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Abstract

T cell responses have been implicated in reduced risk of HIV acquisition in uninfected persons and
control of viral replication in HIV-infected individuals. HIV Gag-specific T cells have been
predominantly associated with post-infection control, whereas Env antigens are the target for
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protective antibodies; therefore inclusion of both antigens is common in HIV vaccine design. Yet,
inclusion of multiple antigens may provoke antigenic competition, reducing the potential
effectiveness of the vaccine. HYTNO084 was a randomized, multicenter, double-blind phase 1 trial
to investigate whether adding Env to a Gag/Pol vaccine decreases the magnitude or breadth of
Gag/Pol-specific T cell responses. Fifty volunteers each received one intramuscular injection of
1x1010 particle units (PU) rAd5 Gag-Pol, EnvA/B/C (3:1:1:1 mixture) or 5x10° PU rAd5 Gag-
Pol. CD4* T cell responses to Gag/Pol measured 4 weeks post vaccination by cytokine expression
were significantly higher in the group vaccinated without Env, whereas CD8" T cell responses did
not differ significantly between the two groups. Mapping of individual epitopes revealed greater
breadth of the Gag/Pol-specific T cell response in the absence of Env compared to Env co-
immunization. Addition of an Env component to a Gag/Pol vaccine led to reduced Gag/Pol CD4*
T cell response rate and magnitude as well as reduced epitope breadth, confirming the presence of
antigenic competition. Therefore, T cell based vaccine strategies should aim at choosing a
minimalist set of antigens to reduce interference of individual vaccine components with the
induction of the maximally achievable immune response.

One Sentence Summary

Antigenic competition of CD4+ T cell responses occurs in HIV vaccine recipients

Introduction

A highly effective HIV vaccine is one of the main goals in the fight against the HIV/AIDS
epidemic. Env-specific broadly neutralizing antibodies (1) or Env VV2-specific antibodies
able to effectively promote Fc receptor-mediated functions (2, 3) are highly desirable, and
most of the current vaccine concepts include an Env component to allow for their elicitation.
Nevertheless, the induction of T cell responses remains an important goal for several vaccine
candidates [reviewed in (4)], specifically those targeting Gag (5), based on numerous studies
suggesting that T cells targeting epitopes within Gag are particularly important in the host
defense against HIV-1 (6-10).

Several challenges remain for the induction of a protective cellular immune response (11), as
highlighted by the lack of efficacy of the Step Study and HVTN 505 (12-14). One of the
proposed reasons for the lack of efficacy in the Step Study was the inability of the MRKAdS5
HIV vaccine to induce T cell responses of appropriate epitope breadth to provide recognition
of potential infecting virus strains. With just one epitope targeted on average across vaccine
recipients, the vaccine likely fell short of inducing the breadth necessary to at least mediate
post-infection viral control (6). One hypothesis for why such low numbers of protective
epitopes were recognized is that the inclusion of multiple antigens (Gag, Pol and Nef in the
MRKAd5 HIV vaccine) may have prevented the generation of Gag-specific T cells targeting
multiple epitopes within this protective antigen, consistent with the phenomenon of
antigenic competition. Antigenic competition, the inhibition of an antibody response to one
antigen when co-delivered with another rather than individually (15-17), was first described
in 1904 (18), yet data on antigenic competition for T cell responses is sparse (19), mainly
focusing on competition of naive T cells for APC (20-23). Specific inhibition of Gag-
specific cellular responses induced by vaccination in the presence of increasing doses of Env
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has been shown in a non-human primate (NHP) vaccine model (24), in line with a previous
observation in mice showing epitope-specific competition (25).

In this study, we present the results from a randomized, double-blind clinical study designed
to address whether antigenic competition interferes with cellular immune responses after
adenovirus-based HIV vaccination. We hypothesized that T cell responses to Gag and Pol
would be diminished in rate, magnitude and epitope breadth when the vaccine also contained
an Env component, suggesting that antigenic competition has the potential to restrain
vaccine-induced T cell immunogenicity in candidate HIV vaccines.

Participant demographics and vaccine schedule

One hundred volunteers were enrolled in HVTN 084 (). Fifty individuals in Group 1 were

vaccinated with 5x109 particle units (PU) of the recombinant adenovirus serotype 5 (rAd5)
Gag-Pol vector plus 5x10° PU of a 1:1:1 mixture of three rAd5 Env vectors (EnvA, EnvB,

and EnvC). Fifty individuals in Group 2 were vaccinated with 5x10° PU of the rAd5 Gag-

Pol vector. Enrollment and follow-up are described in Fig. 1.

The dose of Gag-Pol was identical in both groups. Participants enrolled between March
2011 and December 2012. Both groups were comparable regarding sex, race, and age
distribution (Table 1), and all recipients had Ad5 neutralizing antibody titers <18.

As shown in previously published studies using VRC rAd5 vaccines, no safety concerns
were identified (14, 26, 27)].

Gag/Pol-specific CD4" T cell responses are reduced after co-immunization with Env

The primary objective for HVTN 084 was to determine whether the magnitude and breadth
of Gag- and/or Pol-specific T cell responses were higher in participants vaccinated in the
absence of Env (Group 2) compared to those who were co-immunized with Env (Group 1).
We assessed response rates and magnitudes of Gag/Pol-specific CD4* and CD8* T cells
using intracellular cytokine staining (ICS) by flow cytometry. In the absence of Env, 85.7%
of Group 2 participants showed positive CD4* T cell responses to Gag/Pol, whereas only
66.7% showed detectable responses in Group 1 co-immunized with Env (Fig. 2A). Positive
responses were also of higher magnitude (median = 0.41% vs. 0.24% CD4* T cells
expressing IFN-y and/or IL-2) in the absence of Env (p = 0.0005, Lachenbruch test). The
difference in the overall Gag/Pol-specific CD4* T cell responses was driven both by
responses to Gag (Fig. S2A, p = 0.0009) and Pol (Fig. S2B, p = 0.0001).

In the absence of Env, response rates (89.9% vs. 87.8%) and magnitudes (median 0.54% vs
0.44% CD8* T cells expressing IFN-y and/or 1L-2) were not significantly higher for Gag/
Pol-specific CD8* T cells (p = 0.4, Fig. 2B). Positive Gag-specific CD8* T cell responses
were of significantly higher magnitude in the group not receiving Env (p = 0.02, Wilcoxon
rank sum test, Fig. S2C).
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At the time the clinical protocol was written, IFN-y ELISpot was chosen as the primary
endpoint to determine whether there was a difference between both treatment groups; as
shown in Fig. S3, this assay was not able to differentiate between co-immunization with and
without Env.

Increased functionality of Gag/Pol-specific CD4* T cell responses induced in the absence
of Env

The functional profile of vaccine-induced T cells is of major interest considering that
polyfunctional T cells (7.e., those expressing multiple cytokines simultaneously) have been
associated with reduced risk of HIV infection in two proof-of-concept HIV vaccine trials
(28, 29). Polyfunctionality in those studies was assessed by a Bayesian hierarchical
framework that models all observed cell subsets and selects those most likely to have
antigen-specific responses (28). We used this combinatorial polyfunctionality analysis of
antigen-specific T cell subsets (COMPASS) to compare the functional profiles of Gag— and
Pol-specific CD4* and CD8* T cell responses in participants co-immunized with Env or
receiving Gag and Pol alone. We assessed expression of IL-2, IFN-y, TNF-a, CD40L, IL-4,
and Granzyme B (GzB) to provide a comprehensive analysis of Ty, Thp, B-cell help, and
cytotoxic profiles.

The functional profiles for CD4* T cells induced by rAd5 vaccination were dominated by
highly functional cells (expression of three or more functional markers), with a marked
absence of CD4* T cells expressing only a single marker (Fig.3A and B). Contrary to that
pattern, monofunctional IFN-y and TNF-a-expressing CD8* T cells were readily detected,
whereas dual and triple functional CD8* T cells predominated overall (Fig. 3C and D).
Inclusion of Env in the vaccine led to reduced percentages of 6-functional Gag- and Pol-
specific CD4* T cells (Fig. 3A and B), and reduced co-expression of IFN-y/TNF-a/GzB for
Gag-specific CD8* T cells (p = 0.04, Fig. 3C).

In line with these observed increases in highly functional subsets, summary functionality
scores (defined as the proportion of Ag-specific subsets detected among all possible
functional subsets) were significantly higher in the group not receiving Env for CD4* T cells
(p < 0.05, Fig. 4 A and B) overall and for Gag-specific CD8* T cells (p = 0.07, Fig. 4C).

Co-immunization with Env leads to reduced breadth of Gag/Pol-specific T cells

We performed detailed epitope mapping (i.e., we determined responses to individual 15-mer
peptides) to determine the breadth of the response since targeting of multiple HIV epitopes
is relevant for vaccine protection (6). Breadth was defined as described in the Materials and
Methods. Fig. 5 shows the distribution of epitopes within Gag and Pol for participants who
were immunized in the presence or absence of Env. There are clear hotspots of recognition
as previously described for other studies (30), with no major differences between groups in
the distribution of epitopes. Fig. S4 lists the HLA types and epitopes targeted for each
individual.

Fig. 6 shows the number of epitopes targeted in Gag/Pol in participants vaccinated in the
presence or absence of Env. Although the main distribution of responses is similar between
both groups, exceptional breadth of 12 or more epitopes (7/50, 14%) was only seen in the
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group that did not receive Env co-immunization, leading to a significantly higher mean
breadth in Group 2 [p = 0.037, mean 4.5 epitopes in Group 2 vs. 2.9 epitopes in Group 1,
breadth ratio = 1.56, 95% CI 1.03-2.36, Poisson regression with sandwich (Eicker-Huber-
White) standard errors]. This effect is also demonstrated in the Reverse Cumulative
Distribution Curve (RCDF) plot in Fig. 6B, in which the two groups are overlapping for the
low responders and then separate above 4 targeted epitopes. This effect was mainly driven
by epitopes in Pol (Fig. S5).

Discussion

Since the failure of two Ad5-vectored T cell based vaccine to provide protection in the Step
and HVTN 505 vaccine trials (12-14), focus in the HIV vaccine field has shifted back to
antibody-inducing strategies. Yet because the Step and HVTN 505 vaccines generated T cell
responses of narrow breadth, these trials did not test whether induction of much broader T
cell responses could confer protection, an untested possibility that remains important.
Moreover, T cell based concepts are receiving increased attention based on promising NHP
challenge data showing consistent protection in ~50% of non-human primates after
vaccination with a cytomegalovirus (CMV)-vectored vaccine (31, 32), as well as protection
in monkeys by an Ad26/protein combination vaccine for which T cell responses were
identified as one of the correlates of risk of infection (33).

HVTN 084 was designed to test the hypothesis that antigenic competition — a phenomenon
known since the early 20t century, though predominantly described for antibody responses
(15-17) — would lead to reduced T cell responses to one antigen if a participant was co-
immunized with a second antigen. We here confirmed that in the presence of Env, CD4" T
cell responses to Gag and Pol were observed in fewer participants and were of lower
magnitude than in the absence of Env, suggesting that antigenic competition does indeed
occur for T cell responses. One possible explanation suggested previously is the competition
of naive antigen-specific T cells for access to cognate peptide/MHC complexes as well as
costimulatory signals for activation and expansion (20, 22, 34), which could be overcome by
increasing the number of APCs available during the priming stage (23). Although more
commonly observed for T cells of the same specificity, this type of competition has been
described for T cells targeting different antigens, as long as the antigens are presented by the
same APC (21). It is therefore unlikely that this mechanism is at play in our study since the
antigens are delivered by separate vectors which are probably delivered to different APCs.
Alternatively, the differential effect of co-immunization with Env on T cell subsets, with
highly substantial antigenic competition for CD4* T cells but no considerable consequence
for CD8* T cells, suggests the possibility that binding of HIV Env to its primary receptor
CD4 may be at least in part responsible for the observed outcome. Binding of gp120 to CD4
has been described to induce profound changes in CD4* T cell signaling that are implicated
in the pathogenesis of HIV infection (35). Signal transduction events induced as a result of
interaction of gp120 with the CD4 molecule include upregulation of the immunosuppressive
cytokine TGF-B (35), which could have deleterious effects on the nascent vaccine-induced
CD4* T cell response. This mechanism is different from that described in a mouse vaccine
study, in which the effect was epitope-specific and observed for Gag-specific CD8* T cells
rather than CD4* T cells, in line with the inability of HIV Env to bind to mouse CD4 (25).
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The absence of antigenic competition measured using IFN-y ELISpot is likely due to the
preferred detection of the dominant CD8* T cell responses using this assay as well as
limiting the readout to a single cytokine (36), for which the difference between groups is
much more muted (Fig. 2B).

Gag/Pol-specific CD4* and CD8* T cell responses showed reduced functionality in
participants co-immunized with an Env vaccine, and the epitope breadth of responses to
Gag/Pol was lower in that group than in those who did not receive the Env-containing
vaccine regimen. Reduced breadth of vaccine-specific T cells has also been observed
following immunization with a nanoparticle neoantigen cancer vaccine when multiple
antigens were given in the same injection site compared to separation of antigens across
multiple sites (19).

Overall, co-immunization with Env in HVTN 084 led to a substantial reduction in cellular
immune responses associated with partial protection in the Step and HVTN 505 trials (6,
29), suggesting that in the absence of antigenic competition, cellular vaccines may provide
efficacy not seen in clinical trials to date.

Vector selection for HIV vaccines has experienced far greater priority than insert design to
determine the most promising antigens included in those vectors. Protein vaccines have
mainly focused on Env, driven by the propensity of this strategy to mainly induce antibody
and CD4* T cell responses (37), but recombinant viral vectors (including poxviruses,
adenoviruses, and CMV) frequently aim at including as many inserts as possible. While
inclusion of multiple antigens may lead to greater overall epitope breadth when aggregating
over all inserts, it may come at the cost of targeting regions that are less frequently
associated with virus control (7), rather than those most likely to confer benefit (6-10).
Identifying a parsimonious set of antigens that induces potentially protective antibody as
well as T cell responses is of utmost importance for vaccine design.

There are a number of limitations in our study: therefore, the generalizability of our findings
will require confirmation in follow up studies using different vaccine strategies (such as
poxvirus vectors) and different combinations of inserts. HIV Env has been shown to
suppress CD4* T cell activation, likely due to its binding to the CD4 molecule (38); thus the
observed effect may be limited to vaccines including Env inserts. In addition, we only
present T-cell response data at peak immunogenicity 4 weeks after immunization, and have
not confirmed the longevity of the observed effect since the study only included a single
large blood draw to allow for epitope mapping. Lastly, vaccination with Ad vectors leads to
induction of Ad-specific T-cell responses (39), opening the possibility that the observed
antigenic competition is driven by the higher dose of the Ad5 vector in Group 1 including
Env rather than by the insert itself. Our data from a previously published phase 1 study,
HVTN 054 (26), makes this interpretation of our data unlikely since in that study, a 10fold
increased dose of the Ad5 vector (101! PU) did not deleteriously affect immune responses,
and the lower vector dose in HVTN 084 was chosen based on the increased reactogenicity
observed with the higher dose. Nevertheless, our results can directly inform vaccine design.
Because Env is the only antigen on HIV available for neutralization of the virus by
antibodies, its inclusion in prophylactic vaccine regimens seems imperative, but strategies
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can be considered to separate vaccination of Env from other antigens (specifically Gag) in
time and/or space to avoid unwarranted interaction of the vaccine components. In addition,
strategies for therapeutic immunization may fare better if Env is excluded from those
vaccines.

Taken together, our data obtained in HVTN 084 are consistent with antigenic competition
between different HIV vaccine components for the induction of CD4* T cell responses, and
have direct implications for vaccine design aiming at the induction of protective T cells.

Materials and Methods

Study design

Participants

HVTN 084 was a randomized, double-blind phase 1b trial, designed to examine the
influence of antigenic competition on the immunogenicity of HIV-1 Gag/Pol vaccine either
administered alone or in combination with rAd5 Env A/B/C (Clinical Trials.gov identifier: ).
The study enrolled 100 participants between March 2011 and March 2012 in eight sites in
the United States [Brigham and Women’s Hospital, Boston, MA; Columbia University and
New York Blood Center (Bronx and Union Square), New York, NY1, Brazil (S&o Paulo, SP),
Peru (Lima and lquitos), and Switzerland (Lausanne). The protocol was approved by the
ethics review committee of every site, and the study was undertaken in conformance with
applicable local and country requirements.

This study enrolled 18-50 year-old HIV-uninfected, adenovirus serotype 5 (Ad5)
seronegative (neutralizing antibody titer <18) female and circumcised male volunteers in
good health. Volunteers were required to have a history of low risk for HIV infection in
order to participate in the study. Participants underwent a thorough written informed consent
process.

Vaccine Products

The primary vaccine product used in this study is VRC-HIVADV014-00-VP, composed of a
mixture of adenovirus serotype 5 vectors each expressing 1 of the 4 HIV antigens gp140(A),
gp140(B)dv12, gp140(C) and Gag-Pol(B). The comparison group used only 1 component of
this combination product, consisting of the Gag-Pol(B) antigen expressed by the same rAd5
vector (VRC-HIVADV054-00-VP). All vaccines were delivered intramuscularly (IM).

Randomization and masking

One hundred volunteers were randomized to receive one dose containing 1x101° PU rAd5
Gag-Pol, EnvA/B/C (3:1:1:1 mixture) (Group 1) or 5x10° PU rAd5 Gag-Pol (Group 2), at a
1:1 randomization ratio. The randomization sequence was obtained by computer-generated
random numbers and provided to each HVTN Clinical Research Site (CRS) through the
Statistical and Data Management Center’s (SDMC) web-based randomization system. The
randomization was done in blocks to ensure balance across groups. Participants and site staff
(except for site pharmacists) were blinded as to participant treatment group. Study product
assignments were accessible to those HVTN CRS pharmacists, DAIDS protocol pharmacists
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and contract monitors, and SDMC staff who were required to know this information in order
to ensure proper trial conduct.

Procedures

The vaccines were delivered via 1 mL IM injection in the deltoid and peripheral blood
mononuclear cell (PBMC) samples were obtained at baseline and after one month to assess
HIV-specific T cell immune responses.

IFN-y ELISpot assay

Ex vivo HIV-specific T cell responses were assessed with a validated MabTech/Millipore
IFN-y ELISpot assay using cryopreserved PBMC stimulated overnight with synthetic
peptides. HIV-1 peptides representing the HIV inserts, clade B Gag and Pol as well as clade
A, B, and C Env were used for this study. Peptides were validated prior to use in these
assays. The following wells were tested for each specimen: 6 negative control wells without
antigen, 3 positive control wells containing phytohemagglutinin (PHA) and 3 experimental
wells containing each peptide pool or individual peptide (for epitope mapping). The assay
was run with 100,000 PBMC per well with 2ug/ml of each peptide; results were reported as
the average number of spot forming cells (SFC) per million PBMC in the experimental wells
minus the average SFC/million PBMC in the negative control wells. Results deemed
unreliable by the lab were excluded from statistical analysis.

Previously cryopreserved PBMC were first stimulated with master-pools of 122 to 159
individual 15-mer peptides encompassing each protein (Gag: 122 peptides, Pol-1: 124
peptides, Pol-2: 122 peptides, EnvA: 152 peptides, EnvB: 158 peptides, EnvC: 149
peptides), and 12 mini-pools per Gag and Pol master-pool with 10 to 14 15-mers each. For
pools eliciting positive responses, additional PBMCs were tested with each 15mer contained
within the pool.

Intracellular cytokine staining (ICS)

A validated intracellular cytokine staining (ICS) assay (40) was performed on cryopreserved
PBMC by flow cytometry to examine HIV-1-specific vaccine-induced CD4* and CD8* T
cell responses one month after vaccination. Cytokine production was assessed after
stimulation with 15-mer peptides representing the HIV inserts, clade B Gag and Pol, at 1
ug/ml as previously described (40, 41). Briefly, the six-hour stimulation included brefeldin
A (10 pg/ml; Sigma-Aldrich) and anti-CD28/anti-CD49d (each at 1 pg/ml; BD Biosciences).
PHA (Remel) was used as a positive control, and peptide diluent (DMSQO at a final
concentration of 1%) was used as a negative control. Cells were stained with Aqua Live/
Dead Fixable Dead Cell Stain (Invitrogen), then fixed, permeabilized, and stained
intracellularly with fluorescently labeled antibodies to CD14 (exclusion marker), CD3, CD4,
CD8, IFN-vy, IL-2, IL-4, TNF-a, CD40L, and granzyme B (41). Data were acquired on an
LSRII and analyzed using FlowJo. A gating tree is presented in Fig. S6. Data was filtered if
background responses (DMSO control) were >0.1% cytokine secretion, or if <5,000 events
were acquired within the CD4* or CD8" T cell subpopulations. Data are reported as the
percentage of T cells secreting IFN-y and/or IL-2 in the antigen-stimulated sample minus
the percentage of T cells secreting IFN-y and/or IL-2 in the DMSO control. Data are
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available for 98 participants (49 from each group); data for CD4" T cells for one participant
in each group were filtered for high background.

Statistical analyses

IFN-y ELISpot—The Mixture Models for Single-Cell Assays (MIMOSA) method (42)
was used to determine a positive response to a pool or 15-mer peptide. The MIMOSA test
compares cell counts between antigen-stimulated and unstimulated samples from a
participant to identify significant differences. Cell counts are modeled by a binomial
distribution and information is shared across participants by means of a prior distribution
placed on the unknown proportion of the binomial likelihood. For peptide pools, aggregate
responses (to Gag/Pol or to any protein) are considered positive if responses to any of the
individual peptide pools are positive. The aggregate response magnitude is the sum of
response magnitude to each individual peptide pool with the exception of the aggregate
response to Env (any Env), which is defined as the maximum response of EnvA, EnvB, and
EnvC due to the overlapping nature of those sequences.

After obtaining response calls via MIMOSA, the number of reactive epitopes was assessed.
In general, each positive response was counted as one epitope. However, if two 15-mers with
a positive call for a given participant overlapped by at least eight amino acids, this was
counted as one epitope. Participants without 15-mer data were those without positive
responses at the mini-pool level and were thus considered to have zero epitopes.

For comparisons between treatment groups, Poisson regression with sandwich (Eicker-
Huber-White) standard errors was used to compare the mean number of epitopes per
participant for Gag and Pol combined and separately. As a secondary analysis, the Wilcoxon
rank-sum test was used to test the null hypothesis of equal distributions of breadth by
treatment group. Statistical significance was declared if two-sided p-values were < 0.05.

Reverse cumulative distribution function (RCDF) curves were used to display the
distribution of the number of epitopes (breadth) by treatment group. Each point on the
RCDF curve displays the proportion of participants with breadth >x for a given breadth x
noted on the x-axis.

Intracellular cytokine staining (ICS)—One-sided Fisher’s exact tests were used to
define the positivity of ICS assay responses to a specific peptide pool. A response was
defined as positive if the proportion of CD4* or CD8* T cells secreting IFN-y or IL-2 from
the stimulated well was significantly greater than that for the negative control well. A
multiplicity adjustment across the antigens was made using the Holm-Bonferroni method.
An adjusted p-value <107 was deemed significant (40). A permutation-based
Lachenbruch’s Binomial + Wilcoxon test (43) using 10,000 random permutations was used
to test the composite null hypothesis of equal response rates and equal distributions among
positive responders. For these calculations and for graphing, magnitudes less than 0.025%
were set to 0.025%. Responses to Gag/Pol were considered positive if the response to at
least one of the individual pools was positive; the aggregate magnitude is the sum of the
magnitudes of the individual pools.
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T cell functionality analyses—COMPASS was used to analyze polyfunctionality of ICS
responses. COMPASS is a computational framework for unbiased polyfunctionality analysis
of antigen-specific T cell subsets (28). COMPASS uses a Bayesian hierarchical framework
to model all observed functional cell subsets and select those most likely to exhibit antigen-
specific responses. Cell subset responses are quantified by posterior probabilities, while
participant-level responses are quantified by two summary statistics (*scores”) that can be
correlated directly with outcomes of interest, and describe the quality of an individual’s
(poly)functional response. The functionality score is defined as the proportion of Ag-specific
subsets detected among all possible ones. The polyfunctionality score is similar, but it
weighs the different subsets by their degree of functionality, favoring subsets with higher
degrees of functions, motivated by the observation that higher degree function has been
correlated with good outcomes in certain vaccine studies. For this analysis, expression of
IFN-7, IL-2, TNF-a, IL-4, CD40L and GzB were included. Functionality scores were
compared between groups using Wilcoxon rank sum test statistics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank the HVTN 084 study volunteers; the staff and community members at each of the study sites; the staff at
the HVTN Administrative Core and SCHARP Statistical Center. We thank Steve Self for his statistical leadership in
the design of this study and Hasan Ahmed for his statistical analysis support. We thank Stephen De Rosa and
Kristen Cohen for technical expertise and oversight; Terri Stewart, Kevin Hawkins, Aaron Seese and Paul Newling
for technical assistance, Carol Marty for data management and Michael Stirewalt for quality assurance oversight.

Funding: This work was supported by the National Institute of Allergy and Infectious Diseases (NIAID) U.S.
Public Health Service Grants UM1 Al068614 [LOC: HIV Vaccine Trials Network], UM1 Al068635 [SDMC: HIV
Vaccine Trials Network], UM1 Al068618 [LC: HIV Vaccine Trials Network], UM1 Al069481 [Seattle-Lausanne-
Kampala Clinical Trials Unit: Centre Hospitalier Universitaire Vaudois Clinical Research Site], UM1 Al069412
[Harvard/Boston/Providence Clinical Trials Unit: Brigham and Women’s Hospital Clinical Research Site], UM1
A1069438 [IMPACTA Peru Clinical Trials Unit: Asociacion Civil Impacta Salud y Educacion (IMPACTA) and
Asociacion Civil Selva Amazonica (ACSA) Clinical Research Sites], UM1 A1069420 [S&o Paulo Clinical Trials
Unit: Centro de Referéncia e Treinamento DST/AIDS Clinical Research Site], UM1 Al069470 [Columbia
Partnership for Prevention and Control of HIV/AIDS Clinical Trials Unit: College of Physicians & Surgeons and
New York Blood Center Clinical Research Sites], and P51 OD011132. The opinions expressed in this article are
those of the authors and do not necessarily represent the official views of the NIAID or the National Institutes of
Health (NIH).

References and Notes

1. Kwong PD, Mascola JR, Nabel GJ, Broadly neutralizing antibodies and the search for an HIV-1
vaccine: the end of the beginning. Nat Rev Immunol 13, 693-701 (2013). [PubMed: 23969737]

2. Yates NL, Liao HX, Fong Y, deCamp A, Vandergrift NA, Williams WT, Alam SM, Ferrari G, Yang
ZY, Seaton KE, Berman PW, Alpert MD, Evans DT, O’Connell RJ, Francis D, Sinangil F, Lee C,
Nitayaphan S, Rerks-Ngarm S, Kaewkungwal J, Pitisuttithum P, Tartaglia J, Pinter A, Zolla-Pazner
S, Gilbert PB, Nabel GJ, Michael NL, Kim JH, Montefiori DC, Haynes BF, Tomaras GD, Vaccine-
induced Env VV1-V2 IgG3 correlates with lower HIV-1 infection risk and declines soon after
vaccination. Science translational medicine 6, 228ra239 (2014).

3. Chung AW, Ghebremichael M, Robinson H, Brown E, Choi I, Lane S, Dugast AS, Schoen MK,
Rolland M, Suscovich TJ, Mahan AE, Liao L, Streeck H, Andrews C, Rerks-Ngarm S, Nitayaphan
S, de Souza MS, Kaewkungwal J, Pitisuttithum P, Francis D, Michael NL, Kim JH, Bailey-Kellogg

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kallas et al.

Page 11

C, Ackerman ME, Alter G, Polyfunctional Fc-effector profiles mediated by 1gG subclass selection
distinguish RV144 and VAX003 vaccines. Science translational medicine 6, 228ra238 (2014).

. Mothe B, Brander C, HIV T-Cell Vaccines. Adv Exp Med Biol 1075, 31-51 (2018). [PubMed:

30030788]

. Williamson AL, Rybicki EP, Justification for the inclusion of Gag in HIV vaccine candidates. Expert

Rev Vaccines 15, 585-598 (2016). [PubMed: 26645951]

. Janes H, Friedrich DP, Krambrink A, Smith RJ, Kallas EG, Horton H, Casimiro DR, Carrington M,

Geraghty DE, Gilbert PB, McElrath MJ, Frahm N, Vaccine-induced gag-specific T cells are
associated with reduced viremia after HIV-1 infection. The Journal of infectious diseases 208,
1231-1239 (2013). [PubMed: 23878319]

. Kiepiela P, Ngumbela K, Thobakgale C, Ramduth D, Honeyborne I, Moodley E, Reddy S, de

Pierres C, Mncube Z, Mkhwanazi N, Bishop K, van der Stok M, Nair K, Khan N, Crawford H,
Payne R, Leslie A, Prado J, Prendergast A, Frater J, McCarthy N, Brander C, Learn GH, Nickle D,
Rousseau C, Coovadia H, Mullins JI, Heckerman D, Walker BD, Goulder P, CD8+ T-cell responses
to different HIV proteins have discordant associations with viral load. Nat Med 13, 46-53 (2007).
[PubMed: 17173051]

. Masemola A, Mashishi T, Khoury G, Mohube P, Mokgotho P, Vardas E, Colvin M, Zijenah L,

Katzenstein D, Musonda R, Allen S, Kumwenda N, Taha T, Gray G, Mclntyre J, Karim SA,
Sheppard HW, Gray CM, Team HS, Hierarchical targeting of subtype C human immunodeficiency
virus type 1 proteins by CD8+ T cells: correlation with viral load. J Virol 78, 3233-3243 (2004).
[PubMed: 15016844]

. Radebe M, Gounder K, Mokgoro M, Ndhlovu ZM, Mncube Z, Mkhize L, van der Stok M,

Jaggernath M, Walker BD, Ndung’u T, Broad and persistent Gag-specific CD8+ T-cell responses
are associated with viral control but rarely drive viral escape during primary HIV-1 infection. AIDS
29, 23-33 (2015). [PubMed: 25387316]

10. Papasavvas E, Foulkes A, Yin X, Joseph J, Ross B, Azzoni L, Kostman JR, Mounzer K, Shull J,

Montaner LJ, Plasmacytoid dendritic cell and functional HIV Gag p55-specific T cells before
treatment interruption can inform set-point plasma HIV viral load after treatment interruption in
chronically suppressed HIV-1(+) patients. Immunology 145, 380-390 (2015). [PubMed:
25684333]

11. Watkins DI, Burton DR, Kallas EG, Moore JP, Koff WC, Nonhuman primate models and the

failure of the Merck HIV-1 vaccine in humans. Nat Med 14, 617-621 (2008). [PubMed:
18535579]

12. Buchbinder SP, Mehrotra DV, Duerr A, Fitzgerald DW, Mogg R, Li D, Gilbert PB, Lama JR,

Marmor M, Del Rio C, McElrath MJ, Casimiro DR, Gottesdiener KM, Chodakewitz JA, Corey L,
Robertson MN, Efficacy assessment of a cell-mediated immunity HIV-1 vaccine (the Step Study):
a double-blind, randomised, placebo-controlled, test-of-concept trial. Lancet, (2008).

13. McElrath MJ, De Rosa SC, Moodie Z, Dubey S, Kierstead L, Janes H, Defawe OD, Carter DK,

Hural J, Akondy R, Buchbinder SP, Robertson MN, Mehrotra DV, Self SG, Corey L, Shiver JW,
Casimiro DR, HIV-1 vaccine-induced immunity in the test-of-concept Step Study: a case-cohort
analysis. Lancet, (2008).

14. Hammer SM, Sobieszczyk ME, Janes H, Karuna ST, Mulligan MJ, Grove D, Koblin BA,

Buchbinder SP, Keefer MC, Tomaras GD, Frahm N, Hural J, Anude C, Graham BS, Enama ME,
Adams E, Delesus E, Novak RM, Frank I, Bentley C, Ramirez S, Fu R, Koup RA, Mascola JR,
Nabel GJ, Montefiori DC, Kublin J, McElrath MJ, Corey L, Gilbert PB, Team HS, Efficacy trial of
a DNA/rAd5 HIV-1 preventive vaccine. The New England journal of medicine 369, 2083-2092
(2013). [PubMed: 24099601]

15. Schechter I, Competition of antigenic determinants. Biochim Biophys Acta 104, 303-305 (1965).

[PubMed: 5840413]

16. Weigle WO, High GJ, The effect of antigenic competition on antibody production to heterologous

proteins, termination of immunologic unresponsiveness and induction of autoimmunity. J Immunol
99, 392-398 (1967). [PubMed: 4166248]

17. Radovich J, Talmage DW, Antigenic competition: cellular or humoral. Science 158, 512-514

(1967). [PubMed: 6048110]

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kallas et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 12

Taussig MJ, Antigenic competition. Curr Top Microbiol Immunol 60, 125-174 (1973). [PubMed:
4577505]

Blobel NJ, Ramirez-Valdez A, Ishizuka AS, Lynn GM, Seder RA, Antigenic competition affects
the magnitude and breadth of CD8 T cell immunity following immunization with a nanoparticle
neoantigen cancer vaccine. Journal of Immunology 198, Supplement 7320 (2017).

Smith AL, Wikstrom ME, Fazekas B de St Groth, Visualizing T cell competition for peptide/MHC
complexes: a specific mechanism to minimize the effect of precursor frequency. Immunity 13,
783-794 (2000). [PubMed: 11163194]

Kedl RM, Kappler JW, Marrack P, Epitope dominance, competition and T cell affinity maturation.
Curr Opin Immunol 15, 120-127 (2003). [PubMed: 12495743]

Kedl RM, Rees WA, Hildeman DA, Schaefer B, Mitchell T, Kappler J, Marrack P, T cells compete
for access to antigen-bearing antigen-presenting cells. J Exp Med 192, 1105-1113 (2000).
[PubMed: 11034600]

Grufman P, Wolpert EZ, Sandberg JK, Karre K, T cell competition for the antigen-presenting cell
as a model for immunodominance in the cytotoxic T lymphocyte response against minor
histocompatibility antigens. Eur J Immunol 29, 2197-2204 (1999). [PubMed: 10427982]

Valentin A, Li J, Rosati M, Kulkarni V, Patel V, Jalah R, Alicea C, Reed S, Sardesai N, Berkower I,
Pavlakis GN, Felber BK, Dose-dependent inhibition of Gag cellular immunity by Env in SIV/HIV
DNA vaccinated macaques. Hum Vaccin Immunother 11, 2005-2011 (2015). [PubMed:
26125521]

Bockl K, Wild J, Bredl S, Kindsmuller K, Kostler J, Wagner R, Altering an artificial Gagpolnef
polyprotein and mode of ENV co-administration affects the immunogenicity of a clade C HIV
DNA vaccine. PLoS One 7, 34723 (2012). [PubMed: 22509350]

Peiperl L, Morgan C, Moodie Z, Li H, Russell N, Graham BS, Tomaras GD, De Rosa SC,
McElrath MJ, Safety and immunogenicity of a replication-defective adenovirus type 5 HIV
vaccine in Ad5-seronegative persons: a randomized clinical trial (HVTN 054). PLoS One 5,
€13579 (2010). [PubMed: 21048953]

Churchyard GJ, Morgan C, Adams E, Hural J, Graham BS, Moodie Z, Grove D, Gray G, Bekker
LG, McElrath MJ, Tomaras GD, Goepfert P, Kalams S, Baden LR, Lally M, Dolin R, Blattner W,
Kalichman A, Figueroa JP, Pape J, Schechter M, Defawe O, De Rosa SC, Montefiori DC, Nabel
GJ, Corey L, Keefer MC, Network NHVT, A phase I1A randomized clinical trial of a multiclade
HIV-1 DNA prime followed by a multiclade rAd5 HIV-1 vaccine boost in healthy adults
(HVTN204). PLoS One 6, 21225 (2011). [PubMed: 21857901]

Lin L, Finak G, Ushey K, Seshadri C, Hawn TR, Frahm N, Scriba TJ, Mahomed H, Hanekom W,
Bart PA, Pantaleo G, Tomaras GD, Rerks-Ngarm S, Kaewkungwal J, Nitayaphan S, Pitisuttithum
P, Michael NL, Kim JH, Robb ML, O’Connell RJ, Karasavvas N, Gilbert P, C. D.R. S, M. J.
McElrath, R. Gottardo, COMPASS identifies T-cell subsets correlated with clinical outcomes. Nat
Biotechnol 33, 610-616 (2015). [PubMed: 26006008]

Janes HE, Cohen KW, Frahm N, De Rosa SC, Sanchez B, Hural J, Magaret CA, Karuna S, Bentley
C, Gottardo R, Finak G, Grove D, Shen M, Graham BS, Koup RA, Mulligan MJ, Koblin B,
Buchbinder SP, Keefer MC, Adams E, Anude C, Corey L, Sobieszczyk M, Hammer SM, Gilbert
PB, McElrath MJ, Higher T-Cell Responses Induced by DNA/rAd5 HIV-1 Preventive Vaccine Are
Associated With Lower HIV-1 Infection Risk in an Efficacy Trial. The Journal of infectious
diseases 215, 1376-1385 (2017). [PubMed: 28199679]

Hertz T, Ahmed H, Friedrich DP, Casimiro DR, Self SG, Corey L, McElrath MJ, Buchbinder S,
Horton H, Frahm N, Robertson MN, Graham BS, Gilbert P, HIV-1 vaccine-induced T-cell
responses cluster in epitope hotspots that differ from those induced in natural infection with
HIV-1. PLoS pathogens 9, €1003404 (2013). [PubMed: 23818843]

Hansen SG, Ford JC, Lewis MS, Ventura AB, Hughes CM, Coyne-Johnson L, Whizin N, Oswald
K, Shoemaker R, Swanson T, Legasse AW, Chiuchiolo MJ, Parks CL, Axthelm MK, Nelson JA,
Jarvis MA, Piatak M Jr., Lifson JD, Picker LJ, Profound early control of highly pathogenic SIV by
an effector memory T-cell vaccine. Nature 473, 523-527 (2011). [PubMed: 21562493]

Hansen SG, Piatak M Jr., Ventura AB, Hughes CM, Gilbride RM, Ford JC, Oswald K, Shoemaker
R, Li Y, Lewis MS, Gilliam AN, Xu G, Whizin N, Burwitz BJ, Planer SL, Turner JM, Legasse
AW, Axthelm MK, Nelson JA, Fruh K, Sacha JB, Estes JD, Keele BF, Edlefsen PT, Lifson JD,

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kallas et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 13

Picker LJ, Immune clearance of highly pathogenic SIV infection. Nature 502, 100-104 (2013).
[PubMed: 24025770]

Barouch DH, Tomaka FL, Wegmann F, Stieh DJ, Alter G, Robb ML, Michael NL, Peter L, Nkolola
JP, Borducchi EN, Chandrashekar A, Jetton D, Stephenson KE, Li W, Korber B, Tomaras GD,
Montefiori DC, Gray G, Frahm N, McElrath MJ, Baden L, Johnson J, Hutter J, Swann E, Karita E,
Kibuuka H, Mpendo J, Garrett N, Mngadi K, Chinyenze K, Priddy F, Lazarus E, Laher F,
Nitayapan S, Pitisuttithum P, Bart S, Campbell T, Feldman R, Lucksinger G, Borremans C,
Callewaert K, Roten R, Sadoff J, Scheppler L, Weijtens M, Feddes-de Boer K, van Manen D,
Vreugdenhil J, Zahn R, Lavreys L, Nijs S, Tolboom J, Hendriks J, Euler Z, Pau MG, Schuitemaker
H, Evaluation of a mosaic HIV-1 vaccine in a multicentre, randomised, double-blind, placebo-
controlled, phase 1/2a clinical trial (APPROACH) and in rhesus monkeys (NHP 13-19). Lancet
392, 232-243 (2018). [PubMed: 30047376]

Hayball JD, Robinson BW, Lake RA, CD4+ T cells cross-compete for MHC class Il-restricted
peptide antigen complexes on the surface of antigen presenting cells. Immunol Cell Biol 82, 103-
111 (2004). [PubMed: 15061760]

Chirmule N, Pahwa S, Envelope glycoproteins of human immunodeficiency virus type 1: profound
influences on immune functions. Microbiol Rev 60, 386—406 (1996). [PubMed: 8801439]

Addo MM, Yu XG, Rathod A, Cohen D, Eldridge RL, Strick D, Johnston MN, Corcoran C, Wurcel
AG, Fitzpatrick CA, Feeney ME, Rodriguez WR, Basgoz N, Draenert R, Stone DR, Brander C,
Goulder PJR, Rosenberg ES, Altfeld M, Walker BD, Comprehensive epitope analysis of HIV-1-
specific T cell responses directed against the entire expressed HIV-1 genome demonstrate broadly
directed responses, but no correlation to viral load. J. Virol. 77, 2081-2092 (2003). [PubMed:
12525643]

Spearman P, Lally MA, Elizaga M, Montefiori D, Tomaras GD, McElrath MJ, Hural J, De Rosa
SC, Sato A, Huang Y, Frey SE, Sato P, Donnelly J, Barnett S, Corey LJ, H. I. V. V. T. N. 0. NIAID,
A trimeric, V2-deleted HIV-1 envelope glycoprotein vaccine elicits potent neutralizing antibodies
but limited breadth of neutralization in human volunteers. The Journal of infectious diseases 203,
1165-1173 (2011). [PubMed: 21451004]

Hu H, Fernando K, Ni H, Weissman D, HIV envelope suppresses CD4+ T cell activation
independent of T regulatory cells. J Immunol 180, 5593-5600 (2008). [PubMed: 18390744]

Frahm N, DeCamp AC, Friedrich DP, Carter DK, Defawe OD, Kublin JG, Casimiro DR, Duerr A,
Robertson MN, Buchbinder SP, Huang Y, Spies GA, De Rosa SC, McElrath MJ, Human
adenovirus-specific T cells modulate HIV-specific T cell responses to an Ad5-vectored HIV-1
vaccine. The Journal of clinical investigation 122, 359-367 (2012). [PubMed: 22201684]

Horton H, Thomas EP, Stucky JA, Frank I, Moodie Z, Huang Y, Chiu YL, McElrath MJ, De Rosa
SC, Optimization and validation of an 8-color intracellular cytokine staining (ICS) assay to
quantify antigen-specific T cells induced by vaccination. J Immunol Methods 323, 39-54 (2007).
[PubMed: 17451739]

De Rosa SC, Carter DK, McElrath MJ, OMIP-014: validated multifunctional characterization of
antigen-specific human T cells by intracellular cytokine staining. Cytometry. Part A : the journal of
the International Society for Analytical Cytology 81, 1019-1021 (2012). [PubMed: 23081852]
Finak G, McDavid A, Chattopadhyay P, Dominguez M, De Rosa S, Roederer M, Gottardo R,
Mixture models for single-cell assays with applications to vaccine studies. Biostatistics 15, 87-101
(2014). [PubMed: 23887981]

Lachenbruch PA, Comparisons of two-part models with competitors. Stat Med 20, 1215-1234
(2001). [PubMed: 11304737]

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Kallas et al.

Page 14

E Enroliment j

Randomized ( n =100)

v
! (ot ) !

Group 1 (n=50)
1x10'° PU rAd5 Gag-Pol/EnvA/EnvB/EnvC
(3:1:1:1 mixture) @ month 0

Group 2 (n=50)
5x10° PU rAd5 Gag-Pol @ month 0

L

Follow-Up j l

Vaccinations discontinued (n = 0)

Early termination (n =1)
- Nonadherent to schedule (n = 1)

Vaccinations discontinued (n = 0)

Early termination (n = 2)
- Nonadherent to schedule (n = 2)

.

Analysis

)

Safety (n = 50)

Immunogenicity

- ICS (n = 49; 1 insufficient sample)
- ELISpot (n = 50)

- Epitope mapping (n = 50)

Safety (n = 50)

Immunogenicity

-ICS (n = 49, 1 low viability)
- ELISpot (n = 50)

- Epitope mapping (n = 50)

Figure 1:
Consort Diagram for HVTN 084.
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Figure 2: Gag/Pol-specific T cell responses in HVTN 084 one month after vaccination in
participants receiving rAd5 expressing Gag/Pol/Env (with Env) or Gag/Pol (without Env).

Background adjusted magnitude of A) CD4+ and B) CD8+ T cells producing IFN-y and/or
IL-2 measured by ICS. Box-plots represent the distribution for the positive responders only,
where the mid-line of the box denotes the median and the ends of the box denote the 25th
and 75th percentiles, with whiskers extended to the extreme data points that are no more
than 1.5 times the inter-quartile range or, if no value meets this criterion, to the data
extremes. The boxplots are overlaid with individual data points of both positive (in red
circles) and negative responders (in blue triangles). Percentages above the boxes are

response rates.
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Figure 3. Expression of different combinations of functional markers by CD4* and CD8" T cells.
Heatmap of COMPASS posterior probabilities for Gag-specific CD4* (A) and CD8" T cells

(C), and Pol-specific CD4" (B) and CD8* T cells (D). Columns correspond to the different
cell subsets modeled by COMPASS, color-coded by the cytokines they express
(white="off”, shaded="on", grouped by color="degree of functionality”), and ordered by
degree of functionality from one function on the left to six functions on the right. Subsets
with maximum posterior probabilities less than 0.005 are removed from the heatmap. Rows
correspond to participants in treatment (Trt) Group 1 (red) and Group 2 (blue). Each cell
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shows the probability that the corresponding cell-subset (column) exhibits an Ag-specific
response in the corresponding participant (row), where the probability is color-coded from
white (zero) to purple (one). The participant-level posterior probabilities reflect the certainty
from the COMPASS model that the subset exhibits an Ag-specific response in a participant
(7.e. that the magnitude of the stimulated sample is above the magnitude of the (paired) non-
stimulated sample).
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Figure 4: Functionality scores for Gag and Pol-specific T cell responses in HVTN 084 one month
after vaccination in participants receiving rAd5 expressing Gag/Pol/Env (red) or Gag/Pol (blue).

Functionality scores from COMPASS are defined as the proportion of antigen-specific
subsets detected among all possible ones based on expression of IFN-y, IL-2, TNF-a.,
CDA40L, IL-4, and granzyme B by CD4+ T cells (A and B) and CD8+ T cells (C and D) for
Gag and Pol, respectively. p-values are based on Wilcoxon rank sum test.
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Figure 5: Distribution of epitopes for Gag and Pol-specific T cell responses in HVTN 084.
Epitope mapping was performed one month after vaccination by IFN-y ELISpot by

deconvoluting responses to pools down to single 15-mer peptides. Responses to peptides
overlapping by 8 or more amino acids are shown as one epitope for A) Gag and B) Pol.
Group 1 (immunized with Env) is shown in red, group 2 (immunized without Env) in blue.
Each row represents a single individual, empty rows represent subjects for which no
individual epitopes were identified.

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.
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Figure 6: Epitope breadth of Gag/Pol-specific T cell responses in HVTN 084.
Epitope mapping was performed one month after vaccination by IFN-y ELISpot by

deconvoluting responses to pools down to single 15-mer peptides. Responses to peptides
overlapping by 8 or more amino acids were counted as one epitope. Group 1 (immunized
with Env) is shown in red, Group 2 (immunized without Env) in blue. A. The number of
targeted epitopes to Gag/Pol induced by vaccination. Colored lines represent means, black
lines represent medians. B. Reverse cumulative distribution function plot showing the
proportion of participants on the y-axis with a response greater than or equal to the number

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.
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of epitopes shown on the x-axis. The dotted horizontal line separates non-responders to the
left (breadth 0) from responders targeting at least one epitope. Percentages in the key denote
the proportion of responders.

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.
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Table 1.

Baseline characteristics of the intent-to-treat population.

Group 1: With Env (n=50)

Group 2: Without Env (n=50)

Total (n=100)

Sex
Female 43 (86%)

Race/ethnicity
White 27 (54%)
Black/African American 2 (4%)
Hispanic 17 (34%)
Asian 3(6%)
Other* 1(2%)

Age (years) 22 (18-48)

39 (78%)

30 (60%)

2 (4%)

17 (34%)

0 (0%)
1(2%)

21 (18 - 43)

82 (82%)

57 (57%)
4 (4%)

34 (34%)
3 (3%)

2 (2%)

21 (18-48)

Data are n (%), median (range).

Sci Transl Med. Author manuscript; available in PMC 2020 May 20.
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