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VL change, CD4" T-cell count, ART initiation, or HIV-related

Abstract: The impact of the investigational human immunodefi-
clinical events at intermediate timepoints. Among F4/AS01p recipi-

ciency virus type 1 (HIV-1) F4/AS01g vaccine on HIV-1 viral load

(VL) was evaluated in antiretroviral therapy (ART)-naive HIV-1
infected adults.

This phase IIb, observer-blind study (NCT01218113), included
ART-naive HIV-1 infected adults aged 18 to 55 years. Participants

ents, the most frequent solicited symptoms were pain at injection site
(252/300 doses), fatigue (137/300 doses), myalgia (105/300 doses),
and headache (90/300 doses). Twelve serious adverse events were
reported in 6 participants; 1 was considered vaccine-related (F4/

ASO1p_2 group: angioedema). F4/AS01p induced polyfunctional
F4-specific CD4 " T-cells, but had no significant impact on F4-specific
CD8" T-cell and anti-F4 antibody levels.

F4/AS01g had a clinically acceptable safety profile, induced F4-
specific CD4™ T-cell responses, but did not reduce HIV-1 VL, impact
CD4" T-cells count, delay ART initiation, or prevent HIV-1 related
clinical events.

were randomized to receive 2 (F4/AS01g_2 group, N=64) or 3 (F4/
ASO1p_3 group, N=62) doses of F4/ASO1g or placebo (control
group, N =064) at weeks 0, 4, and 28. Efficacy (HIV-1 VL, CD4"
T-cell count, ART initiation, and HIV-related clinical events), safety,
and immunogenicity (antibody and T-cell responses) were evaluated
during 48 weeks.

At week 48, based on a mixed model, no statistically significant
difference in HIV-1 VL change from baseline was demonstrated
between F4/ASOlg_2 and control group (0.073 log;ocopies/mL
[97.5% confidence interval (CI): —0.088; 0.235]), or F4/AS01p_3
and control group (—0.096 logocopies/mL [97.5% CI: —0.257,
0.065]). No differences between groups were observed in HIV-1
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Abbreviations: AE = adverse event, ART = antiretroviral therapy,
ATP = according-to-protocol, CD40L = CD40-ligand, CI =
confidence interval, DAIDS = Diseases Division of AIDS, EU =
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ELISA unit, GMC = geometric mean antibody concentration,
HIV = human immunodeficiency virus, ICS = intracellular cytokine
staining, IFN-y = interferon-y, IL-2 = interleukin-2, pIMD =
potentially immune mediated disease, RT = reverse transcriptase,
SAE = serious adverse event, SAS = Statistical Analysis System,
SD = standard deviation, TNF-a = tumor necrosis factor-a, TVC =
total vaccinated cohort, VL = viral load.

INTRODUCTION

Antiretroviral therapy (ART) has greatly enhanced viral

control and improves the quality of life for human
immunodeficiency virus (HIV)-infected individuals. However,
ART is associated with significant side effects and cannot
eliminate or decrease the latent reservoir of infected cells.
So, there is a great need for the development of successful
therapies that can decrease or eliminate these viral reservoirs
and therefore reduce the need for lifelong ART.! Therapeutic
vaccines inducing strong T-cell-mediated immune responses
against HIV type 1 (HIV-1) are currently under development.>
One investigational indication for these vaccines is to comp-
lement ART with the aim to control HIV-1 viral load (VL) and
to potentially eradicate the virus.*

An HIV-1 investigational vaccine (F4/AS01g), consisting
of a recombinant fusion protein (F4) containing 4 HIV-1 clade
B antigens combined with the ASOlg adjuvant system, has

recently been developed. In previous trials, F4/ASO1g had a
clinically acceptable safety profile and induced long-lasting
F4-specific polyfunctional CD4" T-cell responses, but no
CD8™ T-cell responses.>™® In HIV-1 seronegative adults,
similar magnitudes and qualities of CD4" T-cell responses
were observed as those displayed by subjects who spon-
taneously control an HIV infection.” A post-hoc analysis of
apilot placebo controlled trial of F4/AS01g revealed continued
suppression of the HIV-1 VL in treatment experienced partici-
pants, and a transient decrease in HIV-1 VL levels after the 2nd
immunization in treatment naive participants, which was
associated with higher polyfunctional CD4" T cell
responses.®  Vaccine-induced F4-specific CD4%  T-cell
responses were lower and less persistent in ART-naive than
in ART-experienced HIV-1 infected adults.

One of the 2 coprimary objectives of this study was to
confirm the transient antiviral effect observed in the pilot
trial. Although F4/ASO01g essentially induced F4-specific
CD4% T cell responses and not functional CD8" T-cells
(the latter playing an essential role in controlling HIV-1
replication), HIV-1-specific CD4" T-cells are also needed
to generate effective immune responses and to maintain
functional CD8" T-cells.’” ' In addition, a 3rd dose of F4/
ASOlp could have a higher impact on HIV-1 VL in ART-
naive HIV-1 infected patients by improving the magnitude
and duration of F4-specific CD4" T-cell responses or any

Supplemental Digital Content is available for this article.

DP, EDJ, IF, JS, NB, KM, LW, MJP-E, OL, RR, SLK, SSn, SSw, TH, and WD report to have received an institutional grant from GSK Group of Companies for
conducting this study. BCS received grants from Gilead, MSD and ViiV, and consultancy fees from BMS, Gilead, Janssen and MSD. DP also received
institutional grants from Viiv, BMS, Gilead Janssen and Pfizer, and payments for consultancy from Viiv, BMS, Abbott, Gilead Janssen, Merck, and Pfizer.
EDJ also received payments for board membership from Gilead and Janssen, for consultancy from Merck and GSK, and for lectures from Gilead, Janssen,
and Vertex. EOG received payment from BMS, Janssen and Gilead for board membership. FF received payments for lectures from AbbVie, Gilead, Janssen,
Merk, and ViiV. FR received grant from Gilead, Janssen, and Merk, payment for board membership and consultancy from Gilead, Janssen, Merk, and
ViiVhealthcare, and payment for lectures including service on speakers bureaus from Abbvie, BMS, Gilead, Janssen, Merk, and ViiVhealthcare. GP has
received payments for board membership from Gilead, ViiV healthcare, Abbvie, BMS, Janssen, and Pfizer, for Expert testimony from ViiV Healthcare, for
the development of educational presentations from BMS, MSD and Gilead, and received institutional grants from BMS and Gilead (not related to the study).
IF received honoraria from Gilead Sciences and ViiV Healthcare for participation on advisory boards, and from Janssen for expert testimony. JB is a
consultant for Quest Diagnostics. J-DL is the head of the clinical department of the VRI (vaccine research Institute), a French public entity that aims to
develop anti-HIV vaccines. J-DL received an institutional grant from MSD and payments for lectures including service on speakers’ bureaus from BMS,
Gilead, GSK, and ViiVHealthcare. J-MM received institutional grants from Merck and Gilead, and personal fees for board membership from BMS, Merck,
Janssen Gilead, and ViiV, and for lectures from Gilead. JS also received support for travel to meetings for study purposes from GSK via his institute. KM
received grants and payments for consulting, and support for travel to meetings from Gilead, Johnson and Johnson, Merck, and ViiV. LW also received
institutional grants from ViiV Healthcare and GSK, personal consultancy fees from Bristol Myers Squibb, payment for board membership from Merck
Sharpe Dohme, for lectures from Janssen, and for travel expenses from ViiV Healthcare and Gilead. MJP-E received honoraria for lectures, for participation
in advisory boards or travel/meeting expenses from Abbott, Bristol-Myers Squibb, Gilead Sciences, ViiV, MSD, and Janssen and for board membership
from Abbvie, and received payments to develop educational presentations for Abbvie, Bristol-Myers Squibb, Gilead, MSD, and ViiV and unrestricted
institutional grants from ViiV and Janssen. NB also received grants from Gilead, Sanofi Pasteur, Roche, AbbVie, BMS and Janssen Cilag, and payments to
his institution for consultancy and development of educational presentations from Gilead and for consultancy for MSD. OB received an institutional grant
from Gilead and payments for board membership by the Sigma Tau Lab, and participated to the Viking study from GSK. OL also reported not having shares
or paid employment with pharmaceutical companies, being an investigator on vaccine studies sponsored by the GSK group of companies and other
companies, and received travel support to attend scientific meetings from the GSK group of companies and other companies. P-MG received institutional
grant from Gilead and Roche, payments for board membership from MSD, Janssen, BMS, and Gilead, and for lectures from BMS, Janssen, and Viiv
HealthCare. RR declares receiving institutional grant from Abbott and Janssen, and personal payments for lectures from Abbott, Bristol-Myers Squibb,
ViiV, Gilead, Roche and Janssen. SE received institutional grant and payments for board membership and travel expenses from Abbvie, BMS, Gilead,
Janssen, MSD, ViiV, and for lectures from Gilead. SLK also received institutional grant from NIH — AIDS Clinical Trials Group, for a Multicenter AIDS
Cohort Study. SSn also received personal fees and nonfinancial support from GSK at the time of the study, and grant, personal fees and nonfinancial support
from Gilead Sciences, Sumagen and Merk outside the submitted work. SSw also received institutional grants from GSK and Pfizer. TH also received
personal fees from GSK for advisory board and compensation for work as PI for this study. TH also received payments for consultancy from BMS, for
lectures from Abbott, Gilead, Janssen, and BMS, for travel expenses from Octapharma, Gilead, and Janssen, and received an institutional grant from Pfizer.
WD also received support for travel to the investigator meeting for this study from GSK via his institute.

Source of Funding: AC, FR, MK, and PB are employed by GSK group of companies. FR, MK, and PB own GSK stocks/stock options. FR and MK received
payments for travel/meeting expenses from GSK; MK declares having a PG4653 and VB60990 patents issued and VU64361 patent pending. All 3 patents
are filed in some countries, and the first 2 are granted in others.

GlaxoSmithKline Biologicals SA was the funding source and was involved in all stages of the study conduct and analysis. GlaxoSmithKline Biologicals SA also
took responsibility for all costs associated with the development and publishing of the present manuscript.

AM, FG, G-PY, JC, JS, and NCdV have no conflict of interest to disclose.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

This is an open access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0, where it is permissible to

download, share and reproduce the work in any medium, provided it is properly cited. The work cannot be changed in any way or used commercially.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000002673

2 | www.md-journal.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.


http://dx.doi.org/10.1097/MD.0000000000002673

Medicine ¢ Volume 95, Number 6, February 2016

HIV Vaccination of HIV-Infected Adults

other unknown immunological mechanism. Next to virolo-
gical efficacy evaluations, this phase IIb, proof-of-concept
study, was also designed to evaluate the safety and immu-
nogenicity of 2 or 3 doses of F4/AS01g compared to placebo
in this population.

METHODS
Study Design and Participants

This phase IIb, observer-blind, randomized study was
conducted in 15 centers in the United States, 10 in France, 8
in Germany, and 7 in Spain between November 2010 and
November 2012. Participants were ART-naive HIV-1 infected
adults aged 18 to 55 years at the time of 1st vaccination, who
were under the care of HIV physicians for >6 months (or >12
months if they initially presented with a clinical diagnosis of
primary HIV-1 infection), with CD4" T-cell count >500 cells
per mm® and HIV-1 VL level between 2000 and 80 000 copies/
mL at screening, and with no planned ART initiation within the
next 12 months. Standard eligibility and exclusion criteria were
used for enrollment, as detailed in the ClinicalTrials.gov reg-
istry (NCT01218113).

Participants were randomized (1:1:1) to receive 3 doses of
F4/AS01g at weeks 0, 4, and 28 (F4/AS01g_3 group); 2 doses of
F4/AS01y at weeks 0 and 4, and 1 dose of placebo at week 28
(F4/AS01g_2 group); or 3 doses of placebo at weeks 0, 4, and 28
(control group). Blood samples were collected from the partici-
pants at weeks 0, 4, 6, 16, 28, 30, 38, and 48. This study was
observer-blind, since the vaccine recipients and those respon-
sible for the evaluation of any study endpoint were all blinded to
the treatment. Vaccine preparation and administration were
done by authorized medical personnel who did not participate
in any of the study clinical evaluation or assays.

The randomization was performed at GSK Vaccines (Rix-
ensart, Belgium) using a standard Statistical Analysis System
(SAS; Institute Inc., Cary, NC) program. The randomization
algorithm used a minimization procedure accounting for
country, gender, CD4" T-cells count, and HIV-1 VL
at screening.

The study was conducted in accordance with the Good
Clinical Practice Guidelines and the Declaration of Helsinki.
The protocol and associated documents were reviewed and
approved by the investigational independent ethics committee.
All participants provided written informed consent prior to
study entry. This study has been registered at http:/
www.clinicaltrials.gov NCT01218113.

Study Vaccine

The F4/AS015 investigational vaccine contained 10 g of
F4, a recombinant fusion protein encoding 4 HIV-1 clade B
antigens (p24, reverse transcriptase [RT], Nef, and p17), and
was adjuvanted with ASO1g, containing 3-O-desacyl-4’-mono-
phosphoryl lipid A, QS-21 (Quillaja saponaria Molina, fraction
21; licensed by GSK from Antigenics Inc., a wholly owned
subsidiary of Agenus Inc., a Delaware, USA corporation), and
liposomes.® The associated placebo was saline (NaCl 0.9%). F4/
ASO1g (0.5mL) and the placebo (0.7 mL) were injected intra-
muscularly into the deltoid muscle of the participant’s
nondominant arm.

Study Objectives

The primary objectives were to evaluate differences in HIV-
1 VL change from baseline at week 48 between participants who

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

received F4/AS01p or the placebo, and to assess the reactogeni-
city and safety of F4/ASOlg. Secondary objectives were to
evaluate differences in HIV-1 VL change from baseline at week
48 between the F4/AS01g_2 and the F4/ASO1g_3 groups, and to
compare the following endpoints at all timepoints between the 3
groups: absolute HIV-1 VL and CD4" T-cell counts, and their
changes from baseline; incidence of, and time to ART initiation or
occurrence of HIV-related clinical events; and HIV-specific T-cell
and antibody immune responses.

Safety Assessments

Occurrence, intensity, and relationship to vaccination of
local (injection site pain, redness, and swelling) and general
(fever, fatigue, headache, sweating, myalgia, and gastroin-
testinal symptoms) solicited adverse events (AEs) were
recorded for 7 days, and of unsolicited AEs for 28 days,
after each vaccination. During the entire study period, occur-
rence and relationship to vaccination of serious adverse
events (SAEs) and potentially immune mediated diseases
(pIMDs) were reported, and hematological and biochemical
parameters were evaluated. The National Institute of Allergy
and Infectious Diseases Division of AIDS (DAIDS) scale was
used to grade AEs, and hematological and biochemical
parameters.”’ If a solicited local or general AE was scored
as grade 4 in accordance with the DAIDS scale, it was
considered as a SAE.

In order to monitor carefully a potential ophthalmological
toxicity of F4/AS01g, with lens opacities described in a minipig
model during preclinical assessments (not confirmed in rabbits
during a repeated toxicological study in New Zealand), an
ophthalmologic examination with slit-lamp was performed at
baseline and at the end of the study.

Efficacy Assessment

At a validated central laboratory designated by GSK
Vaccines, HIV-1 VL was tested in plasma samples by an
ultrasensitive RT-polymerase chain reaction using the Abbott
RealTime HIV-1 assay (cut-off: 50 copies/mL). CD4" T-cell
counts were performed on blood samples by flow cytometry.
Time to ART initiation or occurrence of HIV-related clinical
events was computed in days following the Ist vaccination
during the entire study period. HIV-related clinical events were
defined as confirmed CD4" T-cell count <350 cells/mm?,
confirmed HIV-1 VL >100,000copies/mL or clinical
disease progression.

Immunogenicity Assessments

F4-specific CD4" and CD8" T-cell responses were
measured by flow cytometry using intracellular cytokine stain-
ing (ICS) after 2 hous in-vitro stimulation with p17, p24, RT,
and Nef peptide pools in presence of anti-CD48/anti-CD49d
antibodies followed by ~18 hours incubation with Brefeldin A
to assess the expression of interleukin-2 (IL-2), tumor necrosis
factor-a (TNF-a), interferon-y (IFN-y), and CD40-ligand
(CD40L; T-cell activation marker). ICS was performed on
peripheral blood mononuclear cells isolated from venous blood,
using an adaptation of a previously described method (Supple-
ment 1, http://links.lww.com/MD/A671).5

Standard in-house enzyme-linked immunosorbent assays
were used to measure antibody levels in enzyme-linked immu-
nosorbent assays units (EU) against p17 (cut-off: 187 mEU/
mL), p24 (119 mEU/mL), RT (125 mEU/mL), Nef (232 mEU/
mL), and F4 (42mEU/mL), as previously described.®
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Statistical Analyses

The target sample size was 150 evaluable participants (50
participants in each group), in order to observe the primary
efficacy objective with a power of >90% for a 0.5 true group
difference in terms of HIV-1 VL (corresponding to an approxi-
mate 3-fold decrease) and for a 0.7 standard deviation (SD) of
the change from baseline in log;o-transformed HIV-1 VL
(copies/mL) using a Bonferroni adjustment to account for the
2 planned comparisons (2-sided 0.025 level used for each
comparison). Considering a drop-out rate of approximately
20%, 189 participants were planned to be enrolled.

Safety analyses were performed on the total vaccinated
cohort (TVC). Numbers and percentages of patients reporting
AEs were calculated with exact 95% confidence intervals (CIs).
SAEs and pIMDs were described in detail.

Efficacy analyses were performed on the modified TVC
that was predefined by protocol to include all eligible partici-
pants, who received at least 1 vaccine dose and with sufficient
data to perform the efficacy analysis. For study participants who
initiated ART treatment during the study period, CD4" T-cell
count and HIV-1 VL data were only considered if they were
collected before ART initiation and were censored after that
timepoint. Moreover, CD4™ T-cell count, HIV-1 VL, and ART
initiation data were censored if they were recorded after an
active study vaccine administration that was missed (not for
placebo), not performed according-to-protocol (ATP), or per-
formed after a medication or concomitant vaccination that led to
discontinuation of the participant. Changes from baseline in
terms of mean CD4" T-cell count and median HIV-1 VL were
evaluated for each group and at each timepoint. The antiviral
impact of F4/ASO1g was demonstrated if the upper limit of the
2-sided 97.5% ClI for the difference in HIV-1 VL change from
baseline at week 48 between the F4/ASO1g_2 and the control
group, or between the F4/ASO15_3 and the control group, was
<0. To control the global type I error below 2.5% (one-sided), a
Bonferroni adjustment was used for the 2 comparisons. For
HIV-1 VL and CD4™" T-cell count, a mixed model for repeated
measurements was used to detect differences between
groups.>""** The model included baseline HIV-1 VL (logo-
transformed), baseline CD4" T-cells count (crude value), gen-
der, and country as covariates, and used an unstructured var-
iance—covariance matrix, time, and timexgroup as fixed
categorical effects.

Immunogenicity analyses were performed on the ATP
immunogenicity cohort that included all participants from the
TVC, who did not receive any vaccine or medication not
specified or forbidden in the protocol, complied with protocol
defined procedures and intervals, had no elimination criteria
during the study, and for whom immunogenicity results were
available against at least 1 study vaccine antigen after vaccina-
tion. Only data collected before ART initiation were considered
for immunogenicity analyses, and data collected after that
timepoint were censored. Immunogenicity results were sum-
marized using descriptive statistics for continuous variables and
percentages with 95% Cls for categorical variables. ICS results
were expressed as the percentage of the total CD40L"CD4 ™ and
CDS8™" T-cells expressing IL-2 and/or IFN-y and/or TNF-« in
response to stimulation with p17, p24, RT, or Nef antigen minus
the response measured upon in-vitro stimulation with medium
only. F4-specific CD4" or CD8" T-cell responses were esti-
mated from the sum of specific CD4" or CD8* T-cell frequen-
cies in response to each individual antigen. F4-specific CD4" T-
cell measures were characterized based on their magnitude
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(frequencies of CD40L"CD4" T-cells expressing at least IL-
2 and at least 1 cytokine), cytokine coexpression profiles, and
breadth (percentage of responders after in-vitro stimulation with
each individual antigen and with at least 1, 2, 3, or 4 antigens).
For any postvaccination time point, participants with undetect-
able cytokine secretion at prevaccination were defined as
responders if they had >0.08% of CD40L"CD4*" T-cells
expressing at least 1 cytokine; this cut-off was selected based
on the prevaccination 95th percentiles for the percentage of
CD40L™ CD4™ T-cells expressing at least 1 cytokine, and was
computed to correspond to 300 cells per million CD4" T-cells
for stimulation by each separate antigen, and to 800 cells per
million CD4" T-cells for stimulation by F4 in 2 previous
studies.®® In participants with detectable cytokine secretion
at prevaccination, response was defined as at least 2-fold
increase from baseline in CD40L*"CD4" T-cells expressing
at least 1 cytokine. F4-specific CD8" T-cell responses were
characterized based on their magnitudes (frequencies of CD8"
T-cells expressing at least 1 cytokine [IL-2, TNF-a, or IFN-v]).
Exploratory analyses were performed to characterize differ-
ences between groups in T-cell responses; any difference
detected should be interpreted with caution considering that
there was no adjustment for multiplicity of endpoints and that
the clinical relevance of the difference was not accounted for.
Percentages of participants with anti-F4 antibody concen-
trations above cut-offs were calculated with 95% Cls using
the exact method for binomial variables. Geometric mean
antibody concentrations (GMCs) for anti-F4 antibodies were
calculated with 95% Cls using antilogs of the 95% CIs of mean
logo-transformed antibody concentrations. Antibody concen-
trations below assay cut-offs were given an arbitrary value of
half the cut-off for GMC calculations.

Analyses were performed using the SAS software version
9.2 (SAS Institute Inc., Cary, NC).

RESULTS

Study Participants

Of the 320 screened participants, 190 were included in the
TVC (Figure 1). Of these, 185 participants were included in the
modified TVC and 129 in the ATP immunogenicity cohort.
Twelve participants withdrew from the study, none due to an
AE. The groups were adequately balanced in terms of age, male
to female ratio, ethnicity, and HIV-related parameters (Table 1
and Supplement 2, http://links.lww.com/MD/A671).

Safety Results

Pain at injection site was the most common solicited local
symptom and was reported following a given dose by up to
89.6% of F4/AS01y recipients (9.2% for pain with grade >3
intensity) compared to 19% of participants in the control group
(no pain with grade >3 intensity) (Figure 2). The most common
solicited general symptom was fatigue, which was reported
following a given dose by up to 46.7% of F4/AS01p recipients
compared to 25.4% of participants in the control group. Head-
ache and myalgia were also frequently reported following
administration of F4/ASO1g. General symptoms with grade
>3 intensity were reported in <5.4% of participants.

Unsolicited symptoms were reported in 48.4%, 65.6%, and
53.1% of participants in the F4/ASO1g_3, F4/AS01g_2, and
control group, respectively (unsolicited symptoms with grade
>3 intensity in 4.8%, 10.9%, and 4.7% of participants). The
most frequently reported unsolicited symptoms in the 3 groups

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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320 screened participants

l

190 randomized participants

¥ ¥ ¥
F4/AS01; 3 TVC (N=62) F4/AS01, 2 TVC (N=64) Control TVC (N=64)
¥ ¥ ¥

Modified TVC (N=61)
1 excluded: Randomization failure (1)

Modified TVC (N=64)

Modified TVC (N=60)
4 excluded: Protocol violation (3);
Essential data missing (1)

¥

¥

¥

ATP immunogenicity cohort
(N=44)

17 excluded: Administration of vaccine
forbidden in the protocol (1); Non
compliance with vaccination schedule
(8); Non compliance with blood
sampling schedule (6); Other (2)

ATP immunogenicity cohort
(N=45)

19 excluded: Non compliance with
vaccination schedule (6); Non
compliance with blood sampling
schedule (10); Other (3)

ATP immunogenicity cohort
(N=40)

20 excluded: Non compliance with
vaccination schedule (8); Non
compliance with blood sampling
schedule (7); Other (5)

Completed the study (N=57)
5 withdrawn: Consent withdrawal (1);
Migrated/moved from study area (1);

Completed the study (N=63)
1 withdrawn: Lost to follow-up (1)

Completed the study (N=58)
6 withdrawn: Consent withdrawal (1);

Lost to follow-up (3)

Lost to follow-up (4); Other (1)

FIGURE 1. Flow of participants. F4/AS015_3 = participants randomized to receive three doses of F4/AS01 at weeks 0, 4, and 28; F4/
ASO1p_2 =participants randomized to receive 2 doses of F4/ASO1g at weeks O and 4, and 1 dose of placebo at week 28;
control = participants randomized to receive 3 doses of placebo at weeks 0, 4, and 28; TVC=total vaccinated cohort; ATP=

according-to-protocol; N =number of participants.

largely involved upper respiratory tract infections. The percen-
tages of participants reporting solicited and unsolicited symp-
toms did not markedly increase between the 1st, 2nd, and
3rd doses.

Twelve SAEs were reported by 6 participants: 1 partici-
pant in the F4/AS01_3 group, 3 in the F4/AS01g_2 group, and
2 in the control group (Supplement 3, http://links.lww.com/
MD/A671). No fatal SAEs were reported. One SAE (angioe-
dema) in the F4/AS01p_2 group was considered by the inves-
tigator as related to vaccination. This vaccine-related SAE was
reported on the day of 2nd dose administration by a participant
who had pain at injection site that did not resolve, took a pain
medication (tramadol and paracetamol) in the evening, and
experienced angioedema symptoms (lip and eye lid edema)
that resolved after cetirizine treatment. The participant recov-
ered 5 days after onset of the event, but was withdrawn from
further vaccination in the study. One pIMD, which was not
considered as related to vaccination, was reported by a partici-
pant in the F4/ASO1g_2 group (psoriasis occurring 77 days
after the second dose).

The vast majority of participants had no or grade 1
hematological and biochemical parameters, and only 12
events graded DAIDS category >3 were reported. Very
few hematological and biochemical results worsened
after vaccination.

Between initial visit and the end of the study, 10 partici-
pants had differences in lens opacity results (7 had improved
lens opacity). No ophthalmologic observations were considered

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

clinically relevant (Supplement 4, http:/links.lww.com/MD/
A671).

Efficacy Results
HIV-1 VL

The data failed to demonstrate a statistically significant
reduction of HIV-1 VL from baseline to week 48 in the F4/
ASO1p_3 or F4/AS01g_2 group compared to the control group
(Table 2).

At week 48, mean (SD) HIV-1 VL values were 4.1 (0.4),
4.2 (0.6), and 4.2 (0.6) log;o copies/mL in the F4/AS015_3, F4/
ASO1p_2, and control group, respectively. The median HIV-1
VL change from baseline to week 48, in terms of differences of
each value at week 48 minus baseline value, was 0, 0.1, and 0.1
log;o copies/mL in the F4/AS01g_3, F4/AS015_2, and control
group, respectively (Supplement 5, http:/links.lww.com/MD/
A671). No differences between groups in terms of HIV-1 VL
change from baseline were observed at intermediate timepoints,
when the mixed model was used (Supplement 6, http://
links.Iww.com/MD/A671).

CD4" T-Cell Counts

At week 48, the median (minimum—maximum) absolute
number of CD4" T-cells were 622.5 (294-1119), 597 (329-
1331), and 580.5 (371-1310) in the F4/AS01_3, F4/AS01p_2,
and control group, respectively. No differences between groups
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TABLE 1. Demographic and Baseline HIV Characteristics of the Study Participants (Modified Total Vaccinated Cohort)

F4/AS015_3 F4/AS015_2 Control
Characteristic Parameter or Category (N=61) (N=64) (N=60)
Demographic characteristics
Age, years Mean (range) 34.8 (18, 51) 37.0 (22, 53) 36.5 (24, 55)
Gender Male, n, % 52 (85.2) 54 (84.4) 51 (85.0)
Geographic ancestry White-Caucasian/European, n, % 42 (68.9) 51 (79.7) 38 (63.3)
Other, n, % 19 (31.1) 13 (20.3) 22 (36.7)
Mode of transmission Homosexual contact, n, % 47 (77.0) 49 (76.6) 45 (75.0)
Heterosexual contact, n, % 13 (21.3) 16 (25.0) 12 (20.0)
Injectable drug use, n, % 2(3.3) 0 (0.0) 2 (3.3)
Transfusion, n, % 1 (1.6) 2 (3.1 0 (0.0)
Occupational exposure, n, % 1 (1.6) 0 (0.0) 1(1.7)
Other risk, n, % 1(1.6) 1(1.6) 1(1.7)

Baseline HIV characteristics
Time from diagnosis, years
CD4" T-cells count nadir
Time from CD4" T-cell

nadir, years
HIV clade

Median (range)
Median (range)
Median (range)

B, n, %
Other, n, %
Unknown, n, %

2.17 (0.50, 11.33)
566.0 (339, 834)
0.58 (0.00, 5.92)

24 (39.3)
5(8.2)
32 (52.5)

2.13 (0.50, 12.92)
546.5 (136, 1228)
0.71 (0.00, 7.75)

21 (32.8)
9 (14.1)
34 (53.1)

2.50 (0.58, 24.17)
563.0 (323, 1121)
0.54 (0.00, 9.08)

18 (30.0)
8 (13.3)
34 (56.7)

F4/AS01p_3 = participants randomized to receive three doses of F4/AS01y at weeks 0, 4, and 28; F4/AS01g_2 = participants randomized to receive
2 doses of F4/AS01p at weeks 0 and 4, and 1 dose of placebo at week 28; control = participants randomized to receive 3 doses of placebo at weeks 0, 4,
and 28; N =total number of participants; n (%) =number (percentage) of participants in a given category. HIV =human immunodeficiency virus,

SD = standard deviation.
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FIGURE 2. Percentage of participants reporting solicited local and general symptoms during the 7-day postvaccination period after each
dose (total vaccinated cohort). F4/AS01g_3 = participants randomized to receive 3 doses of F4/ASO1g at weeks O, 4, and 28; F4/
ASO1p_2 =participants randomized to receive 2 doses of F4/ASO1g at weeks O and 4, and 1 dose of placebo at week 28; con-

trol

F4/AS01g_2 groups; errors bars represent exact 95% confidence intervals.
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= participants randomized to receive three doses of placebo at weeks 0, 4, and 28; pooled F4/ASO1g=pooled F4/AS015_3 and
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TABLE 2. Between Group Comparisons in Terms of Change in HIV-1 Viral Load From Baseline to Week 48 (Modified Total

Vaccinated Cohort)

F4/AS01g Group

Estimated Difference
(F4/AS01z Minus Placebo)

Control Group in HIV-1 VL, logy copies/mL

Estimated Mean Estimated Mean Value
N 95% CI) N 95% CI) (97.5% CI)
F4/AS01p_3 61 0.037 (—0.071, 0.146) Control 60 0.133 (0.033, 0.234) —0.096 (—0.257, 0.065)
F4/AS015_2 64 0.207 (0.099, 0.315) Control 60 0.133 (0.033, 0.234) 0.073 (—0.088, 0.235)

F4/AS01p_3 = participants randomized to receive 3 doses of F4/AS01p at weeks 0, 4, and 28; F4/AS015_2 = participants randomized to receive 2
doses of F4/AS01p at weeks 0 and 4, and 1 dose of placebo at week 28; control = participants randomized to receive 3 doses of placebo at weeks 0, 4,
and 28; N =number of participants used in the model; mean = geometric mean based on least squares means from the repeated-measures
mixed model. The differences (logjo-transformed HIV-1 viral load) were based on a repeated-measures mixed model. CI = confidence interval,

HIV = human immunodeficiency virus, VL = viral load.

in terms of changes in CD4" T-cell count from baseline were
observed at each timepoint, when the mixed model was used
(Supplement 7, http://links.lww.com/MD/A671).

ART Initiation and HIV-Related Clinical Events

ART initiation was reported in 8.2%, 6.3%, and 8.3% of
participants, and mean time to ART initiation was 261.4, 253.5,
and 179.8 days after the 1st vaccination in the F4/AS01g_3, F4/
ASO01p_2, and control group, respectively. HIV-related clinical
events were reported in 9.8%, 10.9%, and 10.0% of participants
in the F4/AS01p_3, F4/AS01g_2, and control group, respect-
ively. No difference between groups was observed in terms of
ART initiation or HIV-related clinical events (Supplements and
9, http:/links.lww.com/MD/A671).

Immunogenicity Results

CD4" T-Cell Response

At baseline, high preexisting F4-specific CD40L"CD4™"
T-cells expressing at least 1 cytokine were detected in the 3
groups, but levels of CD40L"CD4 " T-cells expressing at least
IL-2 (alone or together with other cytokines) were low. Follow-
ing administration of 2 or 3 doses of F4/AS01g, percentages of
F4-specific CD40L"CD4" T-cells expressing at least IL-2
increased to similar levels (Figure 3A). Vaccine-induced F4-
specific CD40L*CD4 ™" T-cell levels declined overtime, but the
responder rate for F4-specific CD40L"CD4™ T-cells expres-
sing at least IL-2 was still 51% of participants in the F4/
ASOlp_3 group at week 48 (Supplement 10, http://links.lww.
com/MD/A671). In the control group, no increases in F4-
specific CD40L*CD4" T-cell responses were observed after
administration of the placebo (data not shown).

Differences between F4/ASOlg and control groups in
terms of number of CD40L* CD4" T-cell expressing at least
IL-2 were for each antigen is described in Supplement 11, http://
links.lww.com/MD/A671. Vaccine-induced CD40L™ CD4"
T-cells had a polyfunctional cytokine profile, and mainly
expressed IL-2 alone or in combination with TFN-a and/or
IFN-v (Figure 3B). In the control group, CD40L"CD4" T-cells
mainly expressed IFN-y or TNF-a alone or in combination, and
only few CD40L"CD4 " T cells expressed IL-2. The proportion
of polyfunctional CD40L*CD4™ T-cells induced by 2 doses of

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

F4/AS01g further increased following the 3rd dose adminis-
tration and were maintained up to the study end (Figure 3C).

CD8" T-Cell Response

High levels of F4-specific CD8" T-cells were observed
over the whole study period, without any impact of vaccination
(Supplement 12, http://links.lww.com/MD/A671). F4-specific
CD8" T-cells mainly expressed IFN-y with or without TNF-a.

Humoral Immune Responses

The observed anti-F4, -p17, -p24, and -RT antibody levels
were not impacted by F4/AS01g vaccination (Supplement 13,
http:/links.lww.com/MD/A671). An increase in anti-Nef GMCs
was observed after the 3rd F4/AS01g dose administration.

Post-Hoc Exploratory Analyses

Post-hoc observations of the individual kinetics of VL or
CD4™ T-cells count did not allow to detect any indication of
vaccine effect in different subsets of subjects who showed an
increase or decrease at week 6 or 48 compared to baseline. No
correlation was found between HIV-specific CD4" T-cells
immune response and change in VL (Supplement 14, http://
links.lww.com/MD/A671).

DISCUSSION

This study confirmed that 2 or 3 doses of the F4/AS01p
investigational vaccine had a clinically acceptable safety and
reactogenicity profile in ART-naive HIV-1 infected adults. No
safety concerns were raised in the study population, which is in
line with results of previous studies conducted in healthy adults
and in HIV-1 infected patients.®®

The primary efficacy objective of the study was not met,
since no statistically significant reduction of HIV-1 VL was
detected in F4/ASOlp vaccine recipients as compared to
placebo at 48 weeks after the 1st vaccination. This study did
not confirm the transient reduction in HIV-1 VL compared to
placebo, which was previously observed in a smaller study.®
Moreover, 2 or 3 doses of the F4/ASO1yz vaccine did not
significantly impact the HIV-1 VL, CD4" T-cell counts, rates
of ART initiation or HIV-1 related clinical events, or the already
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timepoint, (B) cytokine coexpression profile of F4-specific CD4™ T-cells in the F4/AS01;_3 group and the control group at week 30, and (C)
pie charts of the cytokine coexpression of F4-specific CD40L"CD4* T-cells at each timepoint in the three groups (according-to-protocol
cohort for immunogenicity). F4/AS01g_3 = participants randomized to receive 3 doses of F4/ASO1z at weeks 0, 4, and 28; F4/
ASO1p_2 =participants randomized to receive 2 doses of F4/ASO1g at weeks O and 4, and 1 dose of placebo at week 28; con-
trol = participants randomized to receive 3 doses of placebo at weeks 0, 4, and 28. The box plot: the central box shows the interquartile
range (Q1-Q3), with the thick horizontal line representing the median (Q2), and the whiskers (above and below the box), the maximum
and the minimum. The percentage of CD40L"CD4™ T-cells expressing cytokines in response to the fusion protein F4 was determined by
adding the individual frequencies of the CD40L"CD4" T-cell response to each of the 4 individual antigens. Whiskers were not added to
Figure 3B for clarity. The sizes of the pie charts represent the proportions of total CD40L™ CD4" T-cells producing at least 1 cytokine.
CD40L = CD40-ligand, IFN-y =interferon-y, IL-2 = interleukin-2, TNF-a =tumor necrosis factor-a.

8 | www.md-journal.com Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Medicine ¢ Volume 95, Number 6, February 2016

HIV Vaccination of HIV-Infected Adults

high baseline levels of F4-specific CD8" T-cell responses or
anti-F4-antibody levels in our experimental conditions. How-
ever, it induced significant polyfunctional F4-specific
CD40L*CD4™" T-cell responses in ART-naive HIV-1 infected
patients. Contrary to past observation made in ART-treated
patients after administration of an HIV-1 recombinant canar-
ypox vaccine followed by analytical treatment interruption,>
no exacerbation of virus replication was observed after F4/
ASO01g vaccination, confirming preliminary observations made
in a previous phase I study.’

The absence of enhanced viral control despite the vaccine-
induced CD4™ T-cell response may be explained by the chal-
lenging conditions imposed by viral replication in ART-naive
HIV-1 infected patients (incomplete immune response due to
the immunosuppressive effects of HIV-1, direct killing of
activated HIV-1-specific CD4" T-cell by HIV-1, and high
preexisting immune responses induced by HIV-1 infection).
Alternatively, it may be due to a selection bias, since most
participants were immunological controllers and had high base-
line F4-specific CD8™ T-cell responses and anti-F4 antibody
levels in our experimental conditions. A beneficial effect might
possibly be observed in immunodiscordant patients, who show
viral suppression during ART treatment, but fail to recover
CD4" T-cell response. Another explanation could be that CD4™"
T-cell responses on their own are not sufficient to exert an
antiviral effect, although direct antiviral effects of CD4 " T-cells
have been previously shown.''** Of note, the differences
between the F4/AS01p investigational vaccine and the placebo
in terms of F4-specific CD4™ T-cell responses could have been
overestimated in our study since the participants censored at
ART initiation might be those with the lowest vaccine-induced
immune response. Nevertheless, the significant CD4" T-cell
responses induced by this vaccine may still be valuable, and
further evaluations are needed to determine if F4/ASOlg vac-
cination could contribute to an antiviral effect, especially when
combined with other interventions. When combined with ART,
the F4/AS013 vaccine could be used as therapeutic vaccine to
restimulate the HIV-specific immune effectors as part of a
combined shock and kill strategy, a hypothesis that still remains
to be demonstrated.”® Sequential or coadministration of this
vaccine and other vaccines that induce specific CD8" T-cell
responses could induce a complementary CD4" and CD8"
T-cell response, which could deal with viral escape and inhibit
viral activity across clades.?®*’ This has been demonstrated in a
phase I trial in healthy subjects were vaccination with the F4/
ASO01g vaccine after priming or coaministered with an Adeno-
virus 35 Gag-RT-Int-Nef Vaccine resulted in strong, multi-
functional, and complementary HIV-specific immune
responses.”®

The polyfunctionality level of F4-specific CD4" T-cells
was increased following the 3rd F4/AS01y vaccine dose admin-
istration, confirming that immunological responses may be
improved by the use of a prime-boost vaccination strategy.?’
Vaccine induced F4-specific CD4' T-cells were mainly
directed against Nef and RT, and mainly produced IL-2 alone
or in combination with TNF-« and/or IFN-y.>*~7

This study showed that 2 or 3 doses of the F4/ASOlg
vaccine, administered to ART-naive HIV-1 infected adults did
not raise any safety concerns, induced polyfunctional F4-
specific CD4™ T-cell responses, but had no significant impact
on the already high baseline levels of F4-specific CD8" T-cell
responses and anti-F4-antibody levels. Vaccine-induced F4-
specific CD4" T-cell responses did not reduce HIV-1 VL,
impact CD4" T-cells count, delay ART initiation, or prevent

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

HIV-1 related clinical events. We feel that the evaluation of
strategies employing this vaccine in conjunction with other
treatments may be warranted.

Data Availability

The results summary for this study (GSK study
number 111679-NCTO01218113) is currently available on
the GSK Clinical Study Register and can be accessed at
http://www.gsk-clinicalstudyregister.com/study/111679. Upon
authorization or termination of development of this medicine,
anonymized patient-level data underlying this study will be
made available to independent researchers, subject to review by
an independent panel, at www.clinicalstudydatarequest.com.
To further protect the privacy of patients and individuals
involved in our studies, GSK does not publically disclose
subject level data.
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