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1 Overview 

Title  

A phase 2b study to evaluate the safety and efficacy of VRC01 broadly neutralizing 

monoclonal antibody in reducing acquisition of HIV-1 infection among men and 

transgender persons who have sex with men  

Primary objectives  

¶ To evaluate the safety and tolerability of VRC01 mAb administered through IV 

infusion in MSM+TG 

¶ To determine if the VRC01 mAb prevents HIV-1 infection and to estimate the level 

of efficacy in MSM+TG  

MSM = men who have sex with men. TG = male-to-female and female-to-male transgender 

persons. 

Study products and routes of administration 

¶ VRC01: human monoclonal antibody (mAb) VRC-HIVMAB060-00-AB in 

formulation buffer at pH 5.8 in sufficient normal saline (Sodium Chloride for 

Injection 0.9%, USP) to be administered at a final volume of 150 mL intravenously 

(IV) 

¶ Control for VRC01: Sodium Chloride for Injection 0.9%, USP administered at a 

volume of 150 mL IV 

Table 1-1 Schema 

   
Infusion schedule (Weeks) 

[A = VRC01 infusion; C = Control infusion] 

 Treatment N* W0 W8 W16 W24 W32 W40 W48 W56 W64 W72 W80
ǅ
 W104Ϟ 

Group 
1 

VRC01  
10 mg/kg  

900 A A A A A A A A A A  
 

Group 
2 

VRC01  
30 mg/kg  

900 A A A A A A A A A A  
 

Group 
3 

Control 900 C C C C C C C C C C  
 

  Total: 2700 (900 VRC01 30 mg/kg; 900 VRC01 10 mg/kg; 900 control) 

* Due to the randomization scheme, the numbers of VRC01 and control recipients may differ slightly. 
ǅ
 Week 80 is the last study visit for the primary endpoint analysis of prevention efficacy. 

Ϟ Week 104 is the last study visit for the co-primary endpoint analysis of safety and tolerability. 

Interim safety assessments will be performed for participants who reach the Week 16 

visit by November 19, 2016 and also through the Week 24 visit for the first 450 enrolled 

participants. Infusions and enrollment will continue while these interim safety 

assessments are conducted. The interim safety reports will be submitted to the DSMB and 

to the US FDA.  
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Participants 

2700 HIV-1ïuninfected MSM and TG who have sex with men or TG, aged 18 to 50 

years, in North America, South America, and Switzerland 

Design 

Multicenter, randomized, controlled, double-blind trial 

Duration per participant 

24 months of scheduled clinic visits  

Estimated total study duration 

62 months (includes enrollment and follow-up, including follow-up for HIV-infected 

participants) 

Investigational New Drug (IND) sponsor 

DAIDS, NIAID, NIH, DHHS (Bethesda, Maryland, USA) 

Study product providers 

Dale and Betty Bumpers Vaccine Research Center (VRC), NIAID, NIH, DHHS 

(Bethesda, Maryland, USA) 

Core operations 

HIV Vaccine Trials Network (HVTN) Leadership Group/Core Operations Center, Fred 

Hutchinson Cancer Research Center (FHCRC) (Seattle, Washington, USA) 

HIV Prevention Trials Network (HPTN) Leadership and Operations Center (LOC), 

FHI360 (Durham, North Carolina, USA) 

Statistical and data management center (SDMC) 

Statistical Center for HIV/AIDS Research and Prevention (SCHARP), FHCRC (Seattle, 

Washington, USA) 

DF/Net Research (Seattle, Washington, USA) 

Endpoint assay laboratories 

¶ University of Washington Virology Specialty Laboratory (UW-VSL) (Seattle, 

Washington, USA) 

¶ Duke University Medical Center (Durham, North Carolina, USA)  

¶ FHCRC/University of Washington (Seattle, Washington, USA) 

¶ South Africa Immunology Laboratory, National Institute for Communicable Diseases 

(SAIL-NICD) (Johannesburg, South Africa) 
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¶ NIAID Vaccine Immune T-Cell Antibody Laboratory (NVITAL) (Gaithersburg, 

Maryland, USA) 

¶ (NIAID) Vaccine Research Center (VRC) (Bethesda, Maryland, USA) 

¶ HPTN Laboratory Center, Johns Hopkins University (JHU) (Baltimore, Maryland, 

USA) 

¶ University of Colorado, Denver (Aurora, Colorado, USA) 

¶ Peru CTU Laboratory (Lima, Peru) 

¶ CADIG - Immunodiagnostic Lab (INI-FIOCRUZ) (Rio de Janeiro, Brazil) 

Study sites 

Clinical Research Sites (CRSs) to be specified in the Site Announcement Memo 

Safety monitoring 

HVTN 704/HPTN 085 Protocol Safety Review Team (PSRT); NIAID Data and Safety 

Monitoring Board (DSMB) 
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1.1 Protocol Team 

Protocol leadership 

Chair Lawrence Corey 

HVTN; FHCRC  

206-667-6770 

lcorey@fhcrc.org 

Statisticians Allan DeCamp 

SCHARP, FHCRC 

206-667-7892 

adecamp@scharp.org 

Chair Myron Cohen 

HPTN; University of 

North Carolina 

919-966-2536 

mscohen@med.unc.edu  

 Peter Gilbert 

SCHARP, FHCRC 

206-667-7299 

pgilbert@scharp.org 

Cochairs Srilatha Edupuganti 

Emory University 

404-712-1434 

sedupug@emory.edu 

 Michal Juraska 

SCHARP, FHCRC 

206-667-5568 

mjuraska@scharp.org 

 Nyaradzo Mgodi 

UZ-UCSF 

Collaborative Research 

Programme, Harare, 

Zimbabwe 

263-4-704890 

nmmgodi@uz-

ucsf.co.zw 

 Deborah Donnell 

SCHARP, FHCRC 

206-667-5661 

deborah@scharp.org 

Protocol Team 

leader 

Shelly Karuna 

HVTN Core, FHCRC 

206-667-4355 

skaruna@hvtn.org 

Medical officers Margarita Gomez 

Lorenzo 

Vaccine Research 

Program (VRP), DAIDS, 

NIAID  

240-627-3510 

gomezmm@niaid.nih.gov 

HVTN Laboratory 

lead 

John Hural 

HVTN Laboratory 

Program 

206-667-1683 

jhural@hvtn.org 

 David Burns 

Prevention Sciences 

Program (PSP), DAIDS, 

NIAID 

301-435-8896 

burnsda@niaid.nih.gov 

    

Other contributors to the original protocol 

HVTN Core 

medical monitor 

Shelly Karuna 

HVTN Core, FHCRC 

DAIDS Protocol 

pharmacist 

Katherine Shin 

DAIDS, NIAID  

240-627-3047 

Bioethics 

consultant 

Mark Barnes 

HPTN Ethics Working Group 

HVTN Regional 

medical liaison, 

Southern Africa 

Simba Takuva 

HVTN Core, FHCRC 

HVTN/HPTN 

Consultative 

investigators 

Ken Mayer 

Fenway Health, Boston, USA 
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 LaRon Nelson 

Univ. of Rochester Rochester, 

NY, USA 

HVTN Regional 

medical liaison, South 

America 

Robert De La Grecca 

HVTN Core, FHCRC 

 Manuel Villarán 

IMPACTA, Lima, Peru 

HVTN Clinical safety 

specialist 

Maija Anderson 

HVTN Core, FHCRC 

 Sinead Delany-Moretlwe  

Wits Reproductive Health 

and HIV Institute, 

Johannesburg, South Africa 

HVTN Statistical 

research associates 

Nidhi Kochar 

SCHARP, FHCRC 

Product developer 

representatives 

John Mascola 

VRC 

 Abby Isaacs 

SCHARP, FHCRC 

 Barney Graham 

VRC 

 Jing Wang 

SCHARP, FHCRC 

 Julie Ledgerwood 

VRC 

HVTN Social 

behavioral scientist 

Michele Andrasik 

HVTN Core, FHCRC 

HVTN Laboratory 

Program 

representatives 

On Ho 

HVTN Laboratory Program, 

FHCRC 

HPTN LOC director Nirupama Sista 

HPTN LOC, FHI360 

 David Montefiori  

HVTN Laboratory Program, 

Duke Univ., Durham, NC, 

USA 

HPTN Clinical research 

managers 

Philip Andrew 

HPTN LOC, FHI360 

 Robert Coombs  

University of Washington 

Virology Specialty 

Laboratory, Seattle, WA, 

USA 

 Elizabeth Greene 

HPTN LOC, FHI360 

HPTN Laboratory 

Center 

representatives 

Susan Eshleman 

HPTN Laboratory Center 

(LC), Johns Hopkins Univ., 

Baltimore, MD, USA 

HVTN Clinical trials 

manager 

Carissa Karg 

HVTN Core, FHCRC 

 Vanessa Cummings 

HPTN LC, Johns Hopkins 

Univ. 

HPTN SDMC Associate 

director 

Lynda Emel 

SCHARP, FHCRC 

 Estelle Piwowar-Manning 

HPTN LC, Johns Hopkins 

Univ. 

HVTN SDMC Program 

manager 

Gina Escamilla 

SCHARP, FHCRC 

HVTN Regulatory 

affairs 

Megan Brandon 

HVTN Core, FHCRC 

HVTN Protocol 

development manager 

Carter Bentley 

HVTN Core, FHCRC 

Clinic coordinators Debora Dunbar 

University of Pennsylvania, 

Philadelphia, PA, USA 

HVTN Communications 

unit representative 

Jim Maynard  

HVTN Core, FHCRC 

 Ana Patricia Rimachi Quiroz 

Asociación Civil Selva 

Amazónica, Iquitos, Peru 

HVTN Community 

engagement unit 

representative 

Gail Broder  

HVTN Core, FHCRC 

 Christie Heiberg 

Desmond Tutu HIV 

Centre, University of 

Cape Town, Cape 

Town, South Africa 

HPTN Community program 

associates 

Jonathan Lucas  

HPTN LOC, FHI360 
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Community 

Advisory Board 

(CAB) members 

Mark Hubbard 

Vanderbilt University Nashville, 

TN, USA 

 Jontraye Davis  

HPTN LOC, FHI360 

 Likhapha Faku 

HVTN Global CAB Member at 

Large Rustenberg, South Africa 

Community 

educator/recruiters 

DaShawn Usher 

New York Blood Center, 

New York, NY, USA  

 Jim Wick 

Bridge HIV CAB, San Francisco, 

CA, USA 

 Luciana Kamel 

Instituto de Pesquisa 

Clinica Evandro Chagas 

(IPEC), Rio de Janeiro, 

Brazil 

  HVTN Technical 

editor 

Erik Schwab 

HVTN Core, FHCRC 



HVTN 704/HPTN 085 Version 3.0 / June 15, 2017 

HVTN 704_HPTN 085_v3.0_FINAL.docx / Page 11 of 175 

2 Background 

2.1 Rationale for trial concept 

Effective biomedical interventions are needed to reduce the acquisition of HIV. The 

global HIV-1 epidemic continues and while many countries have made progress toward 

leveling HIV prevalence over the last few years, micro-epidemics of infection continue to 

occur in nearly all regions, even in countries possessing the full toolkit of proven 

prevention approaches [1-4]. The World Health Organization (WHO) estimates that there 

were 2 million new HIV infections worldwide in 2014, the last year for which data are 

available [5]. 

Antiretroviral drugs (ARVs) have been shown to be effective for HIV prevention in 

serodiscordant couples when administered to HIV-infected individuals as treatment as 

prevention (TasP) and clinical trials are now underway to evaluate the efficacy of TasP at 

a population level [6]. ARVs have also been shown to be effective as pre- or post-

exposure prophylaxis (PrEP or PEP) [7]. At present daily oral emtricitabine 

(FTC)/tenofovir disoproxil fumarate (TDF) (Truvada) is the only drug approved for PrEP 

use, but this drug combination has significant known side effects [8]. The requirement for 

daily use and the side effect profile have made adherence to this drug regimen 

challenging, especially over long periods of time [9]. As a consequence, the capacity of 

currently available ARV regimens to reduce HIV incidence or prevalence is less than 

optimal. Furthermore, sustained use of ARVs for HIV prevention will increase the 

already significant burden of ARV manufacturing and delivery for HIV treatment, 

especially in countries bearing the highest burden of HIV disease. For these reasons, a 

biomedical HIV prevention approach that exhibits sustained activity over an extended 

time period, that has a safety profile acceptable for healthy persons, and whose 

effectiveness is less dependent upon individual adherence, is still needed.  

An alternative approach to prevention and/or treatment of infectious diseases is passive 

administration of antibodies, a strategy that has been employed for more than 100 years 

against diverse disease targets and that is still used for hepatitis A and B prophylaxis 

[10,11] and for PEP for rabies, measles, varicella zoster, and other infectious diseases 

[12]. Most notably, palivizumab has been used for respiratory syncytial virus (RSV) 

prophylaxis in pre-term and other high-risk infants for nearly two decades. In 1998, a 

multinational, randomized controlled trial showed that palivizumab administered during 

the RSV season reduced RSV-associated hospitalizations by 39ï78% in premature 

infants and in children with bronchopulmonary dysplasia [13]. Subsequent studies have 

confirmed palivizumabôs safety, efficacy, and clinical benefit for infants at high risk for 

RSV infection [14,15]. Hence, palivizumab serves as a model for the use of mAbs to 

block a mucosally-acquired infection. Significantly, passive administration of this 

antibody has also set a standard by which candidate RSV vaccines are evaluated, by 

defining antibody levels that effectively inhibit fusion by RSV. This precedent has 

informed the conceptual framework for this study. 

Over the past several years, there has been a concerted and notably successful effort to 

isolate broadly neutralizing antibodies (bnAb) to HIV-1 from chronically infected donors 

[16-32]. Subsequent research has provided considerable insight into the sites these 

antibodies target on HIV-1 and their functionality (ie, the mechanisms by which they 
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neutralize the virus) [19,20,29,33]. This research has informed efforts to design 

recombinant protein immunogens that can elicit such antibodies [34-37], prompting 

optimism that vaccines that elicit bnAbs against HIV-1 can be developed [35,38]. In 

addition, the availability of bnAbs against HIV opens the exciting possibility of antibody-

mediated prevention (AMP) of HIV infection. 

The Vaccine Research Center (VRC), NIAID, NIH has developed VRC01, a broadly 

neutralizing human mAb that targets the HIV-1 CD4 binding site [18]. This mAb was 

originally discovered in a participant infected with HIV-1 for more than 15 years who 

maintained viral control without use of antiretroviral therapy (ART) [39]. VRC01 has the 

capacity to neutralize a broad range of HIV-1 strains in vitro (Section 2.3) and has 

conferred protection against simian-human immunodeficiency virus (SHIV) challenges in 

nonhuman primate (NHP) studies [40-49] (Section 2.8). It has an acceptable safety 

profile, as seen in previous phase 1 studies (Section 2.9).  

In addition to potentially developing a new HIV prevention modality, evaluating the 

preventive efficacy of mAbs can be expected to inform future HIV vaccine development. 

An important requisite for designing vaccines that elicit bnAbs is determining the level of 

neutralizing activity required to achieve a reasonable degree of protection in humans. It 

will also be important to know whether such levels vary by route of infection or 

neutralizing sensitivity of the infecting isolate. Notably, VRC01 contains the Fc portion 

of IgG1 and has demonstrated other effector functions. Evaluating the role of antibody-

mediated effector functions (eg, antibody-dependent cellular cytotoxicity [ADCC], 

antibody-dependent cellular phagocytosis [ADCP], antibody-dependent cell-mediated 

viral inhibition [ADCVI], antibody-mediated virion capture in mucus, or inhibition of 

viral translocation across epithelial barriers, etc.) in protection is also of critical 

importance (see, eg, [50-53]).  

Although it is not anticipated that this trial will lead directly to licensure, further assessment 

of this VRC01 product will depend on the results of this and other studies. 

2.2 bnAbs to HIV-1 

The last several years have seen a marked increase in the number of well-characterized 

bnAbs to HIV-1. Figure 2-1 shows the names and binding sites of many of these.  

 

 

Figure 2-1 Neutralizing antibody epitopes on native Env timer  
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As shown in Figure 2-2, several of these antibodies have shown considerable breadth of 

neutralization in in vitro testing.  

 

 

 

 

Figure 2-2 Percentage of viruses neutralized at different serum concentrations. 
(A) < 50 mcg/mL; (B) < 10 mcg/mL; (C) < 1 mcg/mL [32,49,54-57].  

B 

C 

A 
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Two antibodies to the CD4 binding site of the HIV-1 envelope, VRC01 and 3BNC117 

(highlighted in red in Figure 2-1), have entered phase 1 clinical trials.  

2.3 VRC01: VRC-HIVMAB060-00-AB 

VRC01 is a human mAb, developed by VRC/NIAID/NIH, directed against the CD4-

binding site of HIV-1. The bulk lot of the drug substance was manufactured under current 

Good Manufacturing Practice (cGMP) conditions in a Chinese Hamster Ovary (CHO) 

cell line and the drug product vials were filled and labeled at the VRC Vaccine Pilot Plant 

(Frederick, Maryland, USA) operated by Leidos Biomedical Research, Inc. (formerly 

SAIC-Frederick), Frederick, Maryland (USA). Product is vialed at a concentration of 100 

mg/mL VRC01 in formulation buffer containing 25 mM sodium citrate, 50 mM sodium 

chloride, and 150 mM L-arginine hydrochloride at pH 5.8. VRC01 was produced using 

recombinant DNA technology. Briefly, using polymerase chain reaction (PCR) 

amplification and cloning of the heavy and light chain variable region genes, a mAb was 

initially isolated from a single B cell from an HIV-1ïinfected subject who displayed 

bnAbs. VRC01 is an IgG1 antibody and is highly somatically mutated from the germ-line 

precursor.  

The VRC01 antibody has been well characterized preclinically and has demonstrated 

favorable characteristics in potency and half-life [19]. In addition, it has demonstrated 

protection in NHP challenge studies (see Section 2.8.1 below). Figure 2-2 shows 

graphically the impressive breadth of VRC01, with 90% of 190 HIV-1 isolates across all 

clades tested showing sensitivity to neutralization by VRC01. As shown in Figure 2-3, 

VRC01 has a 50% inhibitory concentration (IC50) of < 50 mcg/mL against 91% of 

primary HIV-1 isolates and IC50 < 1 mcg/mL against 72% of HIV-1 isolates. Notably, the 

IC50 for the vast majority of HIV-1 isolates tested is < 1 mcg/mL; the geometric mean 

IC50 for HIV-1 strains from all clades tested is 0.33 mcg/mL.  
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Virus clade Number of viruses IC50 < 50 mcg/mL IC50 < 10 mcg/mL IC50 < 1 mcg/mL 

A 22 100% 100% 95% 

B 49 96% 94% 80% 

C 38 87% 84% 66% 

D 8 88% 88% 50% 

CrRF01_AE 18 89% 83% 61% 

CRF02_AG 16 81% 75% 56% 

G 10 90% 90% 90% 

CRF07_BC 11 100% 91% 45% 

Other 18 83% 83% 78% 

Total 190 91% 88% 72% 

Figure 2-3 CD4 binding site antibody: VRC01 [18,19] 

Details on VRC01 composition and manufacturing can be found in the investigatorôs 

brochure (IB). 

2.4 Trial design rationale 

Several considerations inform the design of this test-of-concept phase 2b study. The first 

is to establish that passive administration of bnAbs can block HIV acquisition. Based on 

data from in vitro neutralization studies, the NHP challenge studies described below, and 

pharmacokinetic (PK) data from the phase 1 clinical trials VRC 602 and HVTN 104, the 

doses selected are designed to elucidate the activity of the antibody across a range of 

serum concentrations in a diverse population of at-risk persons in multiple geographic 

regions of the world. The study is designed to define the optimal dosage for widespread 

use of the antibody or its subsequent derivatives as well as to benchmark the types of 

effector functions associated with efficacy, thus constituting an important bridge to other 

types of bnAbs and other bnAb delivery systems.  

Inclusion of different doses (ie, in a 3-arm study) is important for a number of reasons. 

First, while the in vitro and NHP challenge data are informative, the VRC01 antibody 

serum level required to provide protection against HIV-1 infection in humans is 

unknown. Some studies suggest that transmitted-founder HIV strains may be more 

sensitive to neutralization than other strains (particularly by VRC01) [58,59], and 

therefore potentially susceptible to even lower antibody doses than those suggested by 

SHIV challenge studies in NHP. It must also be recognized that the lowest challenge 
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doses used in the NHP model likely exceed natural exposure in the majority of 

transmissions in humans.  

Defining the lowest efficacious VRC01 dose is essential for establishing a target product 

profile (TPP), including optimal dosing for clinical use, for this antibody and its 

derivatives. Typically, higher doses of drug products are associated with lower 

tolerability due to side effect profiles or operational features such as length of drug 

administration time (eg, IV infusion time). At present the high dose (30 mg/kg) cannot be 

administered subcutaneously (SC), limiting the feasibility of long-term clinical use. The 

extreme difficulty of scaling IV administration to the populations most in need of 

protection against HIV infection and the complexity and cost of manufacturing mAbs 

would severely limit implementation of this potentially important HIV prevention tool if 

higher doses are required for efficacy. Therefore, it is important to evaluate the efficacy 

achieved at lower antibody concentrations. That lower doses of mAbs may prevent HIV 

acquisition is supported by the high percentage of isolates susceptible in vitro to antibody 

concentrations as low as 1 mcg/mL of VRC01, 1/10 the mean trough level anticipated 

with 30 mg/kg VRC01 dosing every 8 weeks.  

Including a range of doses in this study also facilitates evaluation of antibody effector 

functions, in addition to neutralization, that are associated with protection (eg, virion 

binding, ADCC, ADCP). Note that the relationship of these important functions to 

neutralization is not linear and therefore cannot be inferred directly. This information will 

have important implications for the development of other bnAbs and other biomedical 

HIV prevention modalities. 

Hence, in addition to providing a test of concept for AMP for HIV, if breakthrough 

infections are observed, the data generated by this trial will help guide development of 

functionally-enhanced mAbs and of long-term delivery strategies (eg, vaccine 

immunogen or vectored immunoprophylaxis). This trial affords a unique opportunity to 

correlate serum antibody levels and the potency of effector functions with protective 

efficacy in a trial in which these parameters can be measured close to the time of HIV 

acquisition, providing benchmarks for vaccine development and helping define ñtargetsò 

of antibody effector mechanisms for protein or viral vector based vaccines. The data will 

also provide critical information by which to identify which NHP models (eg, SHIV 

challenge stocks) are most predictive of bnAb efficacy in humans. 

2.4.1 Cohort selection 

The study will be conducted among 2700 men and TG in North America, South America, 

and Switzerland who have anal sex with men or TG partners. The trial sample size is 

designed to provide 90% power to detect a prevention efficacy (PE) of 60% (rejecting the 

null hypothesis of 0% PE), based on reasonable assumptions regarding background HIV-

1 incidence, retention, and frequency of infusions.  

With respect to HIV incidence, over the past 25 years, MSM and TG who have sex with 

men have been the only risk groups in the US for which estimated HIV incidence has 

increased, with more recent increases in incidence noted particularly among young MSM 

of color [60,61]. In the US, Latin America, and Switzerland, MSM and TG account for 

more than half of new HIV infections [60,62-64]. In 2013, the estimated rate of new HIV 

diagnoses among Hispanic/Latino males was three times the rate of White males and 

79% of these infections were attributed to male-to-male sexual intercourse [65]. Among 

gay and bisexual men, Black MSM ï especially those between the ages of 13 and 24 ï 
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are most affected by HIV [66]. Indeed, the HPTN 061 study found incidence of almost 

6% annually among young Black MSM [67]; this is far higher than HIV incidence 

reported previously in White MSM. A second study found higher HIV prevalence in 

Black MSM than in White MSM [68].  

We note that a parallel study assessing the safety and preventive efficacy of VRC01 is 

being conducted among 1500 women in sub-Saharan Africa who are at risk of acquiring 

HIV-1 through sexual contact. That study, designated HVTN 703/HPTN 081, will be 

conducted over approximately the same time period as HVTN 704/HPTN 085.  

2.4.2 Dose and schedule  

An equal number of study participants will be randomized to receive VRC01 mAb by IV 

infusion at a dose of 10 mg/kg or 30 mg/kg every 8 weeks or to receive the control by 

infusions every 8 weeks. The 8 week infusion interval represents approximately 4 half-

lives of the study drug (half-life ~14 days based on previous clinical testing; see the IB). 

Infusions will continue for 72 weeks for all groups, with a final primary follow-up visit 

(without infusion) at week 80 and an additional 24 weeks of follow-up without infusions. 

Hence, the study duration for each participant is 104 weeks (2 years). 

Projected serum concentrations of VRC01 are shown in Figure 2-4. This figure plots 

predicted median VRC01 serum concentrations over time based on PK models for 

VRC01 administered at 10 mg/kg every 8 weeks (Panel A) and for VRC01 administered 

at 30 mg/kg every 8 weeks (Panel B). The plots include shaded regions illustrating time 

regions where the study participants have serum concentrations in low, medium, and high 

ranges. Based on in vitro neutralization studies (see Section 2.3) and NHP challenge 

studies (see Section 2.8.1) and assuming that these accurately predict protection in 

humans, the expected trough levels of VRC01 are projected to be an order of magnitude 

higher than the levels required to protect against a majority of circulating HIV-1 strains. 

See Section 2.9.3 and Figure 2-9 for VRC01 serum concentrations reported to date for 

participants administered 10mg/kg and 30mg/kg of VRC01 every 8 weeks in HVTN 104. 
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Figure 2-4 Predicted VRC01 serum concentrations over time. Panel A: Predicted VRC01 
median serum concentration over time (solid lines) for 10 mg/kg IV infusions of VRC01 at 
Weeks 0, 8, 16, 24, 32, 40, 48, 56, 64, 72, with 95% confidence intervals (CI) (dashed lines). 
The shaded regions classify the serum concentration marker S(t) into high, medium, and 
low ranges based on the cut-points 10 and 50 mcg/mL. Panel B: Predicted median VRC01 
serum concentration over time for 30 mg/kg IV infusions of VRC01 at Weeks 0, 8, 16, 24, 32, 
40, 48, 56, 64, 72. The shaded regions classify the serum concentration marker S(t) into 
high, medium, and low ranges based on the cut-points 10 and 50 mcg/mL. PYR = person-
year at risk. 

There is a substantial overlap in the mAb concentrations between the low and high dose 

groups during a considerable period of time after each infusion. This is shown in Figure 

2-5.  
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 10 mg/kg 30 mg/kg Overlap 

High (> 50 mcg/mL) 10% PYRs 50% PYRs 10% PYRs 

Medium (10 to 50 mcg/mL) 40% PYRs 40% PYRs 40% PYRs 

Low (< 10 mcg/mL) 50% PYRs 10 % PYRs 10 % PYRs 

 Total overlap = 60% PYRs 

Figure 2-5 Projected overlap in serum VRC01 concentrations and PYRs of HIV exposure 
between high dose (30 mg/kg) and low dose (10 mg/kg) VRC01 administration 

2.4.3 Choice of control 

Sodium Chloride for Injection 0.9%, USP (referred to as Control) administered IV at a 

volume of 150 mL will serve as an inert control. 

Use of a placebo control in this trial is warranted based on the scientific and public health 

importance of the questions it seeks to answer, the necessity of a placebo control in order 

to assess VRC01 efficacy in preventing HIV-1 infection, and an acceptable risk/benefit 

ratio considering the minimal risk associated with the placebo control selected and its 

administration via a procedure commonly used in clinical care. In addition, the placebo 

control is essential to maintain double-blinding to ensure unbiased assessments of study 

product safety and efficacy, and the use of the placebo control is disclosed fully to study 

participants (see Section 10 of Appendix A). Hence, this trial meets the standards 

commonly required for ethical use of placebo controls in clinical trials [69-71]. 

2.4.4 HIV diagnostic testing  

HIV diagnostic testing will be scheduled at least every four weeks and at any time 

following participant report of possible exposure during the study. See Section 8 for 

further detail on HIV-infection assessment. Participants who are diagnosed with HIV 

infection after enrollment will not receive additional infusions. Infusions will also be 

permanently discontinued for participants who have 2 reactive HIV tests, even if 

subsequent testing indicated that the participant is not HIV infected.  

Based on the schedule of testing, it is possible that a newly infected participant may 

receive an infusion of VRC01 (or Control). This does not appear to pose a safety risk for 

participants based on existing preclinical, clinical, and in vitro data. Specifically, 
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passively-infused VRC01 given to NHP on Day 7 after SHIV SF162P3 infection reduces 

viremia and does not cause clinical harm (see IB). Additionally, passive transfer of 

neutralizing antibodies (at non-protective levels) prior to infection improved control of 

SHIV viremia and was associated with early nAb development in infected infant 

macaques [72]. Furthermore, VRC01 has been evaluated in viremic and aviremic HIV-

infected participants (see Section 2.9.1). VRC01 administration is associated with 

statistically significant transient reductions in HIV viral load in adults with chronic HIV 

infection (see IB), and HIV variants that escape from in vitro VRC01 neutralization have 

reduced viral fitness [73]. Studies evaluating VRC01 in acutely infected subjects are 

being initiated based on these data. 

2.4.5 Trial monitoring 

As this is the first large-scale phase 2b study with IV administration of a biomedical 

intervention for prevention of sexual HIV-1 transmission, the trial design includes an 

early feasibility check. After approximately 120 participants have completed the Week 32 

visit, a treatment-blinded analysis of infusion feasibility will be conducted and reported 

to the DSMB. Enrollment of the remaining study participants will be deemed feasible if 

Ó 80% of those 120 participants remain engaged in the trial and have not declined further 

infusions. Enrollment will not be paused for this feasibility assessment.  

In addition to the feasibility assessment, the study design includes sequential monitoring 

for potential harm, non-efficacy, high efficacy, and futility for assessing prevention 

efficacy. Following similar monitoring procedures developed and implemented for the 

HVTN 505 phase 2b vaccine efficacy trial, potential harm monitoring is maximally 

vigilant by testing for a higher HIV infection rate in the pooled mAb group versus the 

control group after each HIV infection and providing the results to the DSMB after each 

infection starting with the 20
th
 total infection pooled over the study groups. This ensures 

that any potential risk of increased HIV acquisition (negative prevention efficacy [PE]) 

would be detected as early as possible, such that infusions of the mAb could be 

discontinued expeditiously. In addition, the operating characteristics of the trial (Figure 

4-3 and Table 4-2) show that this potential harm-monitoring approach has a low risk of 

stopping the study prematurely if the true PE is 0% or higher. The non-efficacy 

monitoring is conducted approximately every 6 months, and is based on a trigger 

specified in the study monitoring plan. 

At the 6-month intervals, statistical interim analysis reports are provided to the DSMB. 

Gilbert et al [74] describe the conceptual approach to the sequential monitoring of PE, 

where the implementation for the current trial is slightly different. Additional information 

is provided in Section 4.9. Full details regarding implementation of monitoring for this 

trial are contained in a separate trial monitoring plan. 

2.5 Combination Prevention for HIV acquisition 

Participants in all arms of the study will be provided with a comprehensive HIV 

prevention package consistent with all HIV prevention clinical trials. This package 

includes evidence-based behavioral risk reduction counseling [75], free condoms and 

lubricant, explanation and referral for post exposure prophylaxis (PEP) when indicated, 

and access to oral pre-exposure prophylaxis (PrEP, see below). These activities can be 

expected to reduce HIV acquisition below historical levels for MSM. The contribution of 

these efforts will be monitored. Further details on these efforts are provided in the HVTN 
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704/HPTN 085 Study Specific Procedures (SSP) and the HVTN 704/HPTN 085 website. 

It should be emphasized that because the benefit of VRCO1 monoclonal antibody is 

unknown, subjects in each arm of the study will receive the same prevention package. 

2.5.1 Evidence for PrEP efficacy 

Multiple studies in multiple settings have established that daily or pericoital FTC/TDF 

can be highly efficacious in preventing HIV infection in MSM [7,76-80] (see Figure 2-6). 

In addition, evidence suggests that less than perfect adherence to a daily FTC/TDF 

regimen may still provide protection against infection in MSM. For example, post hoc 

analyses from the open label extension to the iPrEx study (iPrEx OLE) suggest that 

consuming 4 tablets of TDF-FTC per week is required to confer protection [76]. 

 

Figure 2-6 Clinical trial efficacy summary of FTC/TDF in MSM 

2.5.2 Evolving PrEP guidelines 

Guidelines for use of fixed dose FTC/TDF for HIV prophylaxis have evolved rapidly. In 

2011, the US Centers for Disease Control and Prevention (CDC) issued interim 

guidelines for use of FTC/TDF as PrEP for high-risk MSM [81]. In 2012, the US FDA 

approved FTC/TDF for HIV prophylaxis in persons at high risk for HIV infection. That 

same year, the World Health Organization (WHO) issued guidance on the use of PrEP for 

serodiscordant couples and for men and TG women who have sex with men [82]. In 

2014, the US CDC issued a further PrEP guidance document and a Clinical Provider 

Supplement confirming the previous recommendation of FTC/TDF PrEP as a prevention 

option for sexually-active adult MSM at substantial risk of HIV acquisition and 

expanding the recommendation to include adult heterosexually active persons at 

substantial risk of HIV acquisition [83,84]. PrEP has since been incorporated into WHO 

guidelines for ARV use for HIV treatment and prevention [85,86]; a revised and more 

comprehensive WHO PrEP guideline is anticipated in 2016.  

2.5.3 Operationalizing PrEP access  

While PrEP efficacy has been demonstrated and is reflected in international guidelines, 

PrEPôs effectiveness depends strongly on uptake and adherence. Only 62% of iPrEx and 

other PrEP trial participants who were eligible to enroll in iPrEx OLE chose to do so; 
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those who declined cited concerns about taking a daily pill and about side effects, among 

other reasons. Further, among those who chose to enroll, only 76% actually initiated 

PrEP [76]. Hence, only about 47% of those eligible initiated PrEP in iPrEx OLE. PrEP 

uptake would seem even less certain among individuals who have not previously chosen 

to participate in an FTC/TDF PrEP trial. 

Limited PrEP uptake has been seen in other settings as well. In a recent PrEP 

demonstration project in San Francisco, Washington DC, and Miami, 60% of those 

eligible chose to initiate PrEP [87]; in the demonstration project PrEP Brasil , 51% of 

MSM elected to start PrEP [88]. Results from HPTN 073, a trial designed specifically to 

address open label, volitional FTC/TDF uptake and usage in 226 African American MSM 

in the US, are anticipated in early 2016.  

Beyond experience in clinical trials and demonstration projects, questions remain about 

retention and adherence to PrEP in the longer term. Notably, trials of PrEP to date have 

been conducted among individuals specifically self-selecting for PrEP, and generally 

over limited time horizons.  

The continued need for additional HIV prevention tools does not negate the importance 

of PrEP as a critical part of the HIV prevention toolkit. Accordingly, access to FTC/TDF 

PrEP at no drug cost will be offered as part of a complete HIV prevention package to 

every HVTN 704/HPTN 085 participant through a model initially developed with 

extensive, multi-stakeholder input for the HVTN 505 trial [89,90]. In this model, Gilead 

provided fixed dose FTC/TDF (ie, Truvada) at no cost to interested HVTN 505 

participants, who obtained it through prescribers independent of the trial, thus facilitating 

the establishment of a provider-patient relationship that could endure beyond the duration 

of the trial. Availability of free FTC/TDF was indicated in the informed consent 

document and communicated to study participants in follow up visits. However, fewer 

than 15% of participants in the HVTN 505 trial have reported using PrEP at any time 

during the trial (in which follow-up remains ongoing).  

The past few years have seen increasing educational efforts and community awareness of 

the importance of PrEP in preventing HIV infection among MSM and we expect to see 

increased uptake of this prevention modality over the course of this trial. For self-selected 

participants under active medical care, PrEP can be very effective [91]. 

Consistent with this approach, Gilead Sciences has agreed to provide Truvada as PrEP for 

trial participants at no drug cost to them for the duration of their trial participation. This 

will be accomplished through the HVTN 704/HPTN 085 PrEP Referral Program in North 

America for US participants. This program integrates PrEP into the care provided by 

participantsô primary health care provider, ensuring that appropriate screening assays are 

performed and that drug interactions are monitored over time. Outside the US, 

participants will participate in PrEP demonstration projects in Peru and Brazil, countries 

in which Truvada is not yet licensed for HIV prophylaxis but where such demonstration 

projects are being encouraged. In Switzerland, the CRS will directly provide Truvada at 

no drug cost to interested participants. In this way, PrEP access will be provided to all 

participants in the trial and counseling about its availability will be provided as part of 

HIV risk reduction counseling, which is conducted at all infusion visits throughout the 

course of the study. This approach has been reviewed and approved by multiple 

stakeholders, including community members, medical ethicists, multiple IRBs, and the 

HVTN 704/HPTN 085 DSMB.  



HVTN 704/HPTN 085 Version 3.0 / June 15, 2017 

HVTN 704_HPTN 085_v3.0_FINAL.docx / Page 23 of 175 

As discussed in Sections 4.10 and 9.6, periodic population-based evaluation of PrEP 

usage will be conducted during the course of the trial. The sample size and power 

calculations (see Section 4.6) and plans for trial monitoring by the DSMB (see Section 

4.9 and, specifically, Section 4.9.3) have been designed to accommodate substantial PrEP 

uptake. If the background HIV incidence rate is too low to support evaluation of VRC01 

prevention efficacy due to high PrEP uptake and adherence, these data will be made 

available to the DSMB, which will make recommendations to the team accordingly.  

2.6 Plans for future product development and testing 

VRC01 is considered to have potential value for both preventive and therapeutic purposes 

across broad geographic regions of the HIV-1 epidemic. The product was initially 

evaluated in phase 1 studies to characterize PK and distribution in HIV-infected and 

HIV-uninfected adults (VRC 601 and 602, respectively; see Sections 2.9.1 and 2.9.2) and 

PK and safety for multiple administrations under several route and dosing regimens are 

being evaluated currently (HVTN 104; see Section 2.9.3). In parallel, IMPAACT P1112 

will evaluate the safety of VRC01 in high-risk infants born to HIV-infected mothers; data 

from this study will support a future evaluation of the efficacy of VRC01 administered to 

high-risk infants shortly after birth and continued through the period of breast-feeding for 

prevention of mother-to-child HIV transmission (PMTCT).  

The development of VRC01 for clinical use depends on a number of factors, the most 

critical of which is the level of efficacy demonstrated by the current study. If the antibody 

proves to be highly effective at preventing HIV-1 infection, its development will depend 

on identifying a partner able to provide large-scale manufacturing. Other factors that 

could influence advanced development of VRC01 or similar monoclonal antibodies 

include: 1) the potential for improving the potency of the product to allow use at a lower 

dose and perhaps by an SC route, 2) the potential for increasing the half-life of the 

product to allow less frequent dosing, and 3) the potential to use VRC01 or its derivatives 

in combination with other neutralizing mAbs to increase potency and breadth of 

coverage. Efforts to address these issues are proceeding in parallel with the current study, 

but the outcome of the current study will have the greatest influence on the future clinical 

use of VRC01 in adult prevention or PMTCT. 

2.7 Preclinical safety studies 

2.7.1 Preclinical toxicology and PK study of VRC01 in rats 

Table 2-1 Summary of preclinical studies 

Study 

number Product Type of study Animal N Dose groups Route Schedule 

SRI No 

M896-11 

VRC-

HIVMAB060-
00-AB 

Repeat dose 

toxicity 

Sprague-

Dawley rats 

10m, 10f 

each 

50m, 50f 

total 

Vehicle* 

4mg/kg IV 

40 mg/kg IV 

400 mg/kg IV 

40 mg/kg SC 

IV & 

SC 
D1, D8 

SRI No 

M896-11 

VRC-

HIVMAB060-

00-AB 

Single-dose 

PK 

Sprague-

Dawley rats 

9m, 9f each 

27m, 27f 

total 

4 mg/kg IV 

40 mg/kg IV 

40 mg/kg SC 

IV & 

SC 
D1 

* Vehicle consists of VRC01 formulation buffer. 
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A repeat dose toxicity study of IV and SC administration and a single dose PK study was 

performed by SRI International (Menlo Park, CA) with VRC01 in male and female 

Sprague-Dawley rats in accordance with US FDA ñGood Laboratory Practice (GLP) for 

Nonclinical Laboratory Studiesò (Table 2-1). This study was conducted with a pre-GMP 

pilot lot of VRC01 manufactured at smaller scale using a similar purification process to 

that of the GMP clinical grade drug product. 

For the safety assessment, various doses of VRC01 (4 mg/kg, 40 mg/kg, or 400 mg/kg) or 

a comparable control vehicle was administered by tail vein infusion on Days 1 and 8 to 

Groups 1 through 4, respectively. An additional group (Group 5) received 40 mg/kg 

VRC01 via SC administration to the dorsal scapular region on Days 1 and 8. Each group 

contained 10 male and 10 female rats. Five animals of each sex were sacrificed on Day 9, 

one day after the second administration; the remaining animals were sacrificed on Day 

30, 22 days after the second administration. 

Results obtained showed that both routes of administration were well tolerated in the rats. 

All animals survived until their scheduled necropsy. No findings or changes were seen in 

clinical observation, body weight, food consumption, body temperature, infusion site 

irritation, hematology, coagulation, or organ weight evaluations that are attributed to 

administration of VRC01. VRC01 administration resulted in small, transient, dose-

dependent increases in aspartate aminotransferase (AST) and alkaline phosphatase (ALP) 

on Day 9. By Day 30, AST values had returned to normal, and ALP values were 

returning to normal.  

Other than red discoloration of the administration site in one male in the SC group on 

Day 9, there were no other gross necropsy observations attributable to VRC01 

administration. There were no histopathology findings that were considered related to IV 

administration of VRC01.  

The pre-specified IV dose studied in rats was 400 mg/kg and SC was 40 mg/kg, which 

will greatly exceed the dose levels in the adult clinical studies. A ñno observed effect 

levelò (NOEL) was not determined in this study because transient elevations of AST and 

ALP were observed on Day 9 after IV administration and transient inflammation at the 

dose site was observed on Day 9 after SC administration. Because the elevated AST and 

ALP levels were transient and minor and did not correlate with histopathology findings, 

the no observed adverse effect level (NOAEL) for VRC01 by the IV route of 

administration in rats was 400 mg/kg, the highest dose used in this study.  

For the PK analysis, 3 groups of rats (9 males and 9 females in each group) received 

VRC01 on Day 1 at 4 mg/kg IV, 40 mg/kg IV, and 40 mg/kg SC respectively. VRC01 

levels in serum were determined using an enzyme-linked immunosorbent assay (ELISA) 

with samples collected predose from each animal and from an additional 3 males and 3 

females to provide untreated control serum. Blood was collected from 3 rats/sex/PK 

group for a total of 4ï5 collections per PK animal at each of the following postdose 

timepoints: 1, 4, 8, 24, 48, and 72 hours and 7, 14, 21, and 29 days.  

VRC01 administration by the IV route resulted in dose-proportional exposure. The 

terminal elimination phase half-life was about 10 days, with clearance of approximately 

20 mL/day/kg and volume of distribution that was about 0.28 L/kg, indicating that the 

drug was distributed primarily in the serum and eliminated slowly. VRC01 administration 

by the SC route resulted in mean peak serum levels at 7 days for male or 3 days for 

female animals. The maximum serum concentration and area under the concentration-
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time curve to the last timepoint values were lower when 40 mg/kg was administered by 

the SC route compared with the IV route. The bioavailability of 40 mg/kg VRC01 

administered by the SC route was estimated to be 31.4% (males) and 42.3% (females). 

After the peak concentration of VRC01 was achieved in the SC group, the serum levels 

decreased much more rapidly from 7 to 14 days than they did in the IV groups, and 

VRC01 concentrations in the SC group were not quantifiable at timepoints after 14 days. 

These data indicate that clearance of VRC01 in rats was markedly enhanced when it was 

administered by the SC route. The development of anti-drug antibodies that contribute to 

an increased rate of clearance is often observed in preclinical safety studies of protein-

based test articles when they are not tested in the species of origin. Although 

immunogenicity was not examined in this study, the presence of such antibodies might 

have contributed to the increased rate of clearance of VRC01 after SC administration that 

was observed in this study [92,93]. 

2.7.2 Tissue cross reactivity GLP study of VRC01 with human tissues in vitro  

A tissue cross-reactivity study of VRC01 using normal adult and neonatal human tissues 

in vitro (Testing Facility Study No. A255-12) was performed by Charles River 

Laboratories (Reno, NV) in accordance with U.S. FDA ñGood Laboratory Practice for 

Nonclinical Laboratory Studiesò (GLP). The tissue panels used as the test system for this 

in vitro cross-reactivity study included all of the tissues on the ñSuggested list of human 

tissues to be used for immunohistochemical or cytochemical investigations of cross 

reactivity of monoclonal antibodiesò in Annex I of the ñEuropean Medicines Agency 

Guideline on Development, Production, Characterization and Specifications for 

Monoclonal Antibodies and Related Product, Adopted by the Committee for Medicinal 

Products for Human Use on December 18, 2008ò and all of the tissues recommended in 

the FDA/Center for Biologics Evaluation and Research ñPoints to Consider in the 

Manufacture and Testing of Monoclonal Antibody Products for Human Use (February 

28, 1997).ò In addition, the tissue cross-reactivity study used additional neonate/infant 

tissues suggested by the FDA to support future trials in infants.  

To determine the cross-reactivity of VRC01 binding, VRC01 was applied to cryosections 

from a full panel of tissues from normal human adults and a limited panel of human 

neonatal tissues, immunohistochemically detected using a biotinylated rabbit anti-human 

IgG secondary antibody, and binding was visualized with a streptavidin-horseradish 

peroxidase complex and a diaminobenzidine chromogen substrate. VRC01 binding was 

evaluated at concentrations of 5 and 50 mcg/mL. 

Specific VRC01 staining was not observed in any normal adult human or neonatal human 

tissues evaluated. Therefore, in vitro evaluation of cross-reactivity in tissue specimens 

did not identify potential tissue sites or organ systems to more thoroughly evaluate in 

subsequent preclinical studies, and it supports the future use of VRC01 in humans. 

2.7.3 Other toxicity studies 

Several in vitro studies were conducted to assess antibody activity against self-antigens 

by VRC01. Several anti-HIV neutralizing mAbs will cross-react to lipid or nuclear 

antigens or Hep-2 cells [94,95]. Anti-lipid binding activity is understandable when 

considering that the HIV-1 gp41 protein is membrane-spanning and the epitopes (MPER: 

Membrane-Proximal External Region) recognized by some mAbs (eg, 4E10 and 2F5) are 

membrane-proximal and likely extend into the membrane itself. Therefore, the ability (or 

lack thereof) of VRC01 to cross-react with lipids was assessed in collaboration with Dr. 
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Barton Haynes of Duke University. Binding of antibody to cardiolipin was assessed in a 

luminescent assay, expressed in relative units. VRC01 was compared to 4E10, an anti-

gp41 mAb known to bind to cardiolipin and nuclear antigens, and Synagis, a licensed 

anti-RSV antibody used as a negative control. Synagis is included because it is the 

licensed mAb product most analogous to the intended clinical use of the VRC mAb [13]. 

Individual studies are summarized in Table 2-2. Unlike other anti-HIV neutralizing 

mAbs, VRC01 does not react to phospholipids or anti-nuclear antigens or Hep-2 cells. 

Additional details are provided in the IB. 

Table 2-2 In vitro preclinical safety studies 

Study Purpose Study Outcome 

Assessment of anti-phospholipid reactivity VRC01 does not react to phospholipids 

Assessment of anti-nuclear antigen 

reactivity 

VRC01 does not react with nuclear 

antigens 

Assessment of anti-phospholipid 

characteristics by impact on activated partial 

thromboplastin time (aPTT) 

VRC01 does not impact aPTT by binding 

phospholipids 

Assessment of Binding to a Human Cell 

Line by Immunohistochemistry 

Fluorescently labeled VRC01 does not bind 

Hep-2 cells 

2.8 Nonhuman primate (NHP) studies of VRC01  

Several non-Good Laboratory Practices (ie, non-GLP) studies of VRC01 have been 

completed in NHP to assess for preclinical evidence of potential efficacy for prevention 

of HIV infection. Table 2-3 summarizes the studies performed.  

Table 2-3 Summary of NHP pharmacology and challenge studies 

Study Product Animal N Dose/Route  

Infusion 

schedule 

Challenge 

route 

Challenge 

stock/dose 

Challenge 

schedule 

Pharmacology 
VRC01 

 (Pilot lot) 

Rhesus 

macaques 

4f  

4f 

40 mg/kg IV 

40 mg/kg SC 
Day 0 NA NA NA 

High-dose 

challenge 

VRC01 

(Research 

Grade) 

Rhesus 

macaques 

4m 

4m 

4m 

5 mg/kg IV 

20 mg/kg IV 

Human IgG 
IV (control) 

Day 0 Intrarectal 
SHIV-SF162P3 

(300 TCID50*)  

Day 2 

postinfusion 

High-dose 

challenge 

VRC01 

(Research 
Grade) 

Rhesus 

macaques 

4f  

4f 

20 mg/kg IV 

Human IgG 
IV (control) 

Day 0 Intravaginal 
SHIV-SF162P3 

(300 TCID50) 

Day 2 

postinfusion 

High-dose 

challenge 

VRC01 

(Research 

Grade) 

Rhesus 

macaques 

6m 

6m 

4m 

16m 

14m 

20 mg/kg IV 

5 mg/kg IV 

1.25 mg/kg IV 

0.3 mg/kg IV 

Human IgG 

IV (control) 

Day 0 Intrarectal 

SHIV-BaL 

(TCID50 12,800 

in TZM-bl) 

Day 2 

postinfusion 

*TCID50 = 50% tissue culture infectious dose 

In the pharmacology study, plasma and mucosal (ie, rectal, vaginal, and nasal) samples 

were collected at frequent intervals through Day 28. A dose of 40 mg/kg IV or SC in 

female rhesus macaques resulted in plasma concentration of VRC01 exceeding 50 

mcg/mL in 7 of 8 animals at Day 14 and greater than 10 mcg/mL in 7 of 8 animals at Day 

28. 
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Please see the VRC01 IB for more details.  

2.8.1 Protection against challenge in NHP models 

Both neutralizing and non-neutralizing antibodies to HIV and SIV have been shown to 

protect against experimental challenge in the NHP model [40-42,96-100]. In these studies 

the degree of protection has varied with the neutralizing potency of the antibodies and 

with the dose, route, and sensitivity of the challenge stocks. Low antibody concentrations 

have in some instances been quite protective, especially against repeat low-dose mucosal 

challenges [44,45]. However, neutralization-resistant SHIVs have been developed and 

have been shown to be resistant to protection [101,102]. This has permitted estimation of 

neutralization titers for different mAbs against SHIVs representing a broad range of 

neutralization resistance. 

VRC01 has been tested in several NHP challenge experiments (see Table 2-3). In a rectal 

challenge model with SHIV BaLP4, a dose of 20 mg/kg IV protected 6/6 NHP; a 5 mg/ 

kg IV dose protected 6/6; and a 0.3 mg/kg IV dose protected 2/6 [47]. Using a more 

resistant SHIV-162P3 challenge, a 20 mg/kg IV dose protected all 4 male animals from 

rectal challenge and all 4 female animals from vaginal challenge [47]. Analyses of the 

combined data from the NHP challenge studies show complete protection against 

SHIV162P3 challenge at a VRC01 plasma concentration of 50 mcg/ml and partial 

protection (IC50 [50% inhibitory concentration]) at 20 mcg/mL. For the more sensitive 

BaLP4 virus the IC50 is only 1.5 mcg/mL. Based on preclinical studies, an antibody 

serum concentration of about 40 to 50 mcg/mL is projected to provide protection against 

the vast majority of circulating strains of HIV [103]. In the NHP studies, both the virus 

sensitivity and serum antibody titers appear to influence protection from mucosal 

challenge. A summary of serum concentrations associated with protection against diverse 

SHIV strains of varying resistance to neutralization is shown in Figure 2-7. 

  

Figure 2-7 VRC01 IC80 values (170 Isolates) and serum concentrations in NHP SHIV 
challenge studies 

It is particularly interesting to note that following administration of VRC01 to NHP, the 

antibody is found in mucosal tissues (see Figure 2-8). This is likely a product of active 

antibody transport to mucosal tissues through neonatal Fc receptor (FcRn) binding [48].  

 



HVTN 704/HPTN 085 Version 3.0 / June 15, 2017 

HVTN 704_HPTN 085_v3.0_FINAL.docx / Page 28 of 175 

 

Figure 2-8 VRC01 mucosal pharmacokinetics in rhesus macaques [48] 

NHP challenge studies have also shown that, in addition to classic neutralization, bnAbs 

such as VRC01 often elicit antibody-mediated cellular effector functions [45,104]. As a 

result, protection against experimental challenge has sometimes been achieved with 

notably low doses of VRC01 [47,103]. Similar mechanisms of protection have been 

implicated in studies of other bnAbs showing protection despite barely detectable 

neutralization activity (1:1) at challenge [44].  

Recent NHP studies of VRC01 and other highly potent mAbs, such as PGT121, 

demonstrate protection at infusion doses of 5 mg/kg and even at 1 mg/kg 

[46,49,103,105]. There is also evidence that such protection can be durable; a simianized 

version of VRC01 was shown to protect monkeys against SHIV challenge nearly 8 weeks 

after their last 5 mg/kg antibody infusion, when plasma concentrations of VRC01 ranged 

from ~0.5 mcg/mL to undetectable [105]. These data suggest that a 10 mg/kg infusion 

dose of VRC01 administered every 8 weeks may offer protection against HIV 

acquisition. 

Please see the VRC01 IB for more details on the NHP challenge studies.  

2.9 Clinical trial experience 

Completed phase 1 clinical studies of VRC01 include first-in-humans dose escalation 

studies for safety, tolerability, and PK assessments in HIV-infected (VRC 601) and HIV-

uninfected (VRC 602) adults. Studies to characterize the neutralizing activity and other 

functional assays as a function of plasma concentration are also underway. As of April 

2017, more than 1200 clinical trial participants have received VRC01 in phase 1 trials 

and in the phase 2b AMP studies. 

Both the IV and SC routes of administration have been evaluated. Ultimately, the best 

route for clinical use may depend upon the age of the recipient (adult or infant), stage of 

product development, formulation, and important considerations related to volume 

needed and maintenance of a target VRC01 blood level considered to be in the 

therapeutic range. 
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2.9.1 VRC 601 

VRC 601 (NCT01950325) titled, ñA Phase 1, Open-Label, Dose-Escalation Study of the 

Safety and Pharmacokinetics of a Human Monoclonal Antibody, VRC-HIVMAB060-00-

AB (VRC01), with Broad HIV-1 Neutralizing Activity, Administered Intravenously or 

Subcutaneously to HIV-Infected Adults.ò 

VRC 601 (Table 2-4) was the first study of the VRC01 mAb in HIV-infected participants 

[106]. It was a dose-escalation study to examine safety, tolerability, dose, PK, and anti-

antibody immune responses. VRC 601 opened in September 2013 as a single site study at 

the NIH Clinical Center, Bethesda, Maryland and in total, 23 HIV-infected participants, 

including 15 aviremic ARV-treated participants and 8 viremic non-ARV treated 

participants, were infused with one or two doses of VRC01 at doses up to 40 mg/kg IV. 

Table 2-4 VRC 601 study schema 

VRC 601 Dose Groups VRC01 Administration Schedule 

Group 

No. of 

evaluable 

participants*  

Day 0 Week 4 

1 3-5 1 mg/kg IV 1 mg/kg IV 

2 3-5 5 mg/kg IV 5 mg/kg IV 

3 3-5 5 mg/kg SC 5 mg/kg SC 

4 3-5 20 mg/kg IV 20 mg/kg IV 

5 3-5 40 mg/kg IV 40 mg/kg IV 

Total 15-25 

IV doses administered in 100 mL of normal saline over 30-60 

minutes. 

SC doses administered in the minimum volume at 15 mL/hr. 

*Only participants who begin infusion are evaluable. Only 3 

evaluable participants per group will be enrolled into the dose group 

until the safety review is completed. Additional slots are available, if 

needed, to have sufficient data for the safety review or to include at 

least one eligible subject with a detectable viral load later after the 

dose escalation is complete. 

The first infusion at 1 mg/kg IV was administered in the VRC 601 study on September 

30, 2013. Beginning on March 28, 2014, the dose escalation proceeded according to the 

schema. The first 40 mg/kg IV administration in this study occurred May 12, 2014 and 

the last infusion in VRC 601 occurred on April 6, 2015. All IV and/or SC infusions have 

been well -tolerated with no serious adverse events (SAEs) or dose limiting toxicity. 

VRC 601 demonstrated evidence of VRC01-mediated antiviral effect. An interim 

analysis of the VRC 601 viral load data obtained from 8 viremic adults through April 30, 

2015 shows that VRC01 has a statistically significant in vivo virological effect on HIV 

viral load when administered as a single 40 mg/kg IV dose. None of these adults were 

taking antiretroviral therapy (ART) when enrolled into the study and had not started ART 

during the time period when the viral load data were collected. Six of the eight adult 

participants had Ó 1 log10 copies/mL decrease in viral load and two participants had a 

viral load drop of 0.26 and 0.18 log10 copies/mL respectively. These interim data indicate 

the following for a single dose of VRC01 at 40 mg/kg IV:  

¶ A statistically significant change from baseline viral load postinfusion days 5 to 16; 
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¶ The median time to reach Ó 0.5 log10 decrease in viral load is 5 days; and, 

¶ The median time to greatest decrease in viral load is 7 days. 

A 0.5 log10 copies/mL or greater decrease in viral load is considered to be a positive 

response to ART. To have clinical benefit, such a change would need to be sustained. In 

VRC 601, participants were administered only one dose of VRC01 at 40 mg/kg and, thus, 

a sustained effect on viral load was not expected. However, the data demonstrate a 

VRC01 mediated anti-viral effect. 

2.9.2 VRC 602 

VRC 602 (NCT01993706) is titled, ñA Phase 1 Dose-Escalation Study of the Safety and 

Pharmacokinetics of a Human Monoclonal Antibody, VRC-HIVMAB060-00-AB 

(VRC01), Administered Intravenously or Subcutaneously to Healthy Adults.ò 

VRC 602 was the first study of the VRC01 mAb in HIV-uninfected adults. It was a dose-

escalation study to examine safety, tolerability, dose, and PK of VRC01 [107]. VRC 602 

opened in December 2013 as a single site study at the NIH Clinical Center, Bethesda, 

Maryland and the final infusion was administered in August 2014. 

As shown in Table 2-5, there were 3 open-label, dose escalation groups (Groups 1, 2, and 

3) for IV administration and 1 double-blinded, placebo-controlled group (Group 4) for 

SC administration.  

Table 2-5 VRC 602 study schema 

VRC 602 Groups VRC01 Administration Schedule 

Group 
Initial 

Enrollments  

Additional 

Enrollments 
Day 0 Week 4 

1 3 2 5 mg/kg IV 5 mg/kg IV 

2 3 2 20 mg/kg IV 20 mg/kg IV 

3 3 2 40 mg/kg IV 40 mg/kg IV 

4 SC administration 

4A 3 2 5 mg/kg SC 5 mg/kg SC 

4B 3 2 Placebo SC Placebo SC 

Total 25 

20 participants treated with VRC01 at 

different dosage levels and 5 participants 

treated with placebo administered SC 

IV doses administered in 100 mL of normal saline over 1 hr. 

First SC dose administered at about 15 mL/hr via SC infusion pump; subject option for 

second dose administration (Week 4) by direct SC injection with needle and syringe. 

All IV and/or SC infusions were well-tolerated with no SAEs or dose limiting toxicity 

[107].  

PK analysis from VRC 602 revealed a VRC01 terminal half-life of 15 days across all IV 

infused dose groups. After the first infusion, 28-day trough levels were 35 mcg/mL and 

57 mcg/mL for the 20 mg/kg and 40 mg/kg dose groups, respectively. Following the 
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second infusion, the 28-day trough values rose to 57 mcg/mL and 89 mcg/mL for the 20 

mg/kg and 40 mg/kg dose groups, respectively [107].  

In addition, after infusion VRC01 retained the expected neutralizing activity in serum and 

no anti-VRC01 antibodies were detected [107]. 

2.9.3 HVTN 104 

HVTN 104, titled A phase 1 clinical trial to evaluate the safety and drug levels of a 

human monoclonal antibody, VRC-HIVMAB060-00-AB (VRC01) administered in 

multiple doses intravenously and subcutaneously in different dosing schedules to healthy, 

HIV-uninfected adults, is examining safety profiles and serum levels of 5 different 

regimens for the IV and SC administration of VRC01 (Table 2-6). IV administration is 

being evaluated at doses of 10, 20, 30, and 40 mg/kg; SC administration is being tested at 

5 mg/kg. 

Table 2-6 HVTN 104 study schema 

Dose 

Groups 
Study product administration schedule in months (days) 

Group N 0 0.5 (14) 1 (28) 1.5 (42) 2 (56) 2.5 (70) 3 (84) 3.5 (98) 4 (112) 4.5 (126) 5 (140) 5.5 (154) 

1 20 

VRC01 

40mg/kg 
IV  

 

VRC01 

20mg/kg 
IV  

 

VRC01 

20mg/kg 
IV  

 

VRC01 

20mg/kg 
IV  

 

VRC01 

20mg/kg 
IV  

 

VRC01 

20mg/kg 
IV  

 

2 20 

VRC01 

40mg/kg 

IV  
   

VRC01 

40mg/kg 

IV  
   

VRC01 

40mg/kg 

IV  
   

3 

20 

VRC01 

40mg/kg 

IV  

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

VRC01 

5mg/kg 

SC 

4 

IV 

placebo 

for 

VRC01  

SC 

placebo 

for 

VRC01  

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

SC 

placebo 

for 

VRC01 

4 12 

VRC01 

10mg/kg 
IV  

   

VRC01 

10mg/kg 
IV  

   

VRC01 

10mg/kg 
IV  

   

5 12 

VRC01 

30mg/kg 
IV  

   

VRC01 

30mg/kg 
IV  

   

VRC01 

30mg/kg 
IV  

   

Total 88 
Intravenous (IV) doses administered in 100 mL of normal saline over 1 hr 

Subcutaneous (SC) doses administered by needle and syringe injection 

HVTN 104 is a phase 1 clinical trial designed to evaluate the safety and drug levels of 

VRC01 administered in multiple intravenous or subcutaneous doses and different dosing 

schedules to 88 healthy, HIV-uninfected adults at 6 HVTN CRSs in 4 US cities: Boston, 

New York, Philadelphia, and Cleveland. The first participant enrolled in HVTN 104 on 

September 9, 2014 and the last participant enrolled on July 15, 2015. Study product 

administration for all participants was complete as of November 30, 2015. The study has 

5 arms: Group 1 is evaluating the IV administration of a 40 mg/kg loading dose, with 2 

subsequent 20 mg/kg doses given at 8 week intervals. Groups 2, 4, and 5 are evaluating 3 

infusions of 40 mg/kg, 10 mg/kg, or 30 mg/kg, respectively, given 8 weeks apart. Group 

3 is evaluating 5 mg/kg given every 2 weeks subcutaneously for 24 weeks after an initial 

IV administration at 40 mg/kg; this will inform the design of perinatal prophylaxis 

studies. Secondary aims of HVTN 104 are: (1) to evaluate the kinetics of in vitro 

neutralization in serum of a single VRC01 sensitive virus isolate (TZM.bl assay); (2) to 
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determine whether anti-idiotypic antibody (AIA) can be detected and whether there is a 

correlation of VRC01 levels and AIA levels in serum; (3) to determine if measurable 

levels of VRC01 can be found in genital, rectal, and oral secretions; (4) to evaluate the 

kinetics of in vitro neutralization in mucosal secretions of a single VRC01 sensitive virus 

isolate; and (5) to assess binding of VRC01 to multiple Env proteins. 

A total of 249 IV infusions and 208 SC injections of VRC01 were administered in HVTN 

104. The infusions and injections were well tolerated,  with 28% of infusions and 14% of 

injections associated with mild pain and/or tenderness. 55% of VRC01 and 50% of 

placebo recipients experienced mild pain and/or tenderness at the infusion or injection 

site sometime during the trial. One participant experienced moderate pain and/or 

tenderness following an SC injection of VRC01. Mild infusion site erythema/induration 

reactions were reported for 2 VRC01 participants and 1 placebo recipient. Two moderate 

erythema/induration reactions were reported, 1 following IV VRC01 and 1 following 

VRC01 SC injection. For 76% of the infusions and injections administered in the trial, no 

systemic reactogenicity symptoms were reported. 56% of VRC01 and 75% of placebo 

recipients experienced systemic reactogenicity symptoms following at least one study 

product administration. These were all graded as mild in the placebo recipients; of 

VRC01 recipients who experienced any systemic symptoms, the maximum severeity was 

mild in 70%, moderate in 23%, and severe in 6% (3 participants). The most commonly 

reported symptoms were malaise/fatigue, headaches, and myalgias.   

The severe systemic reactogenicity symptoms reported in 3 VRC01 recipients are 

detailed as follows:  

¶ 1 participant developed severe malaise, myalgia, headache and chills, mild nausea, 

and moderate arthralgia symptoms within 3 days after the first infusion of study 

product. These symtoms had resolved by Day 7. The participant had a concomitant 

AE of laboratory confirmed Influenza A infection diagnosed on Day 2 and was 

treated with Ibuprofen.  

¶ 1 participant reported a viral illness AE of moderate intensity beginning 3 days prior 

to the 9
th
 SC injection (10th study product administration), characterized by nausea 

and vomiting, sore throat, runny nose but no fevers; a household contact was also ill. 

At baseline on Day 0 of the 9
th
 SC injection, mild malaise/fatigue was still present. At 

the early assessment timepoint on Day 0, this was still present and also grade 1 

nausea. Within 3 days of the injection, the participant developed severe malaise, 

myalgia, headache, chills, and arthralgia; these all resolved on Day 6, which was the 

date the AE for viral illness was resolved. There was no reported use of concomitant 

medications for these symptoms. 

¶ 1 participant reported severe malaise/fatigue on the day of the first infusion, resolving 

spontaneously the next day. During this reactogenicity period, this participant also 

reported a grade 1 headache on Day, resolving the next day. 

There were no study product discontinuations due to reactogenicity symptoms. 

There were 235 AEs occurring in 70 participants (79.5%), with similar rates of 

occurrence across all treatment groups. 74% of AEs were graded as mild, 22.5% as 

moderate, and 3.4% as severe. 9 AEs (3.8% of all AEs) occurring in 8 participants were 

deemed product-related by the investigators; all were mild and transient. Those occurring 
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following VRC01 administration included elevations of hepatic transaminases (AST and 

ALT in 1 individual), elevated creatinine, neutropenia, localized injection site pruritus, 

diarrhea, generalized rash, and Varicella zoster infection. No VRC01-related 
hypersensitivity reactions or CRS symptoms were observed during the study. 

Study product administration was discontinued in 8 participants. Reasons for 

discontinuing study product included: AEs (3 participants), relocation from study site (2), 

unable to adhere to visit schedule (1), unable to contact (1), and pregnancy (1). Of those 

participants for whom study product was discontinued due to an AE, 1 participant 

developed a mild, localized pruritic, maculopapular rash 3 days after receiving the first 

SC injection of VRC01, which resolved within 4 hours after applying inert lotion; this 

was deemed related to study product. Another participant had a brief syncopal episode 

several hours after receiving a VRC01 infusion; this was deemed not related to study 

product. A third participant had mild, brief chest tightness following the first SC injection 

that resolved spontaneously; this was deemed related to study product, however this 

participant was determined after unblinding to have received the placebo.In sum, VRC01 

was well-tolerated when administered IV or SC.  

Of note, safety experience with VRC01 has remained consistent whether 1-2 doses were 

administered, as in VRC 601 and 602, or multiple doses were administered, as in HVTN 

104. No trends toward recurrence of lab abnormalities or AEs deemed related to study 

product or increase in frequency or severity of local or systemic reactogenicity symptoms 

has been observed with multiple administrations of VRC01. 

Figure 2-9 shows serum VRC01 levels following the first 2 infusions (samples collected 

as of October 19, 2015) for participants in Group 4 (10 mg/kg of VRC01) and Group 5 

(30 mg/kg) of HVTN 104. The number of study participants with samples assayed at 

each time point is shown on the X axis of each graph. As expected, trough levels 

following the second infusion are somewhat higher than following the first infusion. The 

median antibody concentration in the 10 mg/kg group is above 10 mcg/mL for 

approximately 37 of the 56 days (66%) following the second infusion with a median 

trough concentration of 4.6 mcg/mL (25-75% interquartile range 2.6 ï 6.3). For the 

30mg/kg group the median trough level is 9 mcg/mL (25-75% interquartile range 6.5 ï 

9.4).  

These levels are quite similar to those modeled for the study and they show the desired 

overlap in concentrations achieved with the two doses selected for the study. 
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Figure 2-9 VRC01 serum levels through month 4 observed in HVTN 104 Group 4 (10mg/kg 
IV) and Group 5 (30mg/kg IV) 

2.9.4 Safety summary of VRC01  

As of February 23, 2016, approximately 130 adult participants received one or more 

VRC01 administrations, including 23 in VRC 601, 23 in VRC 602 (5 additional 

participants received placebo), and 84 in HVTN 104 (4 additional participants received 

placebo). 249 VRC01 infusions and 208 SC injections were given in HVTN 104. 

Cumulatively, there have been no expedited safety reports to the FDA or study safety 

pauses for adverse events and no reactions during the VRC01 or placebo/control product 

administration that resulted in an incomplete administration.  
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VRC01 SC or IV administrations are generally associated with mild or moderate local 

reactions of pruritus, redness, and pain/tenderness, which resolve within a few minutes to 

a few hours after the administration is completed. When present, most systemic reactions 

after administration of VRC01 SC or IV are mild and include: malaise, myalgia, 

headache, chills, nausea, and joint pain. 

Unsolicited AEs of grade 3 or higher severity and deemed related to study product have 

not been reported. 

Other AEs attributed to study product administration have included mild or moderate 

AST elevation, alanine aminotransferase (ALT) elevation, creatinine elevation, and 

decreased neutrophil count. Mild or moderate elevated transaminases were reported in 4 

of 21 (19%) HIV-infected participants in VRC 601 (all of whom were taking ARVs). 

These laboratory changes resolved spontaneously and did not require discontinuation of 

study product administration. Among HIV-uninfected participants in VRC 602 or HVTN 

104, 1 participant had grade 1 (mild) transiently elevated ALT assessed as possibly 

attributed to VRC01 in the VRC 602 study and 2 participants had grade 1 (mild) 

transiently elevated ALT/AST values assessed as related to VRC01 in HVTN 104. These 

3 participants all received VRC01. 

In the HVTN 104 trial, there were 3 product discontinuations for AEs, 2 of which were 

deemed related to study product infusion or injection. One discontinuation was for a 20-

minute episode of chest tightness occurring approximately 25 minutes after SC 

injectionof placebo in a participant who is a chronic smoker on nicotine replacement 

while smoking. One discontinuation was in a participant who reported a generalized rash 

that began three days after SC injection of VRC01, and resolved within 4 hours with 

ibuprofen and the application of an over-the-counter non-steroidal cream. The third 

discontinuation was in a young, otherwise healthy participant who experienced a brief 

episode of syncope, deemed not related to study product, approximately 4 hours after IV 

infusion of VRC01. In addition, one person in HVTN 104 had study product discontinued 

due to pregnancy occurring during the trial. 

Overall, VRC01 administration in the dose range from 10 to 40 mg/kg IV and at 5 mg/kg 

SC has been assessed as well-tolerated and safe for further evaluation.  

2.9.5 Particle formation 

VRC01 is a highly concentrated protein solution and may develop white-to-translucent 

particles after thawing. In previous phase 1 studies, particles have been observed in 

approximately 1-3% of the vials and generally disappear over a few hours at room 

temperature. Particle formation upon thawing has no effect on product quality. For 

additional information, see the IB. 

2.10 Potential risks of study products and administration 

In a preclinical study performed in rats, there was a small dose-dependent, but transient, 

increase in AST and ALP, but not in ALT following IV administration. In rats, there were 

no histopathology findings following IV administration.  

Thus far in VRC 601, VRC 602, and HVTN 104 there have been no SAEs deemed 

related to study product (see Section 2.9.4). Administration of mAb may have a risk of 
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immune reactions such as acute anaphylaxis, serum sickness, and the generation of auto-

reactive antibodies; however, these reactions are rare and more often associated with 

mAbs targeted to human proteins or with the use of murine mAbs, which would have a 

risk of human anti-mouse antibodies [108]. In this regard, as VRC01 is targeted to a viral 

antigen and is a human mAb, it is expected to have a low risk of such side effects.  

Typically, the side effects of mAbs are mild but may include fever, flushing, chills, 

rigors, nausea, vomiting, pain, headache, dizziness, shortness of breath, bronchospasm, 

hypotension, hypertension, pruritus, rash, urticaria, angioedema, diarrhea, tachycardia, or 

chest pain. Clinical use of mAbs that are targeted to cytokines or antigens associated with 

human cells may be associated with an increased risk of infections [108]; however, this is 

not expected to be a risk for a mAb targeted to a viral antigen. 

It is known from published experience with human mAbs directed against the cell surface 

targets on lymphocytes that infusion of a mAb may be associated with cytokine release, 

causing a reaction known as cytokine release syndrome [109]. Cytokine release syndrome 

and other immune reactions such as tumor lysis syndrome have been observed with 

administration of chimeric and humanized mAb [108]. Most infusion-related events 

occur within the first 24 hours after beginning administration. Specifically, with regard to 

cytokine release syndrome reactions, these most commonly occur within the first few 

hours of beginning the infusion and are more common with the first mAb infusion 

received. This is because the cytokine release is associated with lysis of the cells targeted 

by the mAb and the burden of target cells is greatest at the time of the first mAb 

treatment. With licensed therapeutic mAbs, cytokine release syndrome is managed by 

temporarily stopping the infusion, administering histamine blockers, and restarting the 

infusion at a slower rate [110]. Severe reactions such as anaphylaxis, angioedema, 

bronchospasm, hypotension, and hypoxia are infrequent and more often associated with 

mAbs targeted to human proteins or with a non-human mAb, such as a murine mAb 

[108].  

Delayed allergic reactions to a mAb may include a serum sickness type of reaction, 

which is characterized by urticaria, fever, lymph node enlargement, and joint pains. 

These symptoms may not appear until several days after exposure to the mAb and are 

noted to be more common with chimeric types of mAb [108]. Serum sickness has not 

been described with administration of licensed fully human mAbs. 

There are several FDA-licensed mAbs for which reactions related to the rate of infusion 

have been described. Some symptoms may be treated by slowing or stopping the 

infusion.  

Other side effects of licensed mAbs include infections, thrombocytopenia, autoimmune 

diseases, cancer, dermatitis, and cardiotoxicity [108]. 

The HVTN laboratory tested plasma from HIV-uninfected individuals that was spiked 

with VRC01 in a range of concentrations that encompasses those likely to be observed in 

this clinical trial. VRC01 did not cause a reactive test result using several standard 

antibody-based HIV-1/2 diagnostic tests used in the US. However, VRC01 is an antibody 

to an HIV protein, so it may be theoretically possible for a standard antibody-based HIV 

diagnostic test to detect VRC01 for a short time period postinfusion or postinjection. This 

has not been observed in clinical studies to date.  
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Risks of Blood Drawing: Blood drawing may cause pain and bruising and may, 

infrequently, cause a feeling of lightheadedness or fainting. Rarely, it may cause infection 

at the site where the blood is taken. Problems from use of an IV for blood drawing are 

generally mild and may include pain, bruising, minor swelling, or bleeding at the IV site 

and, rarely, infection, vein inflammation (phlebitis), or blood clot.  

Risks of IV Infusion: The placement of an IV catheter can allow for the development of 

bacteremia because of the contact between the catheter and unsterile skin during 

insertion. Risk of infection from IV infusion will be minimized through careful 

decontamination of skin prior to catheter placement and through the use of infection 

control practices during infusion. The risk of product contamination will be minimized 

through the use of aseptic techniques during product preparation and administration.  
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3 Objectives and endpoints 

3.1 Primary objectives and endpoints 

Primary objective 1:  

To evaluate the safety and tolerability of VRC01 mAb administered through IV infusion 

in MSM+TG in North America, South America, and Switzerland  

Primary endpoint 1:  

Local and systemic reactogenicity signs and symptoms, laboratory measures of safety, 

AEs, SAEs, and rates of discontinuation 

Primary objective 2: 

To determine if the VRC01 mAb prevents HIV-1 infection and to estimate the level of 

efficacy in MSM+TG in North America, South America, and Switzerland  

Primary endpoint 2: 

Documented HIV-1 infection by the Week 80 study visit  

3.2 Secondary objectives and endpoints 

Secondary objective 1: 

To develop a marker(s) of the VRC01 mAb that correlates with the level and antigenic 

specificity of protection against HIV-1 infection and to provide insight into the 

mechanistic correlates of protection 

Secondary endpoints 1: 

Serum concentration of VRC01 in participants assigned to receive the mAb (ELISA, 

neutralizing assay) 

Serum mAb effector functions to HIV-1 Envs representing variability of the VRC01 

antibody footprint 

Sequences of breakthrough HIV infections from the earliest available HIV-positive 

plasma samples 

VRC01 neutralization-sensitivity of, and effector function against, HIV strains from 

infected trial participants from the earliest available postïHIV-infection serum samples 
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3.3 Exploratory objectives 

Exploratory objective 1: 

To assess use of FTC/TDF in the study cohort 

Exploratory objective 2: 

To assess if  prevention efficacy is modified by FTC/TDF use 

Exploratory objective 3: 

To understand changes in risk behavior and the potential for risk compensation for all 

study participants 

Exploratory objective 4: 

To measure anti-idiotype antibodies to VRC01 
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4 Statistical considerations 

4.1 Outline of the statistical considerations section 

The statistical considerations section is organized as follows. Section 4.2 states the 

primary and secondary efficacy objectives in terms of the target prevention efficacy (PE) 

parameters that are estimated in the trial, and describes the hypothesis tests regarding 

these efficacy parameters. Section 4.4 summarizes a statistical rationale for using a 3-arm 

design, which adds to the scientific rationale provided in Section 2.4. Section 4.6 

describes sample size and power considerations for the primary efficacy objectives, 

which justify the sample size of the trial. Section 4.6 also provides operating 

characteristics of the trial design for addressing the primary efficacy objective. Section 

4.7 describes statistical power available for the secondary objective that compares PE 

between the two mAb dose groups. Section 4.8 describes statistical power available for 

detecting safety problems of the mAb in terms of SAEs. Section 4.9 summarizes the 

approach to monitoring the trial including interim analysis reports provided to the 

DSMB. Sections 4.10, 4.11, and 4.12 describe PrEP assessments, randomization, and 

blinding, respectively. Section 4.13 describes the approach to statistical analysis, ordered 

first by the approach to the analysis of PE, and secondly by the approach to the 

assessment of correlates of protection. 

4.2 PE parameter for the primary analysis of prevention efficacy 

Let PE denote the overall PE of the 10 mg/kg and 30 mg/kg mAb groups pooled together 

compared to the control group. This PE parameter is defined as 

PE = [1 ï Cumul. incid. ratio (pooled mAb grp/control) of HIV-1 Dx by 80 Wks] × 

100%, 

where the cumulative incidence ratio is the probability of HIV-1 diagnosis by the Week 

80 visit for participants assigned to receive the mAb divided by the probability of HIV-1 

diagnosis by the Week 80 visit for participants assigned to receive control. PE is the 

target parameter for the primary analysis of overall PE.  

The primary analysis tests the null hypothesis 

H0: PE = 0% versus the alternative hypothesis H1: PE Í 0% 

using a 2-sided alpha = 0.05 level test that accounts for sequential monitoring for 

potential harm, non-efficacy, and high efficacy.  

4.2.1 Rationale for the PE parameter that measures prevention efficacy averaging over 
participant subgroups that access different elements of the HIV-1 prevention 
package 

The primary PE parameter measures the efficacy of VRC01 averaging over the 10 mg/kg 

and 30 mg/kg subgroups, in the population-based context of study participants with 

different risk characteristics including host genetics, HIV-1 risk taking behaviors, and 
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participant decision to use different elements of the HIV-1 prevention package. The HIV-

1 prevention package includes FTC/TDF PrEP, and is in harmony with the World Health 

Organizationôs November 2015 guideline on PrEP use that states ñPrEP should be an 

additional prevention choice in a comprehensive package of services that also includes 

HIV testing, counseling, male and female condoms, lubricants, ARV treatment for 

partners with HIV infection, voluntary medical male circumcision and harm reduction 

interventions for people who use drugsò [111]. The HIV-1 prevention package includes 

all of these elements, and study staff educate participants about the comprehensive 

package and facilitate access to and use of each measure. By conducting the study in a 

cohort of study participants who make the informed choice to use different elements of 

the package, the primary analysis result generalizes to a population with such 

heterogeneity of choice and aims to reflect efficacy in a real-world setting where such 

heterogeneity occurs. In particular, all study participants are counseled about the known 

high efficacy of FTC/TDF and are encouraged to take it. Because past experience and 

research has found that some individuals may prefer to not take FTC/TDF, the primary 

analysis conducted in a cohort reflecting such heterogeneity in prevention choices allows 

a representative population of individuals to participate in the trial. This approach also 

accommodates changes in prevention choices during the course of the trial, where the 

primary PE parameter is estimated in the context of these changes.  

How many MSM/TG persons will initiate and adhere to fixed dose FTC/TDF when it is 

offered as part of an HIV prevention package is unclear; estimates vary considerably in 

the literature. Open label extensions of the PrEP clinical trials and reporting from the first 

demonstration projects of PrEP offer some insights into PrEP uptake and adherence in 

high risk MSM. As discussed in Section 2.5.1, uptake of PrEP has ranged from 76% in 

iPrEX OLE to 60% in the US-based Demo Project and 51% in PrEP Brasil  [76,87,88]. 

While the uptake is substantial, from these studies it is also clear that a substantial 

fraction of high risk MSM will not initiate PrEP. Moreover, even in the context of 

intensive counseling, long-term adherenceï especially adherence during periods of 

highest riskïis also unclear. It is thus most pertinent to advancing the science of HIV 

prevention to conduct the VRC01 primary PE analysis in a cohort reflecting 

heterogeneity in prevention choices, representative of the population at risk. This 

approach will also accommodate changes in prevention choices that emerge during the 

course of the trial, as the primary PE parameter will be estimated in the context of these 

changes.  

4.3 PE parameters for secondary analyses of prevention efficacy 

Secondary analyses assess PE parameters for the mAb dose groups separately. Let PE10 

be the overall PE of the 10 mg/kg mAb group and let PE30 be the overall PE of the 30 

mg/kg mAb group, defined as 

PE10 = [1 ï Cumul. incid. ratio (mAb-10 mg/kg grp/control) of HIV-1 Dx by 80 

Wks] ×100% 

and 

PE30 = [1 ï Cumul. incid. ratio (mAb-30 mg/kg grp/control) of HIV-1 Dx by 80 

Wks] ×100%. 

Secondary analyses test the null hypotheses 
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H0: PE10 = 0% versus the alternative hypothesis H1: PE10 Í 0% 

and 

H0: PE30 = 0% versus the alternative hypothesis H1: PE30 Í 0% 

using 2-sided alpha = 0.05 level tests. Both unadjusted p-values and Holm-Bonferroni p-

values will be reported for each of the individual dose versus placebo group analyses.  

In addition, the following secondary analyses of PE are conducted: 

¶ Assess a dose-response effect by testing the null hypothesis 

H0: Cumul. HIV-1 incidence by 80 Wks equal in the 3 groups versus H1: 0% Ò PE10 

Ò PE30 with at least one strict inequality 

¶ Test the complete null hypothesis that the HIV-1 incidence is the same in the three 

treatment groups versus the alternative hypothesis that there are some differences 

¶ Test for different HIV-1 incidence between the two mAb groups, where a finding of 

PE30 significantly greater than PE10 would demonstrate that assignment to a higher 

mAb dose level causes higher PE 

4.4 Statistical rationale for the 3-arm design compared to a 2-arm design 

An alternative design would compare a single dose and schedule of the VRC01 mAb 

versus control. However, the 3-arm design allows addressing additional scientific 

questions and improves the assessment of correlates of protection, without requiring more 

participants by virtue of the primary analysis being based on the pooled mAb groups 

versus control. Specifically, consider a 2-arm design with 2:1 allocation to a single dose 

of VRC01 versus placebo, compared to the 3-arm design in the protocol with 1:1:1 

allocation. For scenarios where the average of PE10 and PE30 equal PE set to a number 

greater than 0 and less than 1, power to reject H0: PE Ò 0% in favor or H1: PE > 0% is 

very similar between the two trial designs, for the same total number of study 

participants. By providing results about estimated PE10 and estimated PE30 as well as 

about pooled estimated PE, the trial provides data for modeling of how PE would change 

given a new dose and/or schedule.  

A second advantage of the 3-arm design is that it allows a direct assessment of the causal 

effect of different mAb infusion doses on HIV-1 incidence based on randomization of 

treatment assignments (a so-called ógroup-levelô correlate of protection), which can 

directly prove the concept that a higher mAb dose causes a greater level of protection. In 

contrast, with a 2-arm design the association between mAb marker characteristics and the 

level of PE can only be inferred with non-randomized epidemiological analysis 

approaches for which the results cannot be guaranteed to be free from postrandomization 

selection bias [112,113]. That is, without a randomization to multiple mAb interventions 

a result that a mAb characteristic is associated with reduced incidence of HIV-1 infection 

may not imply that mAb recipients with the characteristic have a higher level of PE. For 

instance, the implication may fail if participants tend to have fewer HIV-1 exposures 

during the few weeks after infusion visits compared to during the few weeks before 

infusion visits, which could possibly occur related to the counseling and informed 

consent process. Or, the implication may fail if the mAb characteristic marks an intrinsic 
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HIV-1 susceptibility factor that is not caused by administration of the mAb [114-116]. A 

third advantage of the 3-arm design is that the random assignment of two mAb doses 

creates greater inter-individual variability in mAb characteristics, which improves 

statistical power for the assessment of individual-level correlates of protection.  

In sum, the dose-response 3-arm design has the advantages of allowing more insightful 

and rigorous inferences about causal effects of the mAb and greater resolution of 

correlates of protection, and allows addressing the additional question of whether a 

higher dose confers greater PE than a lower dose. 

4.5 Use of safety run-in data in the analyses of prevention efficacy 

Data from all participants, irrespective of enrollment into the safety run-in cohort, are 

included in analyses of prevention efficacy. This is valid because all enrolled participants 

have the same schedule for infusions and follow-up. In the event that infusions are 

paused, the analysis plan would be amended to censor participant follow-up more than 

approximately 10 weeks beyond the last infusion after the pause is instituted.  

4.6 Sample size calculations for testing for overall PE (Primary objective 
2) 

The trial is designed to have 90% power to test 

H0: PE Ò 0% versus the alternative hypothesis H1: PE > 0% 

if the level of overall pooled PE is 60% (with a 1-sided 0.025 Ŭ-level test); the design fits 

the paradigm of an intermediate-sized phase 2b screening efficacy trial proposed for 

HIV-1 vaccine efficacy trials by Rida, Fleming et al [117]. 

The sample size calculations are based on the power of a 1-sided 0.025-level Wald test 

for comparing log-transformed cumulative incidences of HIV-1 infection by the Week 80 

visit between randomized groups, in the presence of the sequential monitoring described 

below. Power is computed based on simulating 10,000 efficacy trials under assumptions 

described below using the R package seqDesign. 

4.6.1 Assumptions of the sample size calculations including sequential monitoring for 
PE 

The following assumptions are made for the sample size calculations: 

¶ 10% annual dropout incidence in each of the three study groups 

¶ 32 month uniform accrual with halved accrual during the first three months 

(approximating current accrual projections) 

¶ visits every 4 weeks for HIV-1 diagnostic tests through Week 80 and HIV-1 status at 

Week 80 is known 

¶ 3% annual HIV-1 incidence in the control group 
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¶ For each of the mAb treatment groups, average PE versus control within an 8-week 

infusion interval is assumed to be the same for each of the 10 infusion intervals  

¶ Sequential monitoring of the mAb groups versus control to stop early for: 

o Potential harm [Establish that PE (pooled over the mAb groups) < 0% based on a 

2-sided monitoring adjusted 90% CI lying below 0%]  

o Non-efficacy [Establish that PE (pooled over the mAb groups) Ò 40% based on a 

2-sided 95% nominal CI lying below 40%] 

o High efficacy [Establish that PE (pooled over the mAb groups) > 70% based on a 

2-sided 95% nominal CI lying above 70%] 

With the exception of the potential harm monitoring, the sequential monitoring of PE 

does not use critical values adjusted for the number of analyses. Examination of the 

design operating characteristics (reported in the figures and tables below) was used to 

ensure that this approach provides a fitting trade-off of the control of false negative and 

false positive error rates. 

Justification for the incidence assumptions is provided in Section 4.6.6. 

We also show power calculations allowing for lower levels of HIV-1 incidence or higher 

levels of dropout. In particular, we show power calculations assuming 1.65% annual 

HIV-1 incidence in the control group, which would account for lower than expected 

incidence rates due to increased PrEP usage. Similarly, power calculations based on 15% 

annual dropout incidence are also considered. 

4.6.2 Power curves and operating characteristics of the design (Primary objective 2)  

Required sample sizes to achieve 90% power to reject H0: PE Ò 0% in favor of H1: PE > 

0% for different values of PE are determined based on 1-sided 0.025 level Wald tests as 

described above. The power calculations are repeated for a range of sample sizes to 

determine the required sample size to achieve 90% power as reported in Figure 4-1. 

These power calculations are conducted using the open source R package seqDesign 

developed by the protocol statisticians [118], which computes power based on simulating 

many thousands of efficacy trials, applying the sequential monitoring procedures to each 

trial, and computing power as the fraction of the trials where the 1-sided 0.025-level 

Wald test rejects the null hypothesis. The calculations are based on a large number of 

simulated efficacy trials.  

Figure 4-1 shows the sample size per group in the three treatment groups required to have 

90% power to reject H0: PE Ò 0% in favor of H1: PE > 0% for different values of 

PE = PE10 = PE30. The results show that about N = 2300 total participants are needed to 

achieve 90% power to detect PE = 60%; the sample size N = 2700 total participants (900 

per arm) is selected to build in a provision of robustness to the control group annual 

incidence being lower than 3.0%. In particular, the lowest control group annual HIV-1 

incidence to retain power of at least 90% to detect PE = 60% is 2.3%. 
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Figure 4-1 Total sample size for 90% power to reject H0: PE Ò 0% in favor of H1: PE > 0% in a 
1:1:1 allocation design with 80 weeks of follow-up for HIV-1 infection for each trial 
participant 

Table 4-1 shows power available to reject the null hypothesis under different levels of 

true PE.  

Table 4-1 Power for rejecting H0: PE Ò 0% in favor of H1: PE > 0% under different effect sizes 
PE = PE10 = PE30 

 Unconditional Power (× 100) 

0% 2.4 

10% 7.8 

20% 19.0 

30% 38.6 

40% 62.9 

50% 84.2 

60% 96.0 

70% 99.5 

80% >99.9 

90% >99.9 

95% >99.9 

The power calculations for the primary analysis of prevention efficacy were done 

assuming PE10 = PE30, and it is of importance to also understand power available in the 

primary analysis in the event that PE10 differs from PE30. Power for rejecting 

H0: PE Ò 0% in favor of H1: PE > 0% when PE equals a fixed constant PE0
 
greater than 0 

and less than 1 is very similar for different values of (PE10, PE30) subject to the 

constraint of average value (PE10+PE30)/2 = PE0. For example, power to test H0 vs. H1 

is very similar for (PE10, PE30) = (60%, 60%) and for (PE10, PE30) = (30%, 90%). This 

result attains because all of these scenarios have the same number of expected HIV-1 

infection events among study participants assigned to receive VRC01. Power tends to be 

slightly greater for differential scenarios like (PE10, PE30) = (30%, 90%) compared to 

the equal scenario (PE10, PE30) = (60%, 60%), because the hypothesis testing procedure 

stratifies by VRC01 dose group, gaining efficiency by accounting for a baseline variable 

that predicts HIV infection. Therefore, the trial is powered to detect the design alternative 
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of a dose-pooled VRC01 efficacy PE equal to 60%, regardless of whether VRC01 

efficacy differs by dose group. 

4.6.3 Additional operating characteristics of the design for assessing primary objective 
2 

For the selected sample size (N = 2700), Figure 4-2 shows the power curves for rejecting 

H0: PE Ò 0% in favor of H0: PE > 0% for a range of fixed values of the pooled PE. The 

power for rejecting H0 when the HIV-1 incidence rate is lower than projected or dropout 

rate is higher than projected are included in the figure.  

The scenario of 1.65% annual HIV-1 incidence represents various amounts of PrEP use 

among study participants. In particular, this 1.65% assumption is attained if 50% of 

person-years atïrisk are not during PrEP use with annual incidence of 3.0%, and the other 

50% of person-years at-risk are during PrEP use at PrEP efficacy of 90% and hence with 

annual incidence of 0.3% [1.65% = (3.0% + 0.3%)/2]. In addition, a slightly higher 

control group annual incidence of 2.0% is attained under each of the following three 

scenarios, all of which assume 90% PrEP efficacy during PrEP use and 3% annual HIV-1 

incidence during person-years at-risk without PrEP use: (A) 50% of person-years at-risk 

during PrEP use in the U.S. and Switzerland; 25% in Peru and Brazil; and 69% 

participants enrolled in the U.S. and Switzerland; (B) 60% of person-years atïrisk during 

PrEP use in the U.S., 30% in Peru and Brazil, and 61% of participants enrolled in the 

U.S. and Switzerland; (C) 75% of person-years atïrisk during PrEP use in the U.S. and 

Switzerland, 40% in Peru and Brazil, and 48% of participants enrolled in the U.S. and 

Switzerland. These calculations support that the study has adequate power to meet the 

primary efficacy objective if there is substantial PrEP use. 

Moreover, we also conducted power calculations assuming 50% of person-years at-risk 

during PrEP use in all three countries, which means that the overall annual HIV-1 

incidence in the placebo group is 1.65% [= (3.0% + 0.3%)/2]. In this scenario, the trial 

has 78% power to detect PE = 60%. 
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Figure 4-2 Unconditional power to reject H0: PE Ò 0% in favor of H1: PE > 0% for a range of 
fixed values of pooled PE based on primary assumptions for HIV-1 incidence and dropout 
rate. Power curves are also shown for a lower than expected HIV-1 incidence rate and a 
higher than expected dropout rate. 

4.6.4 Additional operating characteristics of the primary analysis accounting for the 
sequential monitoring 

For the selected sample size (N = 2700), Figure 4-3 shows probabilities of reaching each 

possible trial monitoring outcome, pooling over the two mAb treatments (under the 

primary assumptions about HIV-1 incidence and dropout rates). More specifically, the 

monitoring outcomes include potential harm, non-efficacy, and high efficacy. Table 4-2 

provides the same information in tabular form. In addition, the figure and table show 

unconditional power in the primary analysis to reject the null hypothesis H0: PE Ò 0% in 

favor of the alternative hypothesis H1: PE > 0%. 
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Figure 4-3 Probabilities of reaching each possible trial monitoring outcome, and 
unconditional power to reject the primary null hypothesis H0: PE Ò 0%with 900 control 
recipients and 1800 mAb recipients (1-sided 0.025-level tests) 

Table 4-2 Probabilities (x 100) of reaching each possible trial monitoring outcome, and 
unconditional power (x 100) to reject the null hypothesis H0: PE Ò 0% in favor of the 
alternative hypothesis H1: PE > 0%, pooling over the two mAb groups (1-sided 0.025-level 
tests) 

  Weed Out at Interim Analysis   

PE HR 
Potential Harm 

PE < 0% 
Non-Efficacy 

PE < 40% 
High Efficacy 

PE > 70% 
Unconditional Power 

PE > 0% 

 

3.0 95.3 4.7 0.0 0.0 

2.5 87.8 12.2 0.0 0.0 

2.0 69.1 30.9 0.0 0.0 

1.5 34.0 66.0 0.0 0.0 

0% 1.0 4.9 92.7 0.0 2.4 
10% 0.9 2.6 89.6 0.0 7.8 
20% 0.8 1.1 79.8 0.0 19.0 
30% 0.7 0.4 61.0 0.0 38.6 
40% 0.6 0.1 37.0 0.0 62.9 
50% 0.5 0.0 15.8 0.0 84.2 
60% 0.4 0.0 4.0 0.1 96.0 
70% 0.3 0.0 0.5 2.0 99.5 
80% 0.2 0.0 0.0 23.6 100.0 
90% 0.1 0.0 0.0 85.4 100.0 
95% 0.0 0.0 0.0 99.2 100.0 

N = 900:1800 Control:mAb group 
3% annual incidence in the Control group 
10% annual dropout 
Cumulative incidence-based non-efficacy monitoring 
Cumulative incidence-based high-efficacy monitoring 
Cumulative incidence-based unconditional power 

Table 4-3 shows the numbers of HIV-1 infection endpoints during the trial expected 

under the null hypothesis scenario PE = PE10 = PE30 = 0% and under the design 
































































































































































































































































