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Hyaluronidase-enhanced subcutaneous
delivery of bNAbs: a phase 1 randomized
controlled clinical trial in HIV-
uninfected women
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Broadly neutralizing antibodies (bNAbs) offer a promising strategy for HIV
prevention. Subcutaneous (SC) administration is more feasible than intrave-
nous delivery but may be limited by prolonged administration times and
multiple injections. Here we report a pharmacokinetic (PK) modelling study,
an unspecified exploratory analysis that involved 57 HIV-negative African
women (median age 25 years; BMI range 18.1–39.3 kg/m²) enrolled in the
CAPRISA 012B trial (PACTR202003767867253, total participants n = 76).
A predefined sub-analysis directly comparing the 20mg/kg dose level of
ENHANZE™ drug product (EDP) versus no-EDP was conducted in a subset of
participants (n = 5 with EDP, n = 5 without). CAP256V2LS and VRC07-523LS—
potent HIV-1 bNAbs targeting conserved envelope epitopes—were adminis-
tered SC with and without EDP. The primary outcome of this sub-analysis was
duration of administration. Secondary outcomes included PK and safety.
Among the subset of participants (n = 10), EDP significantly reduced median
administration time from49.5 to 10.0minutes and reduced injections per dose
from 3 to 1. CAP256V2LS and VRC07-523LS concentrations at 24 weeks post-
dose, were 4.8- and 3.0-fold higher, respectively, with EDP. CAP256V2LS
exposure (AUC) increased by 40%, despite a 30% decrease in Cmax. EDP was
well tolerated with no safety concerns. These findings support EDP-enhanced
SCdelivery as a scalable and simplified strategy for long-acting antibody-based
HIV prevention.

The global HIV epidemic remains a major challenge, with 1.3 million
new infections in 2023, about half of which occurred in sub-Saharan Africa
(https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_
en.pdf). Long-acting pre-exposure prophylaxis like 6-monthly lenacapavir1 is
needed, particularly in high-burden settings like South Africa. Broadly neu-
tralizing antibodies (bNAbs) have emerged as a promising approach for HIV
prevention, following theAntibodyMediatedPrevention trial,which showed
thatwhileVRC01didnotprovideoverall efficacy, itwas 75%effective against
susceptible viral strains2. CombinationsofbNAbs targetingmultiple epitopes

need tobe investigated to address this shortcomingof a single antibody and
may improve efficacy.

The efficacy of bNAbs depends on maintaining serum trough
concentrations above their therapeutic thresholds. Intravenous
administration provides higher serum concentrations and better
bioavailability3 compared to subcutaneous administration. The
World Health Organization (WHO) has outlined a set of Preferred
Product Characteristics for bNAbs aimed at HIV prophylaxis
(https://www.who.int/publications/i/item/9789240045729). Among
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these guidelines, WHO prioritizes subcutaneous and intramuscular
injections as the preferred routes of administration. Subcutaneous
administration of antibodies, which is easier to implement than
intravenous administration, takes longer and can require multiple
injections when substantial volumes are required. The sub-
cutaneous extracellular matrix, made up of hyaluronan and col-
lagen, limits injectable volumes to 1–2mL, with larger volumes
causing tissue distortion and pain4. This poses a challenge for bnAb
administration, as weight-based dosing often exceeds this limit,
requiring multiple injections to reach therapeutic levels, which can
be time-consuming and uncomfortable for patients.

EDP uses a proprietary recombinant human hyaluronidase refer-
red to as rHuPH20 (Halozyme Inc., San Diego, CA) to facilitate the
subcutaneous delivery of co-administered therapies. EDP works by
temporarily breaking down hyaluronan in the interstitial space,
allowing for larger volumes of product to be administered in the
subcutaneous space5.

Duration of administration, number of injections, and pharmaco-
kinetic profileswere assessedwhenbothCAP256V2LS andVRC07-523LS
were administered subcutaneously with and without EDP in the
CAPRISA 012B phase 1 trial6. Systemic antibody concentrations were
assessed using the Meso Scale Discovery (MSD) platform. A population
pharmacokinetic model that stratified individual exposure parameters
within a virtual population of 1000, grouped by EDP use, was
developed. These simulations included both intravenous and sub-
cutaneous routes to ensure a comprehensive comparison of pharma-
cokinetic model outputs for the same population under both
administration routes.

In this work, we showed that hyaluronidase-enhanced sub-
cutaneous delivery using EDP offered a practical and scalable solution
for administering bNAbs for HIV prevention.

Results
The study was approved by the University of KwaZulu-Natal Biome-
dical Research Ethics Committee (BREC) and the South African Health
Products Regulatory Authority (SAHPRA) and was conducted at the
CAPRISA eThekwini Clinical Research Site in Durban. The cohort
comprised a subgroup of HIV-uninfected African women (n = 57), who
were enrolled in the CAPRISA 012 trial (total number of participants,
n = 76)6. The median age in the subset of participants (n = 10) was 27.5
years (IQR: 24.0–30.0), with a BMI range of 26.4–29.2 kg/m2 (Table 1).

Safety
Safety analysis of EDP was conducted in the subgroup of HIV-
uninfected participants (n = 10). EDP use was safe. There were no ser-
ious adverse events or dose-limiting toxicities reported. Solicited
reactogenicity events ranged from mild to moderate and resolved

within the 72-h reactogenicity assessment period. No anti-drug anti-
bodies (ADAs) were detected for CAP256V2LS, VRC07-523LS, or EDP
across multiple sampling points.

Pharmacokinetics
Subcutaneous administration of CAP256V2LS with EDP resulted in
consistently higher median concentrations compared to administra-
tion without EDP. At months 1, 3, 4, and 6, concentrations were 0.86,
3.29, 2.99, and 4.75 times higher when EDPwas used. Similarly, VRC07-
523LS concentrations with EDP were also elevated compared to
administration without EDP, with median concentrations 1.41, 2.78,
2.62, and 3.04 times higher at months 1, 3, 4, and 6 (Fig. 1). For the
dose-normalized PK comparison, a subset of 42 participants was
included—comprising individuals who received EDP (n = 20) or non-
EDP regimens (n = 22) (Supplementary Table 1). EDP increased
CAP256V2LS overall bioavailability as exposure displayed a 40%
increase in area under the curve (AUC; p <0.035). However, Cmax
showed a 30% decrease (p =0.046).

A pharmacokinetic model, based on data from study CAPRISA
012B6 (subgroup of 57HIV-uninfected participants), was used to further
explore the impact of EDP co-administration through simulations. The
AUC over a 24-week period was simulated using the model for three
weight-based dosing scenarios (5, 10, and 20mg/kg). Initially, the route
of administration—intravenous versus subcutaneous—significantly
impacts exposure levels, particularly following a single dose (Supple-
mentary Fig. 1). This difference, however, becomes negligible at later
time points once steady state is achieved, where intravenous adminis-
tration provides greater exposure than subcutaneous, regardless of
whether EDP is co-administered (Fig. 2). Notably, co-administration of
EDP consistently enhances PK exposure across all simulated dosing
scenarios (Fig. 3).

The median antibody infusion duration was 10.0 (IQR:
6.0–15.0)minwith EDP compared to 49.5 (IQR: 26.0–52.5)minwithout
EDP (p =0.003). A total of three manual syringe needles were used for
the administration of the study productwithout EDP, compared to one
injection with EDP.

Discussion
Subcutaneous antibody co-administration with EDP was safe, had a
shorter duration, fewer injections, and an enhanced pharmacokinetic
profile, which had a slightly lower peak concentration but higher
concentrations and bioavailability up to 24weeks post-administration.

The pharmacokinetic enhancement observed with EDP is driven
by the enzymatic degradation of hyaluronan in the extracellular
matrix, thereby enhancing tissue permeability and promoting faster
and more efficient absorption of bNAbs from the subcutaneous
injection site into systemic circulation. This mechanism ensures rapid

Table. 1 | Baseline characteristics of EDP vs non-EDP groups (n = 10), in which safety, bNAb concentrations, and administration
times were compared

Characteristic Overall (N = 10) CAP256V2LSa + VRC07523.LSa (20mg/kg SC/
20mg/kg SC) one dose (N = 5)

CAP256V2LS+VRC07523.LS (20mg/kg SC/
20mg/kg SC) one dose (N = 5)

Age (years) 27.5 (24.0–30.0) 27.0 (25.0–28.0) 28.0 (24.0–30.0)

Sex Female 10 (100%) 5 (100%) 5 (100%)

Ethnicity African 10 (100%) 5 (100%) 5 (100%)

Weight (kg) 68.5 (64.8–73.6) 71.9 (57.1–83.5) 65.0 (64.8–72.6)

Height (m) 1.6 (1.5–1.6) 1.6 (1.6–1.6) 1.5 (1.5–1.6)

BMI 27.6 (26.4–29.2) 27.4 (23.2–33.0) 27.8 (27.3–28.4)

Hemoglobin (g/dL) 13.2 (12.1–13.9) 13.4 (13.0–14.6) 12.1 (11.5–13.3)

Creatinine (μmol/L) 60.5 (55.0–63.0) 63.0 (62.0 – 64.0) 55.0 (51.0–60.0)

Aspartate aminotransferase (IU/L) 23.5 (21.0–28.0) 23.0 (18.0–23.0) 28.0 (24.0–32.0)

Alanine aminotransferase (IU/L) 19.0 (17.0–20.0) 19.0 (17.0–20.0) 20.0 (19.0–28.0)
aWith Hyaluronidase (EDP).
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diffusion and increased bioavailability from subcutaneous adminis-
tration to levels comparable to intravenous delivery7–9. The effects on
the extracellular matrix are localized, temporary, and reversible8.
Hyaluronidase-mediated degradation of hyaluronan reduces depot

retention timeand acceleratesmAb entry into circulation. In an in vitro
SC injection chamber model, hyaluronidase addition significantly
increased mAb diffusion from the injection site10,11. These in vitro
ADMEmodels, including diffusion chambers and 3D tissue constructs,

Fig. 2 | Simulated concentrations of CAP256V2LS following a single dose (A1,
A2) and each 24-week steady state dose (B1, B2) with and without EDP. In each
case, groups with EDP have higher concentrations for equivalent doses, although it
occurs in later weeks for the single dose profile. This results in more consistent

differences following multiple doses. Solid lines represent median values of 1000
replicates from themodel, while the ribbon represents the 95% confidence interval
of these replicates. The pharmacokinetic model was based on the results from the
complete CAPRISA 012B trial6.

Fig. 1 | Serum concentrations of bNAbs following a single dose of CAP256V2LS and VRC07523.LS administered subcutaneously at 20mg/kg. Error bars represent
the 95% confidence intervals (CI). An inset for the first ~12 days is shown above.
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are widely used to predict SC bioavailability and absorption profiles of
biologics. Preclinical data support this mechanism, showing that co-
formulated hyaluronidase increases absolute mAb bioavailability. For
instance, in rats, hyaluronidase increased SC cetuximab bioavailability
from ~67% to ~80%, improving systemic uptake12. While its impact
varies depending on the mAb (e.g., minimal effect on trastuzumab,
which already has high subcutaneous absorption), in vitro and in vivo
studies consistently confirm that hyaluronidase enhances sub-
cutaneous mAb pharmacokinetics9,13.

Previous studies demonstrated the suboptimal bioavailability and
lower serum concentrations of the bNAbs VRC01LS, VRC07-523LS,
PGT121, and PGDM1400 when administered subcutaneously com-
pared to intravenous dosing14–17. In contrast, in this study, the co-
administration of EDP significantly improves the pharmacokinetic
profile of subcutaneous CAP256V2LS and VRC07-523LS.

SC administration did not appear to change the observed t1/2, with
or without EDP. As demonstrated with trastuzumab and rituximab,
EDP does not alter antibody pharmacokinetics, metabolism, or struc-
tural integrity, and is unlikely to directly impact elimination
kinetics5,13,18. Therefore, the mechanism for the significant impact of
EDP on systemic clearance, in addition to absolute bioavailability, is
not clear, but may be the result of confounding factors on covariate
assessment due to the lack of crossover in the study design. Immu-
nogenicity testing in this study confirmed the absence of ADAs against
EDP, CAP256V2LS, or VRC07-523LS, further supporting the pharma-
cokinetic stability of these antibodies.

Of note, CAP256V2LS showed a greater relative increase in AUC
and a 37.8% reduction in clearance compared to VRC07-523LS, likely
due to differences in molecular characteristics, Fc receptor interac-
tions, and glycan composition19. Higher and more sustained plasma
concentrations of bNAbs could improve protection against HIV
acquisition, while the prolonged presence of therapeutic antibody
levelsmight allow for less frequent dosing. Importantly, the capacity to
administer larger volumes subcutaneously opens up opportunities for
combining 2, 3, or 4 bnAbs, addressing concerns related to viral escape
and incomplete neutralization. The use of EDP also reduced infusion

administration time, which could result in shorter clinic visits and an
improved patient experience.

Administration of bNAbs with EDP has important advantages in
real-world settings, where administration time and number of injec-
tions can markedly influence whether an intervention is practically
feasible for scale-up. In our controlled study, bNAbs were co-mixed
with EDP in the research pharmacy and administered using a sub-
cutaneous pump. To enhance feasibility and accessibility in diverse
healthcare environments, alternative delivery strategies are available.
One promising approach is the sequential administration of rHuPH20
followed by bNAbs. This method simplifies the process by eliminating
the need for co-mixing or specialized formulation, significantly redu-
cing the amount of rHuPH20 required—by more than tenfold. Addi-
tionally, sequential administration allows for manual syringe-based
delivery, which can be performed by healthcare workers or trained
caregivers, making it particularly suitable for decentralized or
resource-limited settings where flexibility is critical.

Several monoclonal antibodies used in cancer treatment have
now been licensed as co-formulated products utilizing EDP
technology20. HyQvia is an immune globulin infusion (10%) with
rHuPH20 that is approved for primary immunodeficiency and allows
for single-site injection21, designed to be self-administered22,23. The
CAPRISA 012B trial is the first to evaluate EDP with anti-HIV bNAbs6.
The use of EDP is currently being assessed with N6LS in a phase 1 trial
(NCT03538626), and there are ongoing explorations for its application
with long-acting injectable cabotegravir.

While our study provides valuable insights, the relatively small
sample size and focus on young South African women may limit the
generalizability of our findings to other populations. Prior bNAb trials
have demonstrated variability in PK outcomes across diverse demo-
graphics, including differences in BMI, immune activation, and
comorbidities24. Future studies should aim to validate these findings in
larger and more diverse populations to ensure the broader applic-
ability of EDP-facilitated bNAb administration. Our study needed to
categorize the impact of EDP on Cmax and the post-administration
peak better, but this was not possible due to the limited number of

Fig. 3 | Simulated exposures (AUC) following CAP256V2LS administration fol-
lowing a single dose (A1, B1) and each 24-week steady state dose (A2, B2) with
and without EDP. Median values (and 95% CI) of 1000 simulated replicates from
the pharmacokinetic model are presented. The model was based on the results

from the complete CAPRISA 012B trial6. In each case, groups with EDP have higher
exposure. The model is based on simulated data derived from HIV-uninfected
participants who received CAP256V2LS alone or in combination and have com-
pleted follow-up to date.
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early time points. Although the mechanisms governing the sub-
cutaneous absorption of large molecules like bNAbs remain unclear,
external factors such as needle insertion depth and infusion rate likely
influencebioavailability andmay contribute to the observed variability
in absorption.

In confronting the challenges of the HIV epidemic, particularly in
high-burden settings, EDP-facilitated bNAb administration offers a pro-
mising enhancement to a potential long-acting HIV prevention strategy.
This approach could make the implementation of bNAb-based HIV
prevention easier and practically viable, especially in resource-limited
settings. Further research, including mechanistic studies, is needed to
refine subcutaneous administration protocols for practical imple-
mentation in diverse real-world settings.

Methods
Study design and participants
This phase 1 trial was conducted at the CAPRISA eThekwini Clinical
Research Site in Durban, South Africa. The protocol was reviewed and
approved by the University of KwaZulu-Natal BREC and the SAHPRA
and is available at https://www.caprisa.org/Pages/EDCTP-funded%
20studies. The trial was registered on the Pan African Clinical Trial
Registry, PACTR202003767867253. Volunteers were recruited from
Durban and surrounding areas within KwaZulu-Natal using BREC-
approved study materials. Written informed consent was obtained
from all participants prior to their enrollment in the study, in accor-
dance with ethical guidelines and regulatory requirements. Following
successful eligibility assessments, 57 participants (median age 25
years; BMI range 18.1–39.3 kg/m2) were enrolled into one of four
groups (Supplementary Table 2)6.

The data included in this study are derived exclusively from HIV-
uninfected participants (n = 57). At the time of this analysis, the HIV-
positive groups remain in follow-up, and no complete datasets from
these participants were available for inclusion. This analysis was
exploratory in nature and focused specifically on evaluating the
pharmacokinetic impact of co-administering recombinant human
hyaluronidase (EDP) among HIV-negative individuals. The objective
was to better understand how EDP influences the pharmacokinetic
profile of the administered bNAbs.

Fifty-seven HIV-negative women aged 18–40 years were included
in this study and received bNAbs formulated with ENHANZE™ drug
product (EDP) and without EDP (Supplementary Table 2). Because
abdomen-site limitations required equivalent injection volumes, only
the 20mgkg cohorts were dosed with identical antibody combina-
tions ± EDP, permitting a like-for-like comparison. Five participants in
each 20mg/kg cohort (total n = 10), therefore, comprised the pre-
specified sub-analysis used for direct EDP versus no-EDP evaluation. All
other HIV-uninfected groups (n = 57) contributed to population PK
modeling (Fig. 4).

Pharmacokinetic analysis cohort: PK model and dose-
normalized comparison
A total of 57 participants were enrolled across all study arms, and
plasma concentration-time data from all 57 participants were included
in the development of the population PK model. For the dose-
normalized PK comparison, a subset of 42 participants was included—
comprising individuals who received EDP (n = 20) or non-EDP regi-
mens (n = 22) (Supplementary Table 1). Participants in Groups 1A and
1B were originally assigned to the non-EDP arm at 5mg/kg and 10mg/
kg IVdosing, respectively. However, only three participants from these
groups were included in the dose-normalized PK analysis. Two parti-
cipants—one from Group 1A and one from Group 1B—were excluded
due to end-of-infusion sampling times occurring later than 1 h post-
dose. Repeat dosing groups from Group 2 were also excluded. These
exclusionsweremade a priori tomaintain consistency in PKparameter
estimation.

Study product administration
CAP256V2LS andVRC07-523LSwere individuallymixedwith EDP in the
clinic pharmacy, and each antibody was provided as a single individual
dose. Each antibody was administered sequentially at different sites of
the abdomen to allow distinction of local reactogenicity. For the sub-
cutaneous groups that utilized EDP, the productwas administered into
the abdomen at a single site via an infusion pump at a rate of 1ml per
minute. For the subcutaneous group without EDP, the product was
given as a manual syringe injection technique with a maximum of
2.5mls per syringe, or the product was administered into the abdomen
at a single site via an infusion pump at a rate of 15ml per hour.

Determination of bNAb serum levels
A quantitative electrochemiluminescence sandwich immunoassay
technique was performed on the MSD platform to individually deter-
mine CAP256V2LS and VRC07-523LS concentrations in plasma sam-
ples. The amount of CAP256V2LS andVRC07-523LS sandwiched by the
anti-ID and anti-human IgG antibodies was directly proportional to the
concentration of reactive CAP256V2LS and VRC07-523LS in each
sample. Measurements were taken from distinct samples. Sample
concentrations were interpolated from standard curves using Excel
and GraphPad Prism Software 9.2.0 (GraphPad Software, La Jolla, CA,
USA). A non-compartmental analysis on the PK was performed using
WinNonLin (Certara, Princeton, NJ).

Immunogenicity testing for the detection of anti-rHuPH20
antibodies
This study employed a validated electrochemiluminescence (ECL)
immunoassay to detect and quantify anti-rHuPH20 antibodies in
plasma samples, conducted at Labcorp Bioanalytical Services. A total
of 173 primary samples and 289 backup samples were received, stored
at −60 to −80 °C, and handled according to the study protocol. Con-
trols, including positive, negative, and immunodepletion controls,
were used across all runs. All controls were validated within known
stability parameters and prepared under controlled conditions. The
assay was conducted on a 96-well streptavidin-coated plate platform,
using biotin-conjugated rHuPH20 as the primary detection reagent
and SULFO TAG-conjugated rHuPH20 for secondary detection. The
ECL assay was conducted on the MSD platform with Sulfo-tagged
reagents for precise antibody detection through relative light unit
(RLU) readings. In the screening phase, samples with RLU values above
the set threshold were flagged as potential positives. Confirmatory
testing involved reassaying positive samples with additional controls
to validate the results. Samples that confirmed positive were subse-
quently titered to quantify the concentration of anti-rHuPH20 anti-
bodies. Eleven analytical runs were accepted, while three runs were
rejected due to control criteria not beingmet. Data from rejected runs
were not included in the final analysis. Nineteen samples were reas-
sayed due to normal tier escalation. Fourteen of the nineteen initially
screened positive samples confirmed positive. The analysis confirmed
a low incidence of ADA development.

Pharmacokinetics analysis
A two-compartmentmodel was developed using NONMEM version 7.5
(ICON Clinical Research LLC, Blue Bell, PA, USA) for population phar-
macokinetic analysis. The non-linear mixed effect model (NLME)
approach was utilized to account for inter-individual variability. R®
V4.4 (or higher), along with a comprehensive R archive network and
Certara packages, was used for dataset preparation, exploratory data
analysis, visualization, and calculation of individual Bayesian posterior
exposure levels.

Population pharmacokinetic model
The pharmacokinetic model development for CAP256V2LS involved
analyzing data fromparticipants who had received at least one dose of

Article https://doi.org/10.1038/s41467-025-63051-8

Nature Communications |         (2025) 16:8177 5

https://www.caprisa.org/Pages/EDCTP-funded%20studies
https://www.caprisa.org/Pages/EDCTP-funded%20studies
www.nature.com/naturecommunications


CAP256V2LS and had one measurable concentration sample (n = 57,
Fig. 4). Concentrations below the lower limit of quantitation (BLQ)
were excluded. Initially, data exploration guided the structural model
development, using standard statistical criteria such as the −2 log-

likelihood and graphical diagnostics, including plots of observed vs.
predicted values. A stepwise covariate analysis was performed to
identify factors influencing CAP256V2LS PK. Continuous covariates
were scaled relative to the median value, while categorical covariates

235 not enrolled
  199 Clinical decision
   31 Possible challenge with retention
   5 Declined enrolment

PK modelling analysis conducted (n=57)

CAP256V2LS 5m/kg IV one dose
N = 4

CAP256V2LS 10m/kg IV one dose Safety and data review complete,
N = 4 Terminated (N=4)

N = 6

N = 8

CAP256V2LS SC 5mg/kg  one dose Safety and data review complete,
N = 4 Terminated (N=4)

CAP256V2LS* SC 5mg/kg  one dose Safety and data review complete,
N = 4 Terminated (N=4)

CAP256V2LS* SC 10mg/kg  one dose Safety and data review complete,
N = 4 Terminated (N=4)

Safety and data review complete,
Terminated (N=2)

Safety and data review complete,
Terminated (N=2)

Safety and data review complete,
N = 4 Terminated (N=4)

Safety and data review complete,
Terminated (N=2)

Safety and data review complete,
Terminated (N=2)

Safety and data review complete,
Terminated (N=5)

Safety and data review complete,
Terminated (N=5)

Sub-analysis (n=10)
Safety and data review complete,

Terminated (N=5)

Safety and data review complete,
Terminated (N=5)

Safety and data review complete,
Terminated (N=5)

Safety and data review complete,
Terminated (N=5)

CAP256V2LS 20m/kg IV one dose (1d)

Screened
N=311

Randomized and enrolled
N = 76 (HIV negative and HIV positive groups)

Safety and data review complete, 
Terminated (N=4)

HIV positive
CAP256V2LS 20m/kg IV one dose (1c) Safety and data review ongoing (N=5)

Terminated (N=1)

HIV positive

one repeat dose at 24 weeks

CAP256V2LS* SC 10mg/kg  
one repeat dose at 16 weeks

N = 2

CAP256V2LS* SC 10mg/kg  
one repeat dose at 24 weeks

N = 2

CAP256V2LS* SC 20mg/kg  one dose

CAP256V2LS* SC 20mg/kg  
one repeat dose at 16 weeks

N = 2

CAP256V2LS* SC 20mg/kg  

CAP256V2LS*+VRC07-523LS*  
10mg/kg + 10mg/kg one dose

N = 5

CAP256V2LS*+VRC07-523LS*  
20mg/kg + 20mg/kg one dose

N = 5

Safety and data review ongoing (N=8)

N = 5

VRC07-523.LS 
1.2 g
N = 5

CAP256V2LS+ VRC07- 523.LS 
1.2 g

N = 5

CAP256V2LS+ VRC07- 523.LS 
20mg/kg + 20mg/kg one dose

N = 5

CAP256V2LS  
1.2 g

N = 2

Fig. 4 | Consort diagram for the CAP012B study. The dosing groups evaluating different administration strategies for bNAbs. CAP256V2LS and VRC07-523LS were
delivered subcutaneously, both with and without recombinant human hyaluronidase (ENHANZE™ Drug Product, or EDP).
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were referenced against the most common group. The stepwise for-
ward addition and backward elimination procedure with predefined
significance levels (0.05 for inclusion and 0.01 for removal) helped
refine the model, ensuring physiologically and pharmacologically
relevant covariates were included. The final model was assessed using
standard diagnostic plots and visual predictive checks, simulating
concentration-time profiles based on 1000 replicates for comparison
with observed data to validate the model’s predictive accuracy.

Anti-drug antibody assay
A three-tiered approach was used to evaluate ADAs using an MSD ECL
bridging assay (tiers 1 and 2) and a neutralization assay (tier 3). Briefly,
for the tier 1 assay, we incubated serially diluted sera with a fixed
amount of SULFO TAG CAP256V2LS or VRC07-523LS and corre-
sponding biotinylated CAP256V2LS or VRC07-523LS. The mixture was
added to streptavidin-coated MSD plates and analyzed with an MSD
Sector instrument. ECL intensity higher than the pre-determined
positivity cut-off pointwas consideredpositive. Positive serawere then
evaluated in the tier 2 assay, where samples were pre-incubated with
andwithout unlabeled CAP256V2LS or VRC07-523LS and evaluated for
a reduction of ECL intensity. We used a tier 3 confirmatory HIV-1
neutralization assay to functionally characterize samples that were tier
2 positive. For this assay, we added unlabeled CAP256V2LS or VRC07-
523LS to the serum sample at the antibody IC80 concentration of the
DU156·12 pseudovirus. Any neutralization readout lower than 50%
neutralization by the spiked sample was reported to have
functional ADA.

Statistics and reproducibility
The CAPRISA 012B study was divided into four distinct groups evalu-
ating different administration strategies for bNAbs (Fig. 4).
CAP256V2LS and VRC07-523LS were delivered subcutaneously, both
with and without recombinant human hyaluronidase (ENHANZE™
Drug Product, or EDP).

Group 1 involved a dose-escalation of CAP256V2LS administered
intravenously. Group 2 assessed subcutaneous dose-escalation of
CAP256V2LS. Group 3 evaluated the subcutaneous co-administration
of CAP256V2LS and VRC07-523LS in a dose-escalation format. Detailed
findings for these groups have been reported by Mahomed et al.6

In Group 4, participants received fixed doses of antibodies with or
without EDP, divided into three subgroups: 1200mg CAP256V2LS or
placebo (4a), 1200mg VRC07-523LS or placebo (4b), and 1200mg
CAP256V2LS followed by 1200mg VRC07-523LS or placebo (4c). Each
subgroup included five participants in a 4:1 ratio of active treatment to
placebo.

Participants were excluded based on factors relating to retention,
clinical decision, and declined enrollment (Fig. 4).

Summary statistics were presented as medians and interquartile
ranges for continuous variables, while categorical variables were
summarized using frequencies and percentages.

Data availability
The data generated in this study are provided in the Supplementary
Information/Sourcedatafiles Sourcedata areprovidedwith this paper.
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