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Summary
Background Young women in sub-Saharan Africa continue to bear a high burden of HIV infection. Combination anti-
HIV monoclonal antibodies are a potential HIV prevention technology that could overcome adherence challenges of 
daily oral pre-exposure prophylaxis. In this phase 1 clinical trial we aimed to determine the safety and pharmacokinetic 
profile of the broadly neutralising monoclonal antibody CAP256V2LS.

Methods CAPRISA 012B, a first-in-human dose-escalation phase 1 trial evaluated the safety, pharmacokinetics, and 
neutralisation activity of CAP256V2LS alone and in combination with VRC07-523LS in young HIV-negative women 
in Durban, South Africa. Groups 1 and 2 were open label with CAP256V2LS administered at 5 mg/kg and 10 mg/kg 
intravenously and 5 mg/kg, 10 mg/kg, and 20 mg/kg subcutaneously. In group 3, participants were randomly 
allocated to receive a combination of CAP256V2LS and VRC07-523LS at 10 mg/kg and 20 mg/kg subcutaneously 
comixed with ENHANZE, a recombinant human hyaluronidase. Once safety was established in the first 
three participants, dose escalation took place sequentially following review of safety data. Primary endpoints were the 
proportion of participants with mild, moderate, and severe reactogenicity or adverse events, graded as per the Division 
of AIDS toxicity grading. The trial is registered on the Pan African Clinical Trial Registry, PACTR202003767867253, 
and is recruiting.

Findings From July 13, 2020, to Jan 13, 2021, 42 HIV-negative women, aged 18–45 years, were enrolled. All 
42 participants, eight with intravenous and 34 with subcutaneous administration, completed the trial. There were no 
serious adverse events or dose-limiting toxicities. Most commonly reported symptoms following intravenous 
administration were headaches in seven (88%) and nausea in four (50%) participants. Commonly reported symptoms 
following subcutaneous administration were headache in 31 (91%), chills in 25 (74%), and malaise or fatigue 
in 19 (56%) participants. Adverse events included transient lymphocytopenia in eight (19%), proteinuria in 
nine (21%), elevated aspartate aminotransferase in ten (24%), and alanine aminotransferase in five (12%) participants.

Interpretation CAP256V2LS administered alone and in combination with VRC07-523LS was safe with favourable 
pharmacokinetics and neutralisation activity, supporting further assessment in larger clinical studies.

Funding European and Developing Countries Clinical Trials Partnership, South African Medical Research Council, 
and South African Department of Science and Innovation.

Copyright © 2023 The Author(s). Published by Elsevier Ltd.

Introduction
In 2020 there were an estimated 1·5 million new HIV 
infections worldwide;1 three times higher than the 2020 
target of 500 000. Sub-Saharan Africa accounts for 70% of 
global infections and young women contribute to a 
disproportionate burden of new infections. In KwaZulu-
Natal, South Africa, the HIV prevalence has been 
reported as high as 50% when women reach the age of 
25 years.2 Safe and effective HIV prevention technologies 
are needed, particularly for young women in Africa.

Currently, daily oral tenofovir in combination 
with emtricitabine for oral pre-exposure prophylaxis 
(PrEP) is available in most African countries, but 
adherence poses a major barrier to uptake. New 
classes of long-acting antiretroviral drugs such as a 
bimonthly integrase inhibitor cabotegravir and the 
monthly dapivirine-containing vaginal ring have been 
approved by some regulatory authorities for HIV 
prevention but are not yet licensed or available in South 
Africa.3 Passive immunisation using broadly neutralising 
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monoclonal antibodies (bNAbs) are also being evaluated 
in clinical trials.4

While the phase 2b Antibody Mediated Prevention trial 
did not show efficacy of VRC01 in HIV prevention, it 
provided initial evidence that bNAbs can prevent HIV 
infection in the subgroup of viruses that were sensitive to 
the administered antibody.5,6 Intravenous VRC01 was 
75% effective at preventing acquisition of HIV strains 
with an in-vitro sensitivity inhibitory concentration 80% 
(IC₈₀) of less than 1 μg/mL. These results highlighted the 
need for more potent bNAbs to be administered in 
combination to address HIV diversity and viral 
resistance.7

In 2004, the Centre for the AIDS Programme of 
Research (CAPRISA) established the CAPRISA 002 

Acute Infection Study in KwaZulu-Natal to advance the 
understanding of HIV clade C pathogenesis and the 
clinical, virological, and immunological presentation of 
clade C infection.8 This ongoing observational study 
initially followed HIV-negative women at high risk of 
acquiring HIV until HIV seroconversion and then 
monitored HIV-positive women until antiretroviral 
therapy (ART) initiation and on ART.8 In 2013, bNAbs 
targeting the V2 region of the HIV-1 envelope glycoprotein 
were isolated from one of the participants in that cohort.9 
One particular bNAb referred to as CAP256-VRC26.25 
was found to be highly potent against circulating strains 
of HIV-1.10,11 Preclinical animal studies showed that 
CAP256-VRC26.25LS was 100% protective against a 
simian HIV (SHIV) challenge, even at the lowest dose of 
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Research in context 

Evidence before this study
At least 17 different broadly neutralising monoclonal antibodies 
(bNAbs), administered either alone or in combination have 
been evaluated for both HIV-1 treatment and prevention 
indications in clinical trials. We searched PubMed on 
June 23, 2022, without any language restriction, using the 
search string “HIV” AND “monoclonal antibody” AND “clinical 
trial”. Only publications from clinical trials evaluating bNAbs 
targeting the HIV-1 envelope in adults were included. Review 
articles, antiretroviral or vaccine-related research, and research 
involving samples from HIV-1 chronically infected individuals, 
were excluded. We retrieved 19 clinical trial publications. 
Of these, three publications evaluated first generation bNAbs, 
including 2G12, 2F5, and 4E10. These earlier bNAbs were found 
to be safe, but displayed short elimination half-lives, ranging 
from 3 to 22 days. Furthermore, they did not have sufficient 
potency and neutralisation breadth, resulting in limited anti-
viral activity. Remaining publications evaluated more recently 
developed bNAbs with increased breadth and potency 
including: VRC01, VRC01LS, 3BNC117,10-1074, VRC07-523LS, 
PGT121, and PGDM1400. Published data indicate that these 
bNAbs are safe and well tolerated, with a half-life ranging from 
15 to 71 days. They also showed enhanced potency requiring 
less frequent administrations to maintain serum concentrations 
at acceptable target levels.

In antiretroviral therapy (ART)-naive individuals infected with 
HIV, bNAbs resulted in the reduction of plasma viraemia and 
delayed viral rebound in individuals during analytical 
antiretroviral treatment interruption. Results from the first 
report of a triple antibody combination evaluating PGDM1400, 
PGT121, and VRC07-523LS, showed safety and tolerability. 
However, in individuals infected with HIV, viral rebound 
occurred in the presence of PGDM1400 and PGT121 selected 
resistance mutations.

Only intravenous VRC01 has advanced to an efficacy trial. 
The antibody mediated prevention trials showed that VRC01 
provided 75% prevention efficacy against antibody-susceptible 

HIV strains. This proof-of-concept trial highlighted that 
combinations of potent bNAbs that are complementary for 
breadth and neutralisation activity are required to overcome 
HIV viral diversity. 

Added value of this study
CAPRISA 012B was a first-in-human phase 1 trial of a bNAb that 
emanated from Africa being tested in Africa, where young 
women are at highest risk of HIV acquisition. The trial evaluated 
two promising bNAbs, CAP256V2LS, which is highly potent, 
and VRC07-523LS, which has broad coverage, administered 
subcutaneously alone and in combination to young 
HIV-negative women in South Africa. In this trial both these 
bNAbs were administered at higher subcutaneous doses than 
previously tested, facilitated using a recombinant human 
hyaluronidase, ENHANZE Drug Product (EDP). EDP temporarily 
breaks down the subcutaneous tissue, allowing for 
administration of larger volumes of product. This is the first 
time that EDP has been used to facilitate the subcutaneous 
administration of therapeutics in the field of HIV. Data from this 
trial can be used to advance bNAbs as a promising HIV 
prevention option. 

Implications of all available evidence
In this trial, subcutaneously administered CAP256V2LS and 
VRC07-523LS at doses of 10 mg/kg or higher achieved 
concentrations above 1 μg/mL and 10 μg/mL respectively, that 
were consistently maintained over 168 days. Furthermore, 
neutralisation data showed that both bNAbs retained their 
functional activity post-infusion and were not prone 
to degradation in vivo.

Subcutaneous administration of potent and broad bNAbs that 
allow administration schedules every 4–6 months could provide 
an alternative to ART-based prevention technologies and add to 
the existing HIV prevention modalities. Data from this trial 
together with other trials evaluating combinations of bNAbs 
are pivotal in the planning and undertaking of larger phase 2b 
and phase 3 studies.
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0·08 mg/kg at serum antibody concentrations of less 
than 0·75 μg/mL.12 In addition to the neutralising activity, 
CAP256-VRC26.25LS mediated antibody-dependent 
cellular cytotoxicity, phagocytosis, and trogocytosis 
indicating that it could act on virus infected cells.13 
Furthermore, CAP256-VRC26.25 neutralised 70% of 
non-clade B viruses, particularly clade C, the dominant 
clade circulating in sub-Saharan Africa.10,14

To increase the half-life of CAP256-VRC26.25, site-
directed mutagenesis was performed to increase antibody 
binding affinity for the neonatal Fc receptor, resulting 
in increased recirculation of functional IgG. CAP256-
VRC26.25 was subsequently modified to increase half-
life and to prevent proteolytic clipping of the heavy chain 
via a single amino acid change made in the CDRH3 
region to improve manufacturability, while preserving its 
neutralisation breadth and potency. This non-clipping 
variant of the antibody is referred to as CAP256V2LS.15

The neutralisation profile of CAP256-VRC26.25LS 
showed complementarity for coadministration with the 
VRC07-523 bNAb.16 VRC07-523 targets the CD4 binding 
site of the HIV-1 Env protein and is a variant of VRC07, 
which is a clonal relative of the VRC01 bNAb, engineered 
to improve half-life, potency, and breadth. VRC07-523LS, 
modified for a longer half-life, was previously evaluated 
in clinical trials and showed safety with favourable 
pharmacokinetic profiles.17,18

The route of administration of bNAbs is influenced by 
potency and resultant volume of study product that needs 
to be administered. ENHANZE drug delivery technology 
uses a proprietary recombinant human hyaluronidase 
referred to as rHuPH20 (Halozyme, San Diego, CA, 
USA) to facilitate the subcutaneous delivery of 
coadministered therapies. ENHANZE drug product 
(EDP) works by transiently and locally degrading 
hyaluronan, enabling larger volumes of product to be 
administered in the subcutaneous space.19

CAPRISA 012B, a first-in-human dose-escalation 
phase 1 trial, evaluated CAP256V2LS alone and in 
combination with VRC07-523LS, and at higher doses 
administered subcutaneously with EDP to young HIV-
negative women in South Africa.

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 Biomedical Research Ethics 
Committee and the South African Health Products 
Regulatory Authority and is available online 
(appendix p 2).

Volunteers were recruited from Durban and 
surrounding areas within KwaZulu-Natal using 
Biomedical Research Ethics Committee-approved study 
materials. Consenting participants who met the trial 
eligibility criteria were enrolled. Participants who met the 

trial eligibility criteria and who gave written consent were 
enrolled. Inclusion criteria were: 18–45-year-old HIV 
uninfected women in good general health, on effective 
contraception and willing to adhere to safer sex practices. 
Exclusion criteria were pregnancy, breastfeeding, weight 
greater than 95 kg, history of alcohol or substance use, 
previous receipt of investigational HIV vaccine, 
monoclonal antibody, or polyclonal immunoglobulin 
products, or history of anaphylaxis, autoimmune disease, 
or current use of immunosuppressive therapy.

Following successful eligibility assessments, partici
pants were enrolled into one of three groups (figure 1). 
Groups 1 and 2 were open-label, while group 3 was double-
blinded and placebo-controlled. Participants in group 1a 
received CAP256V2LS at 5 mg/kg intravenously, followed 
by participants in group 1b who received CAP256V2LS at 
10 mg/kg intravenously. Participants in group 2a received 
CAP256V2LS at 5 mg/kg subcutaneously. Participants 
in group 2b through to 2f received CAP256V2LS at an 
escalating dose of either 5 mg/kg, 10 mg/kg, or 20 mg/kg 
subcutaneously, with EDP. Participants in groups 2d and 
2f received a repeat dose at either 16 or 24 weeks. Groups 3a 
and 3b each enrolled five participants at an active: placebo 
ratio of 4 to 1, who received both CAP256V2LS and 
VRC07-523LS at 10 mg/kg and 20 mg/kg subcutaneously, 
together with EDP.

Once safety was established in the first three participants, 
dose escalation and enrolment into the remaining study 
arms took place sequentially following review of safety 
data at timepoints specified by the protocol safety review 
team. A safety pause rule was initiated if one or more 
participant experienced a related serious adverse event, or 
two or more participants experienced the same grade 3 or 
higher related adverse events.

Randomisation and masking
An unblinded statistician was responsible for generating 
the randomisation sequences where required, using 
SAS software (version 9.4). Participants were allocated 
unique study participant identification numbers. The 
study team used sequentially numbered, opaque, sealed 
envelopes consisting of the group, envelope number, 
and treatment code. Once eligibility was confirmed, 
before enrolment the envelope was opened by the study 
pharmacist. The treatment code was used by the 
unblinded pharmacist only, who was responsible for 
secure storage of envelopes. A randomisation list 
compiled by the unblinded statistician consisting of a 
unique three-digit number, together with the study 
group and corresponding study drug or placebo and 
dosage was also provided to the unblinded pharmacist.

Procedures
The study pharmacist prepared all product doses for 
administration. For intravenous administration, the 
calculated volume of the weight-based dose of study 
product was added to 100 mL of 0·9% sodium chloride. 

For more on this protocol see 
https://www.caprisa.org/Pages/

EDCTP-funded%20studies

See Online for appendix
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Participants assigned to an intravenous administration 
group received study product with a volumetric pump 
over 60 min. If assigned to a subcutaneous 
administration group without EDP, product was 
administered subcutaneously via a standard needle at a 
maximum volume of 2 mL per injection site. Up to four 
administration sites were used and injections were at 
least 5 cm apart. For the subcutaneous groups that used 
EDP, product was administered into the abdomen at a 
single site via an infusion pump at a rate of 1 mL per 
minute. For the antibody combination groups, 
CAP256V2LS and VRC07-523LS were individually 
mixed with 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.

Following product administration, participants were 
observed for 60 min for reactogenicity; and then assessed 
daily at the clinic for 3 days. Further safety assessments 
were conducted at weeks 1, 2, and 4 and then monthly 
until 24 weeks after product administration. To provide 
additional safety monitoring, blood tests for safety were 
done 1 day after product administration. All adverse events 
were recorded until study exit and graded using the 
Medical Dictionary for Regulatory Activities system as per 
the Division of AIDS table for grading the severity of adult 
and paediatric adverse events. Regular safety reviews were 
conducted by the protocol safety review team and the data 
and safety monitoring board. Plasma, serum, and 
peripheral blood mononuclear cells samples were collected 
at predetermined timepoints for endpoint analysis. All 
safety laboratory results were reviewed by a clinician 
before study product administration. HIV testing was 
conducted using an algorithm and HIV immunoassays 
were also evaluated for cross-reactivity.

To evaluate the acceptability of the study product, a 
questionnaire was administered to participants at every 
injection visit and at the study exit visit.

The neutralising activity of antibodies present in 
participant sera was measured in the TZM-bl neutralising 
antibody assay using two Env-pseudotyped viruses 
CE2103 and Q769.d22, with known sensitivity to 
CAP256V2LS and VRC07-523LS, respectively. Env-
pseudotyped viruses were generated by transfection of 
293T/17 cells with Env-expressing plasmid and backbone 
vector (pSG3DEnv). A tier two virus that is sensitive to 
VRC07-523LS but not CAP256V2LS (Q769.d22; subtype 
A) and another sensitive to CAP256V2LS but not 
VRC07-523LS (CE2103; subtype C) were assayed for 
neutralisation titres of each antibody in the serum. A 
murine leukaemia pseudovirus was included in the 
assays as a negative control. Results were displayed as 
the serum dilution that produced 50% neutralisation 
(inhibitory dilution [50%], ID50) of viruses tested.

A quantitative electrochemiluminescence sandwich 
immunoassay technique was performed on the Meso 

Scale Discovery platform to individually determine 
CAP256V2LS and VRC07-523LS concentrations in 
plasma samples (appendix p 2). The amount of 
CAP256V2LS and VRC07-523LS sandwiched by the anti-
idiotypic and anti-human IgG antibodies was directly 
proportional to the concentration of reactive CAP256V2LS 
and VRC07-523LS in each sample. Sample concentrations 
were interpolated from standard curves using Excel and 
GraphPad Prism Software 9.2.0 (GraphPad Software, 
La Jolla, CA, USA). A population pharmacokinetic 
analysis was performed using a two-compartment model 
and the computer program NONMEM (version 7.5, 
ICON Clinical Research, Blue Bell, PA, USA).

A three-tiered approach was used to detect antidrug 
antibody. Tier one and tier two assays were based on the 
Meso Scale Discovery electrochemiluminescence 
homogeneous bridging assay used to individually detect 
the presence of ADA against CAP256V2LS and VRC07-
523LS. A tier three confirmatory HIV neutralisation 
assay was performed using a pseudovirus with an ART 
resistant backbone to functionally characterise the ADA 
in any sample that was tier two positive (appendix p 3).

Outcomes
The primary outcome was the safety and tolerability of 
CAP256V2LS administered alone and in combination 
with VRC07-523LS, assessed as the proportion of 
participants with mild, moderate, and severe 
reactogenicity or adverse events, as per the Division of 
AIDS table for grading the severity of adult and 
paediatric adverse events (version 2.1, July 2017). The 
secondary outcomes measured the pharmacokinetics of 
CAP256V2LS and VRC07-523LS up to 24 weeks after the 
last administered dose.

Statistical analysis
Safety analyses were presented as frequencies and 
percentages. Continuous variables were described with 
medians as well as upper and lower quartiles. Each 
participant’s reactogenicity event was counted once 
under the maximum severity and summarised by study 
group. The number and percentages of participants 
experiencing each specific adverse event was summarised 
by severity and relationship to study product. Each 
participant’s adverse event was counted once under the 
maximum severity or strongest recorded causal 
relationship to study product. The acceptability of the 
subcutaneous injections was measured on a scale of 0–6 
with 0–2 considered unacceptable, 3 uncertain, and 4–6 
acceptable.

The trial was registered on the Pan African Clinical 
Trial Registry, PACTR202003767867253, and is recruiting. 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.
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Results
Between July 13, 2020, and Jan 13, 2021, a total of 
42 healthy women with a median age of 24 years were 
enrolled into the study (figure 1). 40 participants 
received active product and two received placebo. All 
42 participants successfully completed the study. 
The last participant’s follow-up visit occurred on 
Sept 29, 2021. Baseline characteristics of enrolled 
participants are shown in table 1.

Eight participants received study product intra
venously and 34 participants received study product 
subcutaneously. There were no serious adverse events or 
dose-limiting toxicities.

Solicited reactogenicity events ranged from mild to 
severe and all resolved within the reactogenicity 
assessment period of 72 h (table 2). Commonly reported 
symptoms following intravenous administration were 
headaches in seven (88%) of eight participants and nausea 
in four (50%) of eight participants. Commonly reported 
symptoms following subcutaneous administration in the 
34 participants were headache in 31 (91%), chills in 
25 (74%), and malaise or fatigue in 19 (56%).

A total of 137 unsolicited adverse events were reported 
by 38 (90%) of 42 participants. 50 of these events were 
considered related to study product and reported 
by 21 (50%) participants. Common related events 
included a transient decline in lymphocyte counts 

(lymphocytopenia), proteinuria, and a raised aspartate 
aminotransferase.

Eight lymphocytopenia events occurred in eight (19%) of 
42 participants on day 1 and resolved between days 3 and 7. 
Of these, two were mild (lymphocyte count 600–650 cells 
per µL), two moderate (500–599 cells per µL), two severe 
(350–499 cells per µL), and two were graded as potentially 
life threatening (<350 cells per µL). The two grade 3-related 
lymphocytopenia events were observed in one participant 
who received CAP256V2LS at 5 mg/kg subcutaneously 
without EDP and one participant who received 
CAP256V2LS at 20 mg/kg subcutaneously with EDP. The 
two grade 4-related lymphocytopenia events were both 
observed in participants who received a combination of 
CAP256V2LS at 10 mg/kg and VRC07-523LS at 10 mg/kg 
with EDP. These lymphocytopenia events occurred across 
all study groups and therefore were not associated with 
the route of administration, dosage, or EDP use.

The lymphocytopenia on day 1 was accompanied by 
transient non-gradable neutrophilia (as per Division of 
AIDS toxicity grading) and decreased eosinophils and 
monocytes that resolved by day 3. One participant 
with severe lymphocytopenia had a grade 1 transient 
thrombocytopenia on day 3 that resolved the same day. 
There were no other haematological abnormalities. The 
lymphocytopenia cases prompted a protocol specified 
safety review by the data and safety monitoring board. 

Figure 1: CAPRISA 012B dosing table
Groups 1 and 2 were open-label, group 3 was double-blinded and placebo-controlled. 24 participants in groups 1a–2c and 2e were enrolled to receive one dose of CAP256V2LS with or without EDP; 
eight participants in groups 2d and 2f were enrolled to receive two doses of CAP256V2LS (second repeat dose at either week 16 or week 24), and ten participants in group 3a and 3b were enrolled to 
receive CAP256V2LS plus VRC07-523LS with EDP once (n=4) or twice (second repeat dose at week 24; n=4) or placebo (control group, n=2). EDP=ENHANZE drug product. bNAb=broadly neutralising 
monoclonal antibody. *bNAb administered with EDP. †Four participants allocated to treatment and one participant allocated to placebo.

42 included in analysis 

42 enrolled 

152 patients assessed for eligibility

110 excluded
105 clinical decision

1 possible challenge with retention
4 declined enrolment

Group 3b
20 mg/kg 
subcutaneous 
CAP256V2LS* + 
20 mg/kg 
subcutaneous 
VRC07-523LS* 
two times

Group 3a
10 mg/kg 
subcutaneous 
CAP256V2LS* + 
10 mg/kg 
subcutaneous 
VRC07-523LS* 
once

Group 2f
20 mg/kg  
subcutaneous 
CAP256V2LS* 
two times

Group 2e
20 mg/kg  
subcutaneous 
CAP256V2LS* 
once

Group 2d
10 mg/kg  
subcutaneous 
CAP256V2LS* 
two times

Group 2c
10 mg/kg  
subcutaneous 
CAP256V2LS* 
once

Group 2b
5 mg/kg  
subcutaneous 
CAP256V2LS* 
once

Group 2a
5 mg/kg  
subcutaneous 
CAP256V2LS 
once

Group 1b
10 mg/kg 
intravenous 
CAP256V2LS 
once

Group 1a
5 mg/kg 
intravenous 
CAP256V2LS 
once

5 completed 
and exited 
the study

5 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study

4 completed 
and exited 
the study
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A review was also conducted by six independent 
haematologists with consensus that these cases were 
transient and not clinically significant.

There were ten proteinuria events in nine (21%) of 
42 participants, of which seven were mild and three were 
moderate. There were ten events of increased aspartate 
aminotransferase in ten (24%) of 42 participants, all of 
which were mild. There were seven events of increased 
alanine aminotransferase in five (12%) of 42 participants, 
of which six were mild and one was moderate. 
One participant, who had received placebo, seroconverted 
to HIV while on the study. No ADA was detected.

All 42 participants found intravenous and subcutaneous 
administration acceptable. All stated that, if effective, 
they were likely to recommend the injection to others 
and 40 (95%) of 42 participants indicated that they would 
be happy to disclose the receipt of the injection to their 
partners. 38 (90%) of 42 participants found the injection 
schedule of two to three injections per year acceptable.

The pharmacokinetic analysis included eight partici
pants who received intravenous and 32 participants who 
received subcutaneous study product (table 2). Initial 
concentrations following intravenous administration were 
higher but declined rapidly and were slightly below 
subcutaneous concentrations at later timepoints sug
gesting high bioavailability following the subcutaneous 
route (figure 2A–D). CAP256V2LS concentrations were 
below 10 μg/mL in the 10 mg/kg and 20 mg/kg groups and 
remained at or above 1 μg/mL at 24 weeks. VRC07-523LS 
sera antibody concentrations remained above 10 μg/mL in 
the 10 mg/kg and 20 mg/kg combination groups at 
24 weeks (figure 2A).

Median CAP256V2LS concentrations following 
5 mg/kg and 10 mg/kg intravenous infusions were 
1·54 μg/mL (IQR 1·19–2·51) and 3·95 μg/mL 
(IQR 1·68–4·61) at 16 weeks and 0·40 μg/mL 
(IQR 0·40–1·28) and 2·02 μg/mL (IQR 1·16–2·81) at 
24 weeks. Median concentrations following 5 mg/kg 
subcutaneous administration without EDP were 
2·30 μg/mL (IQR 1·59–2·91) at 16 weeks and 
0·80 μg/mL (IQR 0·40–1·79) at 24 weeks. Concentrations 
following subcutaneous administration with EDP were 
relatively linear across doses with concentrations 
increasing with higher doses (figure 2B). The median 
observed CAP256V2LS concentrations following 
5 mg/kg, 10 mg/kg, and 20 mg/kg subcutaneous doses 
with EDP were 2·62 μg/mL (IQR 1·88–2·73), 
7·34 μg/mL (IQR 5·48–7·89), and 13·35 μg/mL 
(IQR 11·24–15·25) at 16 weeks and 1·80 μg/mL 
(IQR 1·38–2·15), 2·28 μg/mL (IQR 2·1–3·42), and 
4·07 μg/mL (IQR 3·05–5·76) at 24 weeks. Concurrent 
administration of VRC07-523LS raised the concentration 
of CAP256V2LS, with a modest effect confounded by 
high variability and potential dose effect (figure 2C). 
CAP256V2LS had median concentrations of 4·07 μg/mL 
(IQR 3·05–5·76) when administered alone and 
5·99 μg/mL (IQR 3·73–8·05) when administered in 
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combination with VRC07-523LS (figure 3A, table 3; 
appendix p 4).

Although the pharmacokinetic analysis was limited to 
the first dose data only, repeat dosing of both 
CAP256V2LS and VRC07-523LS showed a trend towards 
higher concentrations with a second dose due to possible 
dose accumulation (appendix p 5). The maximum 
concentration following the second dose was more than 
double the first dose in all participants despite the pre-
dose concentrations.

Higher concentrations of CAP256V2LS were seen at 
16 weeks versus 24 weeks (figure 3A). In this study, 
VRC07-523LS was not administered alone; however, data 
from previous trials conducted in the CAPRISA 012A 
trial in South Africa and the USA VRC 605 trial show 
that concentrations of VRC07-523LS are higher when 
combined with CAP256V2LS (figure 3B, appendix p 6). 
The estimated half-life following subcutaneous 
administration was 43 days for CAP256V2LS and 66 days 
for VRC07-523LS. Participants who received repeat doses 
showed no evidence of diminished peak or trough 
concentrations.

Pharmacokinetic simulations using steady state troughs 
on 20 mg/kg every 24 weeks for CAP256V2LS and 
VRC07-523LS were also conducted. CAP256V2LS 
concentrations were greater than 1 μg/mL in 95% of 
simulations but only 46% were greater than 5 μg/mL. At 
the same dosage, VRC07-523LS maintained concentrations 
greater than 1 μg/mL in all simulations and 97% were 
predicted to be greater than 10 μg/mL (figure 3C).

The use of EDP with 5 mg/kg CAP256V2LS via a 
subcutaneous pump resulted in a modest increase in 
antibody concentrations, suggesting that coadmini
stration of EDP might increase the rate of absorption 
(figure 2D). EDP did not appear to impact early 
CAP256V2LS concentrations, but concentrations at 
8 weeks and beyond tended to be higher with EDP. 
It should be noted that CAP256V2LS without EDP was 
administered as multiple injections at different sites 
rather than via a subcutaneous pump, which is the 
probable cause of the earlier and higher maximum 
concentration for 5 mg/kg without EDP, since 
CAP256V2LS was dispersed over several sites resulting in 
improved absorption compared with the one site with 
EDP. When pharmacokinetic profiles were compared 
with data from the CAPRISA 012A and VRC 605 trials 
where EDP was not used, the maximum concentration 
was similar at earlier timepoints, but later concentrations 
appeared higher for CAP256V2LS and VRC07-523LS, 
suggesting a minor alteration in absorption although 
confounded by combination antibody use (figure 3B).

Serum neutralisation titres were assessed by TZM-bl 
neutralisation assays using two pseudoviruses that were 
highly sensitive to the respective antibodies. For 
CAP256V2LS the virus CE2103 with an inhibitory 
concentration ([50%] IC₅₀) of 0·0003 µg/mL was used 
and for VRC07-523LS the virus strain Q769.d22 with an 
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IC₅₀ of 0·008 µg/mL was used. As the sensitivity of the 
virus strain determined the titre measured in plasma, 
higher absolute titres were recorded for CAP256V2LS 
compared with VRC07-523LS. There was a wider range 
observed for neutralisation in the 5 mg/kg group who 
received CAP256V2LS via subcutaneous administration 
compared with those given intravenous infusions. For 
the 10 mg/kg group the peak titre was higher in the 
intravenous group compared with the subcutaneous 
administration group. The neutralisation titre peak 
was observed on average at day 1 for intravenous 
administrations and from day 2 for subcutaneous 
administrations.

The 20 mg/kg group achieved much higher titres than 
the lower dose groups, but the rate of decay was similar, 
and titres dropped to undetectable levels by week 16. 
There was no difference in the peak titres whether the 
repeat dose was given at 16 weeks or 24 weeks. However, 
the peaks after the second infusion in both groups 
appeared slightly lower than the peaks after the first 
dose. When both CAP256V2LS and VRC07-523LS 
antibodies were administered in combination a similar 
profile of timing of the peaks was observed, but the decay 
rate was quicker for CAP256V2LS (appendix p 7). The 
patterns seen here correspond to ELISA data, 

highlighting that the antibodies are functional and are 
still able to neutralise at late timepoints.

Discussion
The CAPRISA 012B trial was the first trial to evaluate 
human safety and pharmacokinetic profile of the 
engineered CAP256V2LS, a potent bNAb. It was also 
the first trial to investigate the subcutaneous 
administration of a bNAb alone and in combination to 
women as a PrEP concept in an HIV endemic setting. 
Finally, this trial evaluated for the first time the use of 
EDP with a bNAb as a concept for HIV prevention, 
potentially allowing for increased volumes of bNAbs to 
be administered subcutaneously. The trial found 
that CAP256V2LS and VRC07-523LS administered 
subcutaneously alone and in combination, with 
or without EDP, was safe and well tolerated, 
with detectable antibody concentrations 6 months 
after product administration. CAP256V2LS and 
VRC07-523LS maintained functional activity post-
administration in all groups as measured by 
neutralising activity in serum.

Although the safety profile of bNAbs is reassuring, 
reactogenicity events were reported in the majority of 
participants and thus the safety profile should be further 

Figure 2: Median concentrations of the study drug per study group
(A) CAP256V2LS and VRC07-523LS. (B) CAP256V2LS. (C) CAP256V2LS administered subcutaneously alone and in combination with VRC07-523LS. (D) CAP256V2LS 
administered at 5 mg/kg intravenously, at 5 mg/kg without EDP, and at 5 mg/kg with EDP. EDP=ENHANZE drug product. bNAb=broadly neutralising monoclonal 
antibody. *bNAb administered with EDP.
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evaluated in larger trials. The reactogenicity events 
observed in this trial could be due to the antibody being 
more immunogenic or due to the enhanced safety 
assessments specific to this trial. Factors that might 
influence reactogenicity include host-derived factors 
including age and gender, and extrinsic factors such as 
injection technique and dosing.20 Although data remain 
scarce, it has been postulated that increased reactogenicity 
is a predictive sign of a robust immune response after 
vaccination.21,22 In this trial reactogenicity monitoring 
occurred daily at the clinic for 3 days, in contrast with 
previous bNAb trials where participants were not 
assessed at the clinic daily, unless warranted.17,23 
Participants were not pre-medicated with anti-
inflammatory medication before the administration.

This trial identified a transient lymphocytopenia 1 day 
after product administration in some participants. Pre-
clinical toxicity studies of CAP256V2LS and other 
antibodies concur with the transient lymphocytopenia. 
Possible explanations are the margination, migration, 
and redistribution of lymphocytes. Transient lympho
cytopenia has been observed in animal studies and 
human studies following the administration of 
immunotherapy with antibodies in oncology. It is not 
clear whether this occurs with other anti-HIV bNAbs in 
human trials because none of the other trials evaluated 
blood profiles on day 1 after product administration.

CAP256V2LS in combination with VRC07-523LS 
resulted in higher antibody concentrations. In 
the  CAPRISA 012A trial, VRC07-523LS antibody 

Figure 3: Median and predicted concentrations of the study drug per study group
(A) CAP256V2LS concentrations at 16 weeks (left graph) and 24 weeks (right graph); in 10 mg/kg and 20 mg/kg combined group CAP256V2LS was administered in combination with VRC07-523LS. 
(B) VRC07-523LS concentrations in CAPRISA 012A (without EDP), CAPRISA 012B (with EDP), and VRC605 trials (without EDP). (C) Predicted bNAb concentration simulations of 20 mg/kg 
CAP256V2LS and VRC07-523LS using two-time scales. EDP=ENHANZE drug product. bNAb=broadly neutralising monoclonal antibodies.
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concentrations were similar when given in combination 
with PGT121, with repeat pharmacokinetic dosing 
resulted in similar profiles after the first and second 
dose.18 In other trials, combinations of 3BNC117 and 
10-1074 showed that single versus co-administration did 
not significantly influence the elimination half-life of 
3BNC117.24 The combination of PGDM1400, PGT121, and 
VRC07-523LS has been shown to be safe with a favourable 
pharmacokinetic profile,25 and a triple combination 
trial assessing VRC07-523LS, PGT121.414.LS, and 
PGDM1400LS is ongoing. Preclinical evidence of 
synergistic neutralisation potency and enhanced 
therapeutic activity have been observed with bi-specific 
and tri-specific antibodies, and 10E8.4/iMab and 
SAR441236 are also being assessed in human trials.4

Target trough concentrations sufficient for protection 
have not been defined or selected for CAP256V2LS or 
VRC07-523LS. In non-human primate SHIV-325c 
challenge studies, PGDM1400 was fully protective at 
0·4 mg/kg whereas CAP256-VRC26.25-LS was fully 
protective at the lowest dose of 0·08 mg/kg, even with 
serum antibody concentrations of less than 0·75 μg/mL.26 
In-vitro IC₈₀ values were 0·104 μg/mL and 0·006 μg/mL 
for PGDM1400 and CAP256-VRC26.25-LS respectively. 
Challenge studies of VRC01, PGT121, 3BNC117, and 
10-1074 have also shown protection.27,28 In VRC01 challenge 
studies, infections occurred when VRC01 concentrations 
were less than 10 μg/mL for viruses with an IC₅₀ of 
2·06 μg/mL and IC₈₀ of 7·14 μg/mL and in the Antibody 
Mediated Prevention trial, antibody concentrations above 
1 μg/mL were sufficient for protection.28

This is the first time EDP has been used to facilitate 
the subcutaneous administration of therapeutics in 
HIV prevention.18 Although use of a subcutaneous 
pump was required in this trial, administration was 
relatively rapid (maximum of 18 min) and uneventful. 
Clinical trials in oncology evaluating EDP have shown 
safety and improved antibody pharmacokinetic profile.19 
Several monoclonal antibodies used in the treatment of 
cancers have now been licenced as co-formulated 
products using the ENHANZE technology.29 Unfortun
ately, in this trial, all higher doses of bNAbs 
administered were co-mixed with EDP and therefore a 
comparison between EDP-containing study arms and 
study arms without EDP could not be made. Further 
assessment on practicality, safety, and effect on 
pharmacokinetic profile are required in larger trials. 
The use of EDP is being evaluated with N6LS in a 
phase 1 trial. EDP is also being explored for the long-
acting injectable cabotegravir.30

Limitations of the study include the small sample size, 
which is characteristic of phase 1 trials and the inclusion 
of women only due to the prioritisation of women for 
HIV prevention technologies in this trial. The omission 
of comparator non-EDP containing study arms to 
determine the effect of EDP on pharmacokinetic profile 
is a further limitation of this study.
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CAP256V2LS is one of the most potent antibodies 
described to date and in combination with VRC07-523LS 
is predicted to provide significant coverage of global 
isolates. Neutralisation data from this trial showed that 
both antibodies retained their functional activity post-
infusion. This suggests that the CAP256V2LS antibody is 
not prone to degradation in vivo. Furthermore, the 
neutralising capacity of both CAP256V2LS and VRC07-
523LS was not affected by subcutaneous administration 
or the use of EDP.

CAPRISA 012C is a phase 2 trial that is currently 
assessing repeat dosing of CAP256V2LS and VRC07-
523LS in combination. The overall strategy is to maintain 
effective concentrations for both bNAbs at all times and to 
avoid timepoints in the dose interval where a single bNAb 
is at an effective concentration. The maximum dosing 
interval will be driven by the bNAb with the shorter half-
life, VRC07-523LS. The difference in half-life can be 
addressed by giving larger VRC07-523LS doses than 
CAP256V2LS. Alternatively, VRC07-523LS or both bNAbs 
can be administered more frequently. In the CAPRISA 
012C trial, CAP256V2LS and VRC07-523LS will be initially 
administered at a loading dose of 1·2 g, followed by 
CAP256V2LS at a dose of 600 mg and VRC07-523LS at a 
higher dose of 1·2 g every 6 months. Results from 
CAPRISA 012C will provide further guidance on whether 
the combination of bNAbs CAP256V2LS and VRC07-523LS 
is safe and effective as a HIV prevention strategy for young 
African women at highest risk of HIV acquisition.
Contributors
SSAK is the principal investigator of CAPRISA 012B. QAK and SM are 
co-principal investigators. NG contributed to conception and design. 
EC conducted the pharmacokinetic analysis and pharmacokinetic 
modelling. SM and IH contributed to clinical investigations and sample 
collection. NYZ and FO contributed to data analysis and interpretation. 
NNM, PLM, LM, SN, and AM conducted neutralisation assays and 
analysed the data. KC, PLM, NDR, JRM, and LM contributed to antibody 
development. CB, TG, LEM, DA, NS, AW, NDR, and JRM contributed to 
the planning and conduct of the trial. SM wrote the first draft of the 
manuscript. NYZ, FO, SM, NG, and SSAK accessed and verified the 
data. All authors reviewed the final draft of the manuscript and approved 
the final version. All authors had full access to all the data in the study 
and had final responsibility for the decision to submit for publication.

Declaration of interests
NDR, JRM, PLM, LM, and SSAK are listed as co-inventors on patent US 
10 519 222, issued 2019, on broadly neutralising monoclonal antibodies 
against the HIV-1 V1V2 env region. QAK is a co-chair on the UN 
Sustainable Development Goals 10 Member Technology Facilitation 
Mechanism, on the Vice-Chair Advisory Group of the WHO–Human 
Reproduction Programme Alliance Advisory Board, and the President of 
the World Academy of Science. SAK is a member of the WHO Science 
Council and the Vice-President of the International Science Council. 
SAK has received honoraria for participation in the Sanofi medical 
advisory committee on COVID-19 vaccines and was sponsored by Sanofi 
for the 2022 Options for the Control of Influenza conference in Belfast, 
UK. All other authors declare no competing interests.

Data sharing
Summary results of the trial will be made publicly available through the 
clinical trial registry as de-identified data. Any datasets used for analysis 
in publications can be requested by investigators via an online request to 
the organisation. Any additional data may be made available upon 
request to the corresponding author.

Acknowledgments
This study was supported principally by the European and Developing 
Countries Clinical Trials Partnership (EDCTP grant number 
RIA2017S). Funding was also provided by the South African Medical 
Research Council with funds from the South African Department of 
Science and Innovation and the Department of National Health 
through its Special Initiative on HIV Prevention Technology. In-kind 
support with study product was provided by the International AIDS 
Vaccine Initiative and by the Vaccine Research Center of the National 
Institute of Allergy and Infectious Diseases, National Institutes of 
Health, and Halozyme. We thank the study team and the study 
participants for their contribution to the CAPRISA 012B trial and for 
furthering HIV prevention research. We thank Tandile Hermanus, 
Prudence Kgagudi, Haajira Kaldine and Bronwen Lambson from the 
National Institute for Communicable Diseases for assisting with the 
neutralisation assays and analysis. We thank the National Institute 
Health–National Institute of Allergy and Infectious Diseases (NIH–
NIAID), Vaccine Research Centre (VRC) for conducting the ELISA 
assays. We thank Manjula Basappa, Mike Castro, and Leonid 
Serebryannyy for their work on the ELISA assays. We thank Bob Lin 
and Muhammed Naqvi for their work on the ADA assay development, 
testing, and analysis. We thank the NIAID VRC Vaccine Production 
Program, Office of Regulatory Science, Clinical Trials Program and 
Vaccine Immunology Program and the VRC Pilot Plant, operated by 
the Vaccine Clinical Materials Program at Leidos Biomedical Research 
for study product provision. We thank Halozyme Therapeutics for the 
provision of ENHANZE drug product, and we thank Mayank Patel and 
Kenny Israni for their collaborations. We thank the CAPRISA 012B 
Protocol Safety Review Team and the Data and Safety Monitoring Board 
members for providing trial oversight.

References
1	 WHO. Global progress report on HIV, viral hepatitis and sexually 

transmitted infections, 2021: accountability for the global health 
sector strategies 2016–2021: actions for impact. Geneva: 
World Health Organization, 2021.

2	 de Oliveira T, Kharsany AB, Gräf T, et al. Transmission networks 
and risk of HIV infection in KwaZulu-Natal, South Africa: 
a community-wide phylogenetic study. Lancet HIV 2017; 4: e41–50.

3	 Bares SH, Scarsi KK. A new paradigm for antiretroviral delivery: 
long-acting cabotegravir and rilpivirine for the treatment and 
prevention of HIV. Curr Opin HIV AIDS 2022; 17: 22–31.

4	 Mahomed S, Garrett N, Baxter C, et al. Clinical trials of broadly 
neutralizing monoclonal antibodies for HIV prevention: a review. 
J Infect Dis 2021; 223: 370–80.

5	 Moore PL, Gray ES, Wibmer CK, et al. Evolution of an HIV 
glycan-dependent broadly neutralizing antibody epitope through 
immune escape. Nat Med 2012; 18: 1688–92.

6	 Gray ES, Madiga MC, Hermanus T, et al. The neutralization 
breadth of HIV-1 develops incrementally over four years and is 
associated with CD4+ T cell decline and high viral load during acute 
infection. J Virol 2011; 85: 4828–40.

7	 Corey L, Gilbert PB, Juraska M, et al. Two randomized trials of 
neutralizing antibodies to prevent HIV-1 acquisition. N Engl J Med 
2021; 384: 1003–14.

8	 van Loggerenberg F, Mlisana K, Williamson C, et al. Establishing 
a cohort at high risk of HIV infection in South Africa: challenges 
and experiences of the CAPRISA 002 acute infection study. 
PLoS One 2008; 3: e1954.

9	 Doria-Rose NA, Schramm CA, Gorman J, et al. Developmental 
pathway for potent V1V2-directed HIV-neutralizing antibodies. 
Nature 2014; 509: 55–62.

10	 Doria-Rose NA, Bhiman JN, Roark RS, et al. New member of the 
V1V2-directed CAP256-VRC26 lineage that shows increased breadth 
and exceptional potency. J Virol 2015; 90: 76–91.

11	 Bhiman JN, Anthony C, Doria-Rose NA, et al. Viral variants that 
initiate and drive maturation of V1V2-directed HIV-1 broadly 
neutralizing antibodies. Nat Med 2015; 21: 1332–36.

12	 Julg B, Tartaglia LJ, Keele BF, et al. Broadly neutralizing antibodies 
targeting the HIV-1 envelope V2 apex confer protection against 
a clade C SHIV challenge. Sci Transl Med 2017; 9: eaal1321.

13	 Richardson SI, Moore PL. The antibody response in HIV-1-infected 
donors. Curr Opin HIV AIDS 2019; 14: 233–39.



Articles

www.thelancet.com/hiv   Vol 10   April 2023	 e243

14	 Williamson C, Morris L, Maughan MF, et al. Characterization and 
selection of HIV-1 subtype C isolates for use in vaccine 
development. AIDS Res Hum Retroviruses 2003; 19: 133–44.

15	 Ivleva VB, Schneck NA, Gollapudi D, Arnold F, Cooper JW, Lei QP. 
Investigation of sequence clipping and structural heterogeneity of 
an HIV broadly neutralizing antibody by a comprehensive LC-MS 
analysis. J Am Soc Mass Spectrom 2018; 29: 1512–23.

16	 Wagh K, Bhattacharya T, Williamson C, et al. Optimal combinations 
of broadly neutralizing antibodies for prevention and treatment of 
HIV-1 clade C infection. PLoS Pathog 2016; 12: e1005520.

17	 Gaudinski MR, Houser KV, Doria-Rose NA, et al. Safety and 
pharmacokinetics of broadly neutralising human monoclonal 
antibody VRC07-523LS in healthy adults: a phase 1 dose-escalation 
clinical trial. Lancet HIV 2019; 6: e667–79.

18	 Mahomed S, Garrett N, Capparelli EV, et al. Safety and 
pharmacokinetics of monoclonal antibodies VRC07-523LS and 
PGT121 administered subcutaneously for human 
immunodeficiency virus prevention. J Infect Dis 2022; 226: 510–20.

19	 Locke KW, Maneval DC, LaBarre MJ. ENHANZE® drug delivery 
technology: a novel approach to subcutaneous administration using 
recombinant human hyaluronidase PH20. Drug Deliv 2019; 
26: 98–106.

20	 Zimmermann P, Curtis N. Factors that influence the immune 
response to vaccination. Clin Microbiol Rev 2019; 32: e00084–18.

21	 Dickerson JA, Englund JA, Wang X, et al. Higher antibody 
concentrations in US health care workers associated with greater 
reactogenicity post-vaccination. Vaccines (Basel) 2022; 10: 601.

22   Hervé C, Laupèze B, Del Giudice G, Didierlaurent AM, 
Tavares Da Silva F. The how’s and what’s of vaccine reactogenicity. 
Vaccines (Basel) 2019; 4: 1–11.

23	 Ledgerwood JE, Coates EE, Yamshchikov G, et al. Safety, 
pharmacokinetics and neutralization of the broadly neutralizing 
HIV-1 human monoclonal antibody VRC01 in healthy adults. 
Clin Exp Immunol 2015; 182: 289–301.

24	 Cohen YZ, Butler AL, Millard K, et al. Safety, pharmacokinetics, and 
immunogenicity of the combination of the broadly neutralizing 
anti-HIV-1 antibodies 3BNC117 and 10-1074 in healthy adults: 
a randomized, phase 1 study. PLoS One 2019; 14: e0219142.

25	 Julg B, Stephenson KE, Wagh K, et al. Safety and antiviral activity of 
triple combination broadly neutralizing monoclonal antibody 
therapy against HIV-1: a phase 1 clinical trial. Nat Med 2022; 
28: 1288–96.

26	 Julg B, Tartaglia LJ, Keele BF, et al. Broadly neutralizing antibodies 
targeting the HIV-1 envelope V2 apex confer protection against 
a clade C SHIV challenge. Sci Transl Med 2017; 9: eaal1321.

27	 Moldt B, Rakasz EG, Schultz N, et al. Highly potent HIV-specific 
antibody neutralization in vitro translates into effective protection 
against mucosal SHIV challenge in vivo. Proc Natl Acad Sci USA 
2012; 109: 18921–25.

28	 Gautam R, Nishimura Y, Pegu A, et al. A single injection of 
anti-HIV-1 antibodies protects against repeated SHIV challenges. 
Nature 2016; 533: 105–09.

29	 Mateos M-V, Nahi H, Legiec W, et al. Efficacy and safety of the 
randomized, open-label, non-inferiority, phase 3 study of 
subcutaneous (SC) versus intravenous (IV) daratumumab (DARA) 
administration in patients (pts) with relapsed or refractory multiple 
myeloma (RRMM): COLUMBA. J Clin Oncol 2019; 15: 8005–8005.

30	 Simpson I. Industry news update covering June 2021. Ther Deliv 
2021; 12: 685–91.


	Safety and pharmacokinetics of escalating doses of neutralising monoclonal antibody CAP256V2LS administered with and without VRC07-523LS in HIV-negative women in South Africa (CAPRISA 012B): a phase 1, dose-escalation, randomised controlled trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


