good general health, and not likely to be exposed to HIV during the study
period based on behavior reported within the 12 months before enroliment. Full eligibility
criteria are presented in Supplemental Table 1 (appendix pg. 3).

The study was approved by the Institutional Review Boards of each participating CRS
listed above. All participants provided written informed consent in English. The trial was
overseen by the HVTN Safety Monitoring Board and registered with ClinicalTrials.gov
(NCT03928821). All products were manufactured under current Good Manufacturing
Practice standards.

Randomization and masking

Participants were randomized through a Web-based randomization system and the dual
combination T1, T2, and T3 were randomized in blocks to ensure balance across groups.
Enrollment of the triple combination T4 was contingent on review of safety data from T1-3
and thus T4 was not randomized with T1-3. Participants, clinical study staff and laboratory
program staff were unblinded to participant treatment assignments.

Clinical and laboratory procedures

Clinical procedures and outcomes—~Participants were screened for eligibility and
randomly assigned to a treatment group within 56 days of screening. The first 18
participants were randomly assigned in a 1:1:1 ratio to sequential infusion of PGT121 and
VRC07-523LS (T1), PGDM1400 and VRC07-523LS (T2), or 10-1074 and VRC07-523LS
(T3) on day 0. Following review of safety data, an additional nine participants were assigned
to T4 and received PGDM1400, PGT121, and VRC07-523LS on day 0 and again on day
112. All bnAbs were administered 1V at a dose of 20 mg/kg. The final infusion in HVTN
130/HPTN 089 was administered to the last enrolled participant on March 9, 2020. The
antibodies were infused over 60 minutes at the month 0 visit. Infusions of PGT121 and
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PGDM1400 at the month 4 visit occurred over 30 minutes, and VRC07-523LS at month 4
was infused over 15-30 minutes. The time interval between individual study products was
15 to 30 minutes.

Following study product administration (SPA), participants were monitored for at least 60
minutes at the study site to assess for solicited local and systemic adverse events (AES),
including pain/tenderness at the infusion site, fever, malaise, myalgia, headache, chills,
arthralgia, nausea, urticaria, non-exertional dyspnea, non-exertional tachycardia, generalized
pruritus, facial flushing, and unexplained diaphoresis. Participants subsequently completed
daily diary entries to document AEs for three days following infusion. Focused physical
exams and laboratory assays (complete blood count with differential, creatinine, alanine
aminotransferase, urine dipstick, pregnancy testing, and HIV testing) were performed for
safety monitoring at prespecified intervals throughout the study. Unsolicited AEs were
documented throughout the duration of the study.

Although enrollment was completed when COVID-19 hit the United States in March 2020,
follow-up was not completed, and 3 participants had not yet received their second (and
final) infusion. As all attention turned to COVID-19 response, the protocol was amended
to minimize study staff and participant risk of COVID-19 exposure: visit windows were
extended and remote clinic visits were permitted (e.g., phone, text message, email, or other
electronic means).

Laboratory methods—Serum PGT121, PGDM1400 and VRCO07-523LS concentrations
prior to and following administration were quantified by a validated binding antibody
multiplex assay (BAMA) [24]; serum 10-1074 concentrations were quantified by a validated
ELISA assay [14]. Serum bnAb concentrations were determined using standard curves for
the corresponding mAb run on the same assay plate. Assays were conducted under Good
Clinical Laboratory Practice (GCLP) standards, and performance of mAb standard curves
and spiked quality control samples were tracked using Levey-Jennings charts.

Neutralizing antibody activity against HIV-1 was measured as a function of reductions in
Tat-regulated luciferase (Luc) reporter gene expression in TZM-bl cells as described [25,
26]. The assay performed in TZM-bl cells measured neutralization titers against four Env-
pseudotyped viruses that enables individual bnAb activities to be determined when multiple
bnAbs were present (i.e., bnAb-specific viruses) (Supplementary Table 2, appendix pg. 3) in
each infusion group. An additional panel of 12 Env-pseudotyped viruses each one selected
as being highly susceptible to all antibodies used in this study (Supplementary Table 3,
appendix pg. 4), was used to generate a rich dataset for validation of the predictive modeling
and the assumption that combined effects of these three antibodies are mostly additive. The
non-infused antibodies were assayed against this latter panel of viruses at concentrations and
ratios that are consistent with their pharmacokinetics after intravenous infusion in normal
healthy human volunteers as comparator values for the activity of post-infusion serum
samples. Serum neutralization titer was defined as the serum dilution that reduced relative
luminescence units (RLU) by 50% and 80% (ID50 and 1D80) relative to the RLU in virus
control wells (cells + virus only) after subtraction of background RLU (cells only).
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Anti-drug antibodies (ADASs) against 10-1074, PGDM1400, PGT121, or VRC07-523LS
were detected and quantified using a qualified bridging electrochemiluminescence assay as
previously described [27]. Assays were conducted under Good Clinical Laboratory Practice
(GCLP) standards. Samples were tested in duplicate along with a panel of anti-idiotype and
negative controls and data accepted based on meeting pre-established criteria.

The primary clinical objective was to evaluate safety and tolerability of the bnAbs
administered in various combinations via sequential intravenous (1V) infusion. The primary
endpoints included frequency of local and systemic solicited adverse events (AES),
laboratory measures of safety, unsolicited AEs, and serious AEs were recorded by clinicians
at every visit as described above. The primary laboratory objectives included evaluating
serum concentrations of each bnAb and serum neutralizing activity against bnAb-specific
and the global panel of viruses. A complete list of primary, secondary and exploratory
objectives and endpoints is described in Supplementary Table 4 (appendix pg. 5).

Statistical and pharmacokinetics analysis

All data were analyzed according to participants’ assigned treatment in the modified intent-
to-treat (MITT) cohort that included all enrolled participants receiving the first infusion.
For each bnAb, serum concentrations following IV administration exhibited bi-exponential
decay and were described by an open 2-compartment disposition model with first-order
elimination from the central compartment. The model was parameterized in terms of four
parameters: clearance from the central compartment (CL, L/day), volume of the central
compartment (\Vc, L), inter-compartmental distribution clearance (Q, L/day) and volume of
the peripheral compartment (Vp, L). An exponential between-individual random effect was
considered for CL, V¢, Q, and Vp based on patterns observed in the data. Nonlinear mixed
effects modeling with the stochastic approximation of expectation-maximization (SAEM)
estimation method was employed. For each bnAb used in the triple combination (PGT121,
PGDM1400 and VRC07-523LS), PK data collected from both the dual-administration

and triple-administration were pooled for the PK modeling; the effect of dual- vs. triple-
administration on each of the PK parameter was tested using the likelihood ratio test in

the PK model. For 10-1074, only PK data from the dual combination was used for the
modeling. PK modeling was performed using Monolix (Version 2019R1. Antony, France:
Lixoft SAS, 2019); all other analyses used SAS or R3.5.1. Combination bnAb neutralization
interactions were assessed using the Maximum, Additive, and Bliss-Hill models [28]. The
Concordance Correlation Coefficient (CCC) was used to quantify the agreement between
observed and estimated combination neutralization titers under each of the interaction
models.

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, or data
interpretation.
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RESULTS

Participant demographics and infusion frequency

Twenty-seven healthy participants without HIV enrolled between July 31, 2019 and
December 20, 2019 at four US-based CRS affiliated with the HVTN and HPTN. Duration
of follow-up was 12 months and 16 months for participants receiving dual and triple
combination bnAb therapy, respectively, and all visits were completed by March 25, 2021
(Table 1). Participant median age was 26 and 16/27 (59%) were assigned female at birth
(Table 1). Seventy percent (19/27) identified as White (non-Hispanic), 2 (7%) identified as
Black, and 3 (11%) as Hispanic or Latino. Data unavailability was mostly caused by missed
visits or remote visits due to the COVID-19 pandemic (Supplementary Table 5, appendix pg.
6).

Six of six (100%) participants each in T1 & T2 and 5/6 (83%) participants in T3 received

a single 1V dose of either PGT121, PGDM1400 or 10-1074 followed by VRC07-523LS,
respectively. Nine of nine (100%) participants in T4 received a first IV dose of VRC07-
523LS administered sequentially with PGDM1400 and PGT121 and 6/9 (67%) received the
second 1V dose 4 months later; 3/9 (33%) participants missed the second dose due to CRS
operational disruptions from the SARS-CoV-2 pandemic with one participant missing a visit
and two participants undergoing remote visits, which precluded study product administration
and collection of samples (Figure 1). A total of 26 participants received at least one dose of
VRC07-523LS at 20 mg/kg.

Safety and tolerability

Overall, IV administration of study products was generally well tolerated with no related
serious AEs (SAEs), unexpected reactions, or safety events warranting study pause.
Nineteen (70%) participants reported 52 unsolicited AEs, the majority of which were grade
1 (31 in 16 participants, 60%) or grade 2 (20 in 13 participants, 48%) in severity. The most
commonly reported AEs were upper respiratory tract infection in four participants (15%),
decreased platelet count in three (11%; one grade 2 at day 112, the rest grade 1/mild), grade
1 pyrexia in two (7%, during study follow up, unrelated to study product), COVID-19 in two
(7%; one grade 1 and one grade 2), urinary tract infection in two (7%), and increased alanine
aminotransferase in two participants (7% occurring at day 14 and 112). In 18 participants
(67%), 51 unsolicited events were of mild or moderate severity. There was one SAE of death
due to respiratory failure in a participant in T2 with an undisclosed pre-existing history of
asthma who had received his last SPA more than 7 months earlier. This SAE was assessed
by the Principal Investigator as not related to study products.

Two participants (7%) developed two AEs that were assessed as related to the study
products; these resolved without residual effects. One participant in T3 developed mild

and episodic bilateral hand paresthesia the evening of SPA, which resolved the following
day. One participant in T2 developed a mild infusion-related reaction (chills, mild upper
back muscle pain, mild joint pain in wrists, and a mild headache), which resolved within one
hour.
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Solicited local and systemic reactions in dual and triple combination treatment arms were
mild to moderate and are summarized in Supplementary Figure 1 (appendix pg. 15).

Pharmacokinetics

The observed antibody concentrations across treatment arms and at every timepoint
following infusion are displayed in Figure 2 and summarized in Supplementary Table 6
(appendix pg. 7). The median elimination half-life estimates were 32-2 days (mean = 330
days, 95% CI 28-9-36:5) for PGT121, 25.4 days (mean = 25.7 days, 95% Cl 23.9-27.7)

for PGDM1400, 27-5 days (mean = 30-1 days, 95% CI 27-7-33.0) for 10-1074, and 52-9
days (mean = 53-3 days, 95% CI 49-5-57-8) for VRC07-523LS (Supplementary Table 7,
appendix pg. 9)). More details of other PK parameters are provided in Supplementary Tables
9-12 (appendix pg. 11-14). There were no statistically significant differences in any PK
parameters for PGT121, PGDM1400 and VRC07-523LS between dual-combination T1 and
T2 compared to triple-combination T4. Coadministration in dual or triple combination did
not affect individual antibody PK (Supplementary Table 7, appendix pg. 9). The median
elimination half-life of VRC07-523LS in the triple combination (T4), 54-9 days (standard
deviation (SD) = 6-7), was not significantly different than in the dual combinations (T1, T2
or T3): T1, 53-2 days (SD = 6:5); T2, 506 days (SD = 4-7); and T3, 51-8 days (SD = 8-3)
(Supp Figure 2, appendix pg. 16).

Neutralization antibody concentrations

Neutralization function predicted by PK data—An important objective of the

study was to assess how much of the neutralization activity was retained after passive
administration of the bnAbs via estimating neutralization-effective antibody serum
concentration as the product of the observed ID80 (or ID50) neutralization titer and the

in vitro neutralization potency 1C80 (or 1C50) of the clinical lot of the bnAbs against the
same virus. The neutralization-effective concentration of VRC07-523LS was 324-2 pg/mL,
257-8 ug /mL, 169:-7 pg /mL and 1934 pg /mL at the peak time-point (day 3 after infusion)
in T1-T4, respectively (Figure 3). These values were similar to those measured by BAMA,
suggesting that neutralization function for each bnAb in the combinations was largely
maintained in serum as predicted by binding antibody assay-based PK concentrations.
Similar neutralization-effective serum concentrations were observed for all dual and triple
bnAb combinations. ID50 neutralizing titers showed the same pattern (Supp Figure 3,
appendix pg. 17).

Predicting bnAb dual and triple combination neutralization titers—In vitro
models suggest that administering bnAbs in combination produces more potent and broader
neutralization than administering a single bnAb [10, 23, 29]. Additionally, the triple
combination of PGT121 + PGDM1400 + VRC07-523LS has been predicted to produce
neutralization superior to any of the dual combinations [30]. Among participants who
received all scheduled product administrations, we measured serum neutralization against

a panel of 12 Env pseudoviruses in which each virus was highly susceptible to all four
bnAbs. As expected, participants in the triple combination (T4) had greater magnitude of
neutralizing activity against the panel than those from the dual-bnAb combination arms (T1,
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T2, T3) (Figure 4). This pattern was seen at each timepoint through day 112, and ID50 titer
showed a similar trend (Supp Figure 4, appendix pg. 18).

Combination antibody neutralization interactions were assessed in serum samples using
three different mathematical modeling approaches (additive, maximum and Bliss-Hill) that,
in vitro, enabled predicting the bnAb combination neutralization magnitude and breadth
using single bnAb data [23, 29]. We observed good agreement with a high concordance
correlation coefficient (CCC > 0-9 mostly) between the observed and predicted combination
serum neutralization titers against a 12-virus panel for participants in T4 (Figure 5, Supp
Figure 5 [appendix pg. 19], Supp Table 8 [appendix pg. 10]). bnAb combination serum
neutralization titers were best predicted by the Bliss-Hill model based on individual bnAb
neutralization titers. Similar performances of the Bliss-Hill model were observed for the
dual combination arms.

Anti-drug antibodies—Serum samples for participants were evaluated for anti-drug
antibodies (ADA) prior to treatment and then at several follow-up visits. No treatment-
induced or boosted ADAs against any of the four drug products were observed (Supp Figure
6, appendix pg. 20).

DISCUSSION

This study provides important data about the safety and tolerability of dual and triple
combination of bnAbs when administered sequentially via IV infusion and is among the
first to describe the use of triple bnAb combinations. All combinations and infusions were
generally well tolerated with no serious adverse events attributed to the study products. This
is similar to prior reports evaluating dual or triple bnAb combinations for HIV prevention or
for treatment in persons living with HIV, and adds to the body of critical data as we move
toward future bnAb efficacy trials. Additionally, the data reflect the challenges of conducting
an interventional clinical trial for HIV prevention in the setting of the COVID-19 pandemic.

We noted that PK patterns were consistent for each bnAb between the dual or triple
combinations, and these were similar to previous reports [31], even accounting for different
study population, timepoints, and dose. For example, another Phase 1 study evaluating
single-dose pharmacokinetics of VRC07-523LS administered via different routes and doses
reported an estimated median elimination half-life of 54-8 days [31], which is similar to
what we report in our study (52-9 days). The finding that coadministration in dual or triple
combination did not affect the PK features of the individual bnAbs suggests that there was
no clear evidence of PK interactions between any of the antibodies.

The neutralization function was maintained as predicted by the PK data and the
complementary neutralization magnitude and breadth of bnAbs, with no antagonism or
synergism amongst the bnAbs, were maintained in this study. We also confirmed that the
neutralization coverage was the greatest in the triple bnAb combination compared to any
of the dual combinations. The Day 112 concentration decays were not at very high titers,
but we believe this issue can be resolved with the improved half-life LS versions of the
V2 and V3 bnAbs [32, 33]. At Days 3 and 28 we observed D80 titers of ~200, which
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was recently shown to be sufficient for prevention of HIV acquisition [33]. The average
serum concentrations at 16 weeks after the second 1V infusion at a dose level of 20 mg/kg
were predicted to be 1.6, 1.8 and 3.4 mcg/mL, respectively, for PGDM1400, PGT121,

and VRCO07-523LS. These trough concentration levels were believed to confer sufficient
neutralization against diverse panels of viruses. Based on the protective neutralization
threshold defined in the AMP study [33], these concentration levels collectively confer
protection against a virus with in vitro neutralization sensitivity of IC80 around 0.01 to 0.04
mcg/mL.

We found that combination bnAb neutralization titers can be predicted using individual
bnAb neutralization titers, which validates the in vitro models. The ability to accurately
predict the breadth and potency of antibody combinations without experimental validation is
important to future rapid and iterative identification of optimal combinations, especially in
resource limited settings.

Our study did have some limitations. Due to COVID-19 imposed operational restrictions,
several participants had remote visits and therefore samples were missing from timepoints,
including 3 out of the 9 participants in Group 4 having missed their second infusion. This
reduced sample size influences the precision (not necessarily the accuracy) of our study
results; however, we do not believe the interpretation of the presented results is majorly
impacted. Specifically, for the evaluation of the safety endpoints, data after the first infusion
were available from all 27 participants, and available from 6 (out of 9) participants in the
triple-bnAb group (T4) after the second infusion. Importantly, 2 of the 3 participants who
missed the second infusion in T4 did attend at least one additional clinical/blood collection
visit. Therefore, for lab endpoints including bnAb concentrations and neutralization titers,
we were able to account for the actual number of infusions that each participant received,
and the actual visit and specimen collection dates based on all available data. Another
drawback is that, as noted above, a third of the participants in T4 did not receive the second
triple bnAb infusion due to disruption caused by COVID-19 pandemic. It is important to
note that the panel of viruses used in our neutralization assays were chosen to be sensitivity
to the four antibodies, and may not represent the diversity of circulating strains. Lastly, even
though the point estimates of the PK parameters for the dual and triple combinations did not
seem to differ in a clinically meaningful way, it is important to highlight the small sample
size of the study. Given the sample size, we only had power to detect large differences in
PK or neutralization between the dual and triple combinations, as well as overall safety.
These results, therefore, will need to be further investigated in on-going (NCT04212091,
NCT05184452) and future bnAb trials evaluating LS formulations of all four antibodies in
dual and triple combinations.

These data, building on AMP correlates results, provide an important basis for the prediction
of prevention efficacy of the triple-mAb combination, and inform the field as we seek to
identify optimal antibody combinations for HIV prevention. It is expected that future studies
will evaluate mAb combinations incorporating LS-modified versions of all 4 antibodies,
which are expected to evolve to improve function and administration, in preparation for a
planned efficacy trial.
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RESEARCH IN CONTEXT
Evidence before this study

Passive immunization with broadly neutralizing antibodies (bnAbs) to prevent HIV
acquisition is a rapidly expanding field. A single antibody targeting the CD4 binding
site on the HIV envelope conferred protection against HIV strains susceptible to the
antibody in the AMP trials, albeit prevention efficacy was limited due to circulating
strains resistant to VRCO1. To address this issue, several bnAbs are being tested alone
or in combinations for safety, tolerability, and pharmacokinetic properties in Phase 1
trials as well as in nonhuman primate models. Studies assessing neutralization coverage
and potential interactions of different bnAb combinations are important to guide the
selection of optimal combinations and further inform the HIV prevention field. We
performed a systematic search in PubMed and clinicaltrials.gov for the search terms
PGT121, PGDM1400, 10-1074, and VRC07-523LS through October 2022 and assessed
publications for quality of evidence. The present study was designed to evaluate the
safety and tolerability, neutralization activity, as well as pharmacokinetics of dual and
triple antibody combinations that target three different envelope regions in people living
without HIV.

Added value of this study

This Phase 1 study demonstrated the feasibility of combining anti-HIV bnAbs targeting
different sites on the HIV envelope in people living without HIV. It also demonstrated
that the dual- and triple-antibody combinations were as effective as the individual
antibodies at neutralization, thus justifying a combination approach going forward for
additional monoclonal antibody studies for HIV prevention. The fact that modeling
predicted the combination neutralization titer based on the single antibody titers will be
valuable for future trial design of different antibody combinations.

Implications of all the available evidence

Our data demonstrate that a combination of three bnAbs can achieve the breadth and

titer indicative of advanced clinical development. Addition of Fc mutations to increase
the half-life of the V2 and V3 loop directed antibodies to match that of VRC07-523LS
should enhance the feasibility of this type of intravenous regimen for global prevention of
HIV.
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Enrolled
(N=27)
Randomization and allocation (n=18) Allocation (n=9)
T1 T2 T3 T4
(n=6) (n=6) (n=6) (n=9)
PGT121 & VRCO7- PGDM1400 & 10-1074 & VRCO7- PGDM1400 &
523LS VRCO07-523LS 523LS PGT121 &
(20 mg/kg IV each) (20 mg/kg 1V each) (20 mg/kg 1V each) VRCO07-523LS
(Day 0) (Day 0) (Day 0) (20 mg/kg 1V each)
(Day 0, 112)
Follow-up
Completed SPA (n=06) | Completed SPA (n=6) | Completed SPA Completed SPA (n=6)
- Completed FU - Completed FU (n:5)§ - Completed FU
(n=6) (n=3) - Completed FU (n=6)
- Terminated - Terminated (n=2) Discontinued SPA
early (n=0) early (n=3 - Terminated (n=3)
" Death (n=1) early (n=3) - Completed FU
" Unable to “ Unable to (n=2)
contact (n=1) contact (n=3) " Remote visit
" Incarcerated due to COVID
(n=1) (n=2)
- Terminated
early (n=1)
" Unable to
adhere to
schedule (n=1)
Analysis

Safety (n=6)

Antibody assays

-BAMA PK
Day 0 (n=06)*
Day 3 (n=06)*
Day 6 (n=106)
Day 14 (n=06)
Day 28 (n = 6)*
Day 56 (n=06)*
Day 112 (n = 6)*
Day 168 (n=4)
Day 224 (n=1)
Day 336 (n=5)

Safety (n = 0)

Antibody assays

- BAMA PK
Day 0 (n = 6)*
Day 3 (n = 6)*
Day 6 (n =6)
Day 14 (n=6)
Day 28 (n = 6)*
Day 56 (n = 6)*
Day 112 (n = 5)*
Day 168 (n=4)
Day224 (n=1)
Day 280 (n=1)

Safety (n = 6)

Antibody assays

-BAMA PK
Day 0 (n = 6)*
Day 3 (n=6)*
Day 6 (n=16)
Day 14 (n=106)
Day 28 (n=5)*
Day 56 (n = 5)*
Day 112 (n = 5)*
Day 168 (n=4)
Day 280 (n=4)
Day 336 (n=3)

Day 336 (n=2)
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Safety (n=9)

- Post first infusion (n
=)

- Post second infusion
(n=06)

Antibody assays

- BAMA PK
Day 0 (n=9)*
Day 3 (n=9)*
Day 6 (n=9)
Day 14 (n=9)
Day 28 (n=9)*
Day 56 (n=9)*
Day 84 (n=9)
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* nAb assay also

* nAb assay also

* nAb assay also

Day 112 (n=6)*
Day 140 (n=3)*
Day 168 (n=2)*
Day 224 (n=5)*
Day 280 (n=7)
Day 336 (n=8)
Day 392 (n=7)
Day 448 (n=7)

*nAb assay also

¥ One ppt in T3 received a partial infusion of 10-1074 and did not receive VRC07-523LS
because of infiltration of the IV site.

From day 112 until the end of study there were many missed visits due to local and national
COVID-19 pandemic closure and isolation protocols.

Figure 1: Consort Diagram and specimen collection schedule.
CONSORT, Consolidated Standards of Reporting Trials; 1V, intravenous; BAMA, Binding

Antibody Multiplex Assay; PK, pharmacokinetic; nAb, neutralizing antibody; SPA, study

product administration; FU, follow-up.
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Figure 2: Observed antibody serum concentrations with 90% prediction interval from the

population PK model.

Observed (symbol) and predicted (line) concentrations of each bnAb. Serum concentration
was measured by BAMA and 10-1074 by ELISA. Shaded areas denote 90% prediction
interval. One T3 participant received partial infusion of 10-1074 and no VRCO07-523LS.
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Figure 3. Geometric mean ID80 neutralization-effective serum concentrations of each bnAb in
dual and triple-bnAb combinations.

x axis: time in days following infusions; y axis: TZM-bl assay derived concentration.
Neutralization-effective serum concentrations of each bnAb were calculated by multiplying
the 1D80 neutralization titer of the serum sample against a bnAb-specific isolate by the 1C80
of the clinical lot of the bnAb against the corresponding isolate.
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Figure 4. Individual participant and group-average 1D80 neutralization magnitude and breadth
against a 12 multi-clade virus panel at 3 (Panel A), 28 (Panel B) and 112 days (Panel C) after
product administration.

Participants received all scheduled product administrations. Dashed curves are for individual
participant and solid curves are for group average. Area under the curve (AUC)

are calculated for the group average magnitude-breadth curve. Env-pseudotyped virus

panel includes: 0330.v4.c3; 3426.v5.¢17; 377.v4.c09; AC10.0.29; Cell176_A3; DU156.12;
DU172.17; PVO.4; RHPA4259.7; SC422661.8; T263-8; and TRO.11. x-axis: neutralization
D8O titer. Y-axis: fraction of isolates with neutralization ID8O0 titer great then t.
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Figure 5. Concordance between observed and estimated combination bnAb neutralization 1D80
titers against a 12 multi-clade virus panel in T4 participants.

Y-axis: observed neutralization ID8O0 titer at 3, 28 and 112 days after product administration
in serum samples of T4 participants who received the triple bnAb combination
PGT121+PGDM1400+VRCO7-523LS. X-axis: estimated combination neutralization ID50
titer under the Maximum (red color), Additive (blue) and Bliss-Hill (green) neutralization
interaction model. Circles denote individual data points. Solid lines denote the best fit linear
regression line. Dashed line denote the identity Y=X line (indicating perfect agreement).
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Demographic characteristics of HYTN 130/HPTN 089 participants.
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T1 (n=6) T2 (n=6) T3 (n=6) T4 (n=9) Total (N=27)

Female 5 (83-3%) 3(50-0%) 3(50-0%) 5 (55-6%) 16 (59-3%)
Sex at birth, n (%)

Male 1 (16-7%) 3(50-0%) 3 (50-0%) 4 (44-4%) 11 (40-7%)

Female 3(50-0%) 3(50-0%) 3(50-0%) 4 (44-4%) 13 (48-1%)
GenderZ n (%) Male 2(33-3%) 3(50-0%) 3 (50-0%) 3(33-3%) 11 (40-7%)

Other? 1 (16-7%) 0 (0-0%) 1 (16-7%) 2 (22:2%) 4 (14-8%)
Age, years, median (range) 25 (21, 25) 29 (21, 50) 28 (25, 49) 30 (19, 49) 26 (19, 50)

Weight, kg, median (range)

723 (557, 84-4)

61-6 (558, 74-4)

67-8 (51-3, 77-6)

71-2 (53-5, 86-4)

68-0 (51-3, 86-4)

Hispanic or 0 (0-0%) 1(16:7%) 0 (0-0%) 2 (22-2%) 3 (11-1%)
Ethnicity, n (%) - -

tl:ttir:lmpamc or 6 (100-0%) 5 (83-3%) 6 (100-0%) 7 (77-8%) 24 (88-9%)

Black n/Aa4 N/A 2 (33-3%) 0 (0-0%) 2 (7-4%)
Race, n (%) White 5 (83-3%) 3 (50-0%) 4 (66-7%) 7 (77-8%) 19 (70-4%)

other3 1 (167%) 3 (50-0%) N/A 2 (22:2%) 6 (22:2%)

1 ... R
Participants could self-report more than one gender identity, thus percentages may total more than 100%.

2 . . . N
Other categories: transgender male, transgender female, gender queer, gender variant or gender nonconforming, self-identify, and/or prefer not to

answer.

Other categories: Asian, Native Hawaiian/other Pacific Islander, American Indian/Alaska Native, other, multiracial.

Participants are not required to answer these questions, so counts may not match the number of participants. Missingness is not included explicitly

as it is minimal.
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