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ABSTRACT

Introduction: Vesatolimod is a Toll-like recep-
tor-7 (TLR7) agonist in clinical development
as part of a combination regimen for human
immunodeficiency virus (HIV) cure. Influenza-
like symptoms associated with TLR7-medi-
ated immune activation have been reported
in clinical trials of vesatolimod. Therefore, a
broader understanding of the safety profile of
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vesatolimod and association with dose and
mechanism of action will help inform future
clinical studies.

Methods: In this analysis, data on flu-like
adverse events of interest (AEIs) were pooled
from eight clinical studies in which 606 partici-
pants either received single or multiple doses
of vesatolimod (0.3-12 mg; n=505) or placebo
(n=101). Vesatolimod pharmacokinetics, inflam-
matory responses, and pharmacodynamics were
assessed.
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Results: The incidence of flu-like AEIs was higher
with vesatolimod versus placebo (19% [96/505] vs.
8% [8/101]) and increased with vesatolimod dose
and exposure. Most flu-like AEIs with vesatolimod
were grade 1 or 2 severity (55% [53 of 96] grade 1;
35% [34 of 96] grade 2) with onset primarily after
the first and second dose. Occurrence of flu-like
AEIs after doses 1-3 was predictive of reoccurrence
after later doses. Dose-dependent elevations of
pharmacodynamic biomarkers (interferon-stim-
ulated gene 15, 2'-5'-oligoadenylate synthetase 1,
myxovirus resistance-1, interferon-a, interleukin-1
receptor antagonist, interferon-y-induced protein
10, interferon-inducible T-cell-a chemoattractant)
observed in participants with flu-like AEIs suggest a
link with vesatolimod mechanism of action.
Conclusions: Flu-like AEIs associated with
vesatolimod administration were typically mild
but increased with exposure, which may be pre-
dicted by the response to initial doses. The data
suggest that adaptive clinical monitoring could
help maximize pharmacodynamic responses and
balance adverse events in future clinical trials of
vesatolimod.

Keywords: Toll-like receptor-7 agonist;
Vesatolimod; Safety; Influenza-like adverse
events

Why carry out this study?

Several clinical studies are evaluating

the efficacy of vesatolimod as an
immunomodulator in combination with
other modalities such as broadly neutralizing
antibodies and therapeutic vaccines for
human immunodeficiency virus (HIV)
remission.

As an immunomodulator, flu-like symptoms
are known to occur with vesatolimod;
therefore, a broader understanding of

the safety profile of vesatolimod and its
relationship with dose and mechanism of
action will help inform future clinical studies.

We conducted a pooled analysis of data on
flu-like adverse events in participants who
received vesatolimod or placebo in eight
clinical trials.

What was learned from the study?

Flu-like adverse events associated with
vesatolimod administration were typically
mild but increased with exposure and were
predicted by the response to initial doses.

Dose-dependent elevations of
pharmacodynamic biomarkers observed
in participants with flu-like adverse
events suggested a link with vesatolimod
mechanism of action.

The data suggest that adaptive clinical
monitoring could help maximize
pharmacodynamic responses and balance
adverse events in future clinical trials of
vesatolimod in people with HIV.

INTRODUCTION

Vesatolimod (VES; formerly known as GS-9620)
is an orally administered investigational Toll-
like receptor-7 (TLR7) agonist previously studied
as a therapeutic agent for chronic hepatitis B
infection and currently in development as part
of a combination regimen aimed at inducing
antiretroviral therapy (ART)-free remission
of human immunodeficiency virus (HIV)-1
infection.

In clinical trials, VES was generally safe and
well tolerated in healthy participants, people
with hepatitis B virus (PWHBYV), treatment-naive
people with hepatitis C virus, and people with
HIV (PWH) on ART [1-4]. Data from human
ex vivo and in vivo studies have shown that VES
induces interferon (IFN)-stimulated gene (ISG)
expression, increases circulating cytokines and
chemokines, and activates immune cells that are
critical to control HIV-1 infection [2, 3, 5, 6].
In experiments using peripheral blood mono-
nuclear cells from virally suppressed PWH, VES
promoted a dose-dependent increase in CD8*
T-cell activation, expansion of HIV-specific
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CD8* T cells, HIV-1 reactivation, and inhibited
viral replication ex vivo [7-9]. VES in combina-
tion with a therapeutic vaccine and/or broadly
neutralizing antibodies (bNAbs) showed pre-
liminary efficacy in virological control after
ART discontinuation in a subset of early treated
rhesus macaques infected with simian immu-
nodeficiency virus [10-12]. Moreover, multiple-
dose VES resulted in a modest increase in time
to viral rebound and a decrease in viral setpoint
in HIV controllers, highlighting its potential
as part of a combination strategy aimed at HIV
remission [6]. More recently, VES was studied
in combination with a therapeutic vaccine in a
phase 2 clinical trial (AELIX-003) [13]. Although
there was no difference in viral load dynamics
post-ART, the vaccine/VES regimen was highly
immunogenic, vaccine immunogenicity corre-
lated with improved viral outcomes, and VES
consistently induced a pharmacodynamic (PD)
response. Additionally, there are two ongoing
clinical trials (NCT05281510 and NCT06071767)
evaluating VES as an immunomodulator in com-
bination with other modalities such as bNAbs
and therapeutic vaccine for HIV remission.
NCT05281510 is a phase 2a clinical trial that
is investigating VRCO07-523LS, CAP256V2LS,
and in early antiretroviral-treated women liv-
ing with HIV-1 clade C in South Africa [14];
NCTO06071767 is a phase 1/2a study that aims
to evaluate the safety, immunogenicity, and effi-
cacy of a triple immune regimen in adults initi-
ated on ART during acute HIV-1 [15].

VES results in immune activation and
upregulation of IFNa and ISGs [16]. Type I IFN
responses can elicit a complex cascade of events
in response to viral infection [17], and influ-
enza-like (flu-like) symptoms are common side
effects associated with type I IFN therapy [18].
Therefore, flu-like symptoms or adverse events
(AEs) are expected after VES administration and
have, in fact, been previously reported in clinical
studies of VES [3, 6]. However, the associations
between the pharmacokinetics (PK) of TLR7 ago-
nists and the mechanism by which they may
contribute to AEs has not been systemically
studied. Here, we undertook a detailed analysis
of the relationships between flu-like AEs and the
mechanism of action (MOA) and PK of VES from
eight independent clinical studies.

METHODS

We analyzed pooled safety, PK, and PD data
from eight clinical studies of VES in three
populations: healthy participants (two studies),
PWHBYV (four studies), and PWH (two studies).
The analysis included 606 participants; 101 who
received placebo and 505 who received VES at
doses ranging from 0.3-12 mg. Eight VES doses
were evaluated: 0.3 mg (n=27), 1 mg (n=136),
2mg (n=139), 4 mg (n=140), 6 mg (n=24), 8 mg
(n=34), 10 mg (n=6), and 12 mg (n=12); 13
participants underwent dose escalations. Among
these eight clinical studies, 58 participants from
two studies of healthy participants received
a single dose of VES; 447 participants were
enrolled in multiple-dose studies and received up
to 13 VES administrations. Data from the AELIX-
003 study (NCT04364035) in which participants
received VES plus vaccine were not available at
the time of this analysis. The clinical studies and
detailed dosing strategy for the pooled analysis
are summarized in the supplementary materials
(Tables S1-S3). Each study in this analysis was
conducted in accordance with the protocol and
ethical principles derived from international
guidelines including the Declaration of Helsinki,
Council for International Organizations
of Medical Sciences International Ethical
Guidelines, applicable International Council
for Harmonization (ICH) guidelines for Good
Clinical Practice (GCP), and all applicable laws,
rules and regulations. The protocols for each
study were approved by an institutional review
board or ethics committee. Written informed
consent was obtained from all participants.

Safety Analysis

AEs were recorded and graded per the Gilead
grading scale for severity of AEs and the
laboratory abnormalities toxicity grading
scale (Table S4). A search for flu-like AEs
was performed across the eight clinical
studies, according to the following MedDRA
preferred terms: cytokine release syndrome,
hemophagocytic lymphohistiocytosis, cytokine
storm, capillary leak syndrome, pyrexia, chills,
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headache, fatigue, cancer fatigue, arthralgia,
nausea, vomiting, systemic inflammatory
response syndrome, hypotension, hypoxia,
influenza-like illness, myalgia, influenza, and
malaise (Table S5). A subset of influenza-like
AEs (collectively termed “flu-like AEs of interest”
[flu-like AEIs]) was selected for analysis based on
clinical significance and potential association
with the MOA of VES. Flu-like AEIs included
the following preferred terms: any grade of
pyrexia, chills, influenza-like illness, influenza,
and cytokine release syndrome (CRS), and
grade>2 myalgia, headache, fatigue, and malaise
(Table S5).

Food intake can reduce VES exposure [2];
therefore, only participants (n=492) who
received VES fasted or with an empty stomach
(no food 2 h before and 2 h after dose; hereafter
referred to as fasted state) were included in
analyses by VES dose.

Pharmacokinetic and Pharmacodynamic
Analyses

Plasma concentration of VES was
determined by high-performance liquid
chromatography-tandem mass spectroscopy.
Maximal plasma concentration (C,,,,) and area
under the concentration-time curve to infinity
after a single dose (AUC,,;) were estimated by
standard noncompartmental methods using
Phoenix (Certara, Princeton, NJ, USA).

The PD response to VES was assessed through
evaluation of whole-blood ISGs (ISG15, myxovi-
rus resistance-1 [MX1], and 2’-5'-oligoadenylate
synthetase 1 [OAS1]), and circulating biomark-
ers downstream of TLR7 stimulation, including
several cytokines (IFNa, IFN-inducible T-cell-a
chemoattractant [ITAC], interleukin-1 recep-
tor antagonist [IL-1RA], and IFN+y-induced pro-
tein [IP-10]). Markers of inflammation included
interleukin-6 (IL-6), IFNy, tumor necrosis
tfactor-a (TNFa), and C-reactive protein (CRP).
The mRNA expression of ISGs and TLR7 single-
nucleotide polymorphisms (SNPs; rs179008 and
1s3853839) were measured using real-time quan-
titative polymerase chain reaction (Covance,
Indianapolis, IN, USA). Assay details for evalu-
ating cytokine and immune cell phenotyping

are summarized in Table S6. Fold changes from
baseline for each biomarker analyte were cal-
culated before consolidating the data from the
eight studies for further analysis.

To identify circulating biomarkers associated
with flu-like AEIs, we compared 24-h changes
from baseline after the first dose in ISGs (ISG15,
MX1, OAS1), PD biomarkers (IFNa, ITAC, IL-
1RA, IP-10), soluble biomarkers of CRS (IL-6,
[FNvy, TNFa, CRP), and frequency of activated
(CD69%) natural killer (NK) cells in participants
with or without flu-like AEIs in both placebo and
VES arms.

Statistical Analysis

The Wilcoxon rank-sum test was used to
compare differences in the data obtained
between early and later flu-like AEIs, whereas the
chi-square test was used to analyze associations
between those two groups. The Wilcoxon rank-
sum test was used to compare fold changes in
each biomarker between participants with and
without flu-like AEL. A generalized linear mixed-
effect model and Tukey trend test were used to
evaluate if any biomarkers could be used as
prognostic or predictive baseline biomarkers
for any flu-like AEI after the first VES dose,
regardless of age, sex at birth, race, or study
population (e.g., healthy participants, PWHBY,
or PWH) (additional details provided in the
supplementary materials).

RESULTS

This analysis included 606 adults (73 PWH,
454 PWHBY, and 79 healthy volunteers). The
median age was 43 years (interquartile range,
34-51), 442 (73%) of participants were male, 333
(55%) Asian or Native Hawaiian, and 205 (34%)
were white (Table S7).

Safety and Incidence of Flu-Like AEIs across
Eight Clinical Studies

The incidence of flu-like AEIs was 8% (8/101) in
participants who received placebo, 19% (96/505)
in participants who received VES (fed or fasted
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state), and 20% (96/492) in participants who
received VES (fasted state). Of the flu-like AEIs
in participants who received VES (fasted state),
55% (53/96) were grade 1, 35% (34/96) were
grade 2, and 9% (9/96) were grade 3. There were
no grade 4 AEIs. The most common flu-like AEIs
were pyrexia (9%; n=46), chills (7%; n=35), and
headache (4%; n=20) (Table 1).

A summary of all flu-like AEs in the fasted
state, including AEIs, is shown in Table S8.
Among the eight studies, there was one grade 3
serious AE of CRS in a healthy participant who
received VES. This participant received VES 8 mg
with elipovimab (formerly named GS-9722)
250 mg, an investigational effector-enhanced
broadly neutralizing antibody targeting the
HIV envelope. The participant developed
tachycardia, fever, chills, nausea, vomiting,
myalgia, labile blood pressure, and hypoxemia,
requiring hospitalization for intravenous
fluids, corticosteroids, and diphenhydramine.
Although this serious AE was reported as grade
3 by the investigator, according to National
Cancer Institute CRS grading this serious AE
was consistent with grade 2, as the associated
hypotension responded to fluids [19]. There
were two serious cases of flu-like symptoms
involving accidental overdoses of VES in
PWHBYV. One participant received an accidental
overdose of VES 10 mg and developed chills, hot
flashes, and fever that resolved spontaneously.
Another participant received an accidental
overdose of VES 20 mg and was hospitalized
for tachycardia, fever, headache, blurred vision,
nausea, vomiting, myalgia, and full-body
tremors, which resolved within 1 day.

Flu-Like AEIs Increased with VES Dose and
Exposure

The incidence of flu-like AEIs increased with
VES dose and was highest in the 8 mg (43%
[9/21]) and 10/12 mg (58% [7/12]) groups
(Table 1). Among all participants who received
VES (any dose, fed or fasted state), the inci-
dence of flu-like AEIs was 7% (37/505) after
the first dose, 5.5% (22/400) after the second
dose, and decreased to<4% after the third dose

(Fig. 1A). Additionally, there was an associa-
tion between the early development of flu-like
AEls after doses 1 to 3 and later recurrence of
flu-like AEI after dose 4 (P<0.001 for dose 1,
P<0.01 for dose 2, and P<0.001 for dose 3 by
chi-square test; Table 2). Of the 52 participants
with onset of any flu-like AEI after dose 4 and
beyond, 12 (23%) had previously had a flu-like
AEI after dose 1 and before dose 2. Most events
of flu-like AEIs had onset within 12 h after
the first VES dose, with the highest incidence
within 5-6 h post dose (Fig. 1B).

The AUC,,¢ and C,,,, of VES increased with
VES dose, although there was a substantial
overlap in exposures between different dose
levels due to the large variability in VES PK
(Fig. 2A, B). The percentages of participants
with flu-like AEIs increased from the lowest to
the highest quartiles of VES AUC,; and C,,,
in all participants with valid PK measurements
(Fig. 2C, D). The median VES dose among
participants who developed flu-like AEIs was
higher compared with participants without flu-
like AEIs (P<0.001; Fig. S1).

VES PD Responses Increased 24 Hours after
VES Administration in a Dose-Dependent
Manner

Increases in VES PD biomarkers were observed
24 h after the first dose administration at VES
doses>4 mg for IFNa, ITAC, IL-1RA, and IP-10,
and at VES doses>1 mg for ISG15, MX1, and
OAS1 (Fig. 3). There appeared to be a dose-
dependent increase of IFNa, ITAC, IL-1RA,
[P-10, ISG15, MX1, and OAS1, but with high
variability at the 10/12 mg dose. The highest
fold change of PD biomarkers was achieved
with VES doses>8 mg. However, variability
in the lower limit of quantification (LLOQ)
across studies contributed to lower sensitivity
to detect upregulation of IFNa than the other
PD biomarkers.

No dose-dependent changes were observed
24 h after VES administration in the levels of
IL-6, IFNvy, TNFa, and CRP—markers frequently
elevated in the context of CRS (Fig. S2).
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Table 1 Summary of influenza-like adverse events of interest by dose (fasted state)

Participants, 7 (%) Placebo =101  03mg  1mg 2mg 4mg 6mg  Smg 10/12mg  AIIVES
n=27 n=136 n=139 n=140 n=24 n=21 n=12 n=492
Any flu-like AEI 8 (8%) 14%)  23(17%)  21(15%)  33(24%)  2(8%)  9(43%) 7 (58%) 96 (20%)
Grade 1 3 (3%) 14%)  10(7%) 11 (8%) 19(14%)  1(4%)  7(33%)  4(33%) 53 (11%)
Grade 2 5 (5%) 0 11(8%) 8 (6%) 12 (9%) 1(4%)  1(5%) 1(8%) 34 (7%)
Grade 3 0 0 2 (2%) 2 (1%) 2 (1%) 0 1(5%) 2 (17%) 9 (2%)
Grade 4 0 0 0 0 0 0 0 0 0
CRS (grade 3) 0 0 0 0 0 0 1(5%) 0 1(<1%)
Pyrexia 3 (3%) 14%)  9(7%) 8 (6%) 18(13%)  1(4%)  3(14%)  6(50%) 46 (9%)
Grade 1 3 (3%) 1(4%) 5 (4%) 6 (4%) 13 (9%) 1(4%)  3(14%)  3(25%) 32 (7%)
Grade 2 0 0 2 (2%) 1(1%) 3(2%) 0 0 1(8%) 7 (1%)
Grade 3 0 0 2(2%) 1(1%) 2 (1%) 0 0 2 (17%) 7 (1%)
Myalgia (grade 2)° 0 0 1(1%) 1(1%) 4(3%) 1(4%)  1(5%) 1(8%) 9 (2%)
Chills 2(2%) 0 3 (2%) 9(7%) 13 (9%) 0 4(19%)  6(50%) 35 (7%)
Grade 1 2 (2%) 0 3 (2%) 8 (6%) 11(8%) 0 4(19%) 5 (42%) 31 (6%)
Grade 2 0 0 0 0 2(1%) 0 0 1(8%) 3(1%)
Grade 3 0 0 0 1(1%) 0 0 0 0 1(<1%)
Influenza 0 0 2(2%) 0 1(1%) 0 0 0 3 (1%)
Grade 1 0 0 1(1%) 0 1(1%) 0 0 0 2 (< 1%)
Grade 2 0 0 1(1%) 0 0 0 0 0 1(<1%)
Influenza-like illness 0 0 7 (5%) 1(1%) 9 (6%) 0 0 0 17 (4%)
Grade 1 0 0 5 (4%) 1(1%) 7 (5%) 0 0 0 13 (3%)
Grade 2 0 0 2 (2%) 0 2(1%) 0 0 0 4(1%)
Malaise (grade 2)° 1(1%) 0 0 0 1(1%) 0 0 0 1(<1%)
Headache 3 (3%) 0 6 (4%) 6 (4%) 6 (4%) 0 1(5%) 1(8%) 20 (4%)
Grade 2 3 (3%) 0 6 (4%) 5 (4%) 6 (4%) 0 1(5%) 1(8%) 19 (4%)
Grade 3 0 0 0 1(1%) 0 0 0 0 1(<1%)
Fatigue (grade 2)* 2 (2%) 0 3 (2%) 2 (1%) 4 (3%) 0 0 0 9 (2%)
Joint pain 0 0 0 0 0 0 0 0 0

Flu-like AEIs included > grade 2 fatigue, headache, malaise, myalgia; > grade 3 joint pain; any grades of chills, cytokine
release syndrome, influenza, influenza-like illness and pyrexia

Fasted state excluded participants who received VES with a high-fat meal, moderate-fat meal, or 4 h after a high-fat meal. Six
participants received placebo with a meal. Eighteen participants were treated with VES 8 mg immediately after a high-fat or
moderate-fat meal, or 4 h after a high-fat meal (z =6 per group). Among those, five participants crossed over from the fasted
group to the high-fat meal group after a 1-month washout. Four participants in GS-US-382-3961 crossed over from VES
4 mg to 6 mg and three participants in GS-US-382-3961 crossed over from VES 6 mg to 8 mg after a washout

Multiple adverse events were counted only once per participant for the highest severity grade for each preferred term

AET adverse events of interest, CRS cytokine release syndrome, flu-like AEIs influenza-like adverse events of interest, VES
vesatolimod

*All events of myalgia, malaise and fatigue were grade 2 severity
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Fig. 1 Incidence of influenza-like adverse events of interest
stratified by vesatolimod dose number and time of onset. A
Percentages of flu-like AEI in all participants who received
VES across all eight studies according to VES dose number.
B Percentages of flu-like AEI according to time of onset of

Associations of Flu-Like AEIs with PD
Biomarkers

PD biomarkers were significantly increased
from baseline in participants with flu-like AEIs
in both placebo and VES arms, including IFNa
(P<0.001), ITAC (P<0.01), IL-1RA (P<0.001),
and IP-10 (P<0.001) (Fig. S3). In addition, IL-6
and CD69* NK cells were significantly higher
in participants with flu-like AEIs (P<0.01). No
significant differences were observed in IFNvy,

flu-like AEIs after first VES dose. Percentages were calcu-
lated based on the total number of flu-like AEIs (N=53).
AET adverse events of interest, flu-like AEIs influenza-like
adverse events of interest, VES vesatolimod

TNFa, CRP, ISG15, MX1, and OAS1 between
participants with and without flu-like AEIs (Fig.
S4).

Using a post hoc Tukey test, baseline lev-
els of IFNa (P<0.01), ITAC (P=0.03), IL-6
(P=0.01), and TNFa (P<0.01) were identified as
predictive biomarkers of flu-like AEIs after the
first VES dose (fasted state) (Table S9). Baseline
levels of IFNa (P<0.01), ITAC (P=0.01), IL-6
(P=0.02), TNFa (P<0.01), and IFNy (P=0.04)
were identified as prognostic biomarkers of
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Table 2 Association between early development of influenza-like adverse events of interest and later recurrence

VES treatment Onset of flu-like AEI before

No flu-like AEI after Any flu-like AEI after P value

dose 4 dose 4 and beyond,  dose 4 and beyond,
N N
Received dose 1, participants 311 52
[N=363]
Participants with any flu-like ~ 14/311 (5%) 12/52 (23%) P<0.001
AFI after dose 1 and before
dose 2
Received dose 2, participants 308 52
[N=360]
Participants with any flu-like ~ 14/308 (5%) 8/52 (15%) P<0.01
AFI after dose 2 and before
dose 3
Received dose 3, participants 306 52
[N=358]
Participants with any flu-like ~ 6/306 (2%) 7/52 (14%) P<0.001

AFI after dose 3 and before
dose 4

Nominal P values generated from chi-square test

AET adverse events of interest, flu-like AEIs influenza-like adverse events of interest, VES vesatolimod

flu-like AEIs after the first VES dose (fasted
state) (Table S10).

Associations of Flu-Like AEIs with TLR7 SNPs

The rs3853839 and rs179008 SNPs in the 3’
untranslated region of TLR7, which can be
associated with elevated TLR7 signaling and
protective immune responses [20-23], were
sequenced in 422 participants. The overall dis-
tribution of the TLR7 SNPs varied by sex and
ethnicity (Tables S11 and S12). The rs179008
SNPs were absent in the Asian population.
Most rs179008 A/T heterozygotes were white
temale participants (10/11). The incidence of
flu-like AEs in participants with rs179008 SNPs
was 26% (27/103) for female participants and
19% (54/290) for male participants carrying A/A
homozygous alleles, 45% (5/11) for female par-
ticipants carrying A/T heterozygous alleles, and
11% (2/18) for male participants carrying T/T

homozygous alleles (Table S11). In participants
with rs3853839 SNPs, the incidence of flu-like
AEs was 54% (13/24) for female participants and
19% (25/134) for male participants carrying C/C
homozygous alleles, 18% (7/40) for female par-
ticipants carrying C/G heterozygous alleles, 24%
(12/50) for female participants carrying G/G
homozygous alleles, and 18% (31/174) for male
participants carrying G/G homozygous alleles
(Table S12).

DISCUSSION

VES is an immune-modulating TLR7 agonist
that is under clinical development as part of a
combination strategy for HIV cure [3, 6, 24-26].
Nonclinical and clinical studies have established
preliminary safety and efficacy of VES, alone or
in combination with other agents [6, 10-12].
VES treatment results in immune activation
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Fig.2 Incidence of influenza-like adverse events of inter-
est by vesatolimod exposure. A, B Distribution of VES
AUC, cand C,,, by VES dose level administered in fasted
state or with empty stomach to participants with pharma-
cokinetic measurements across eight clinical studies. Dots
represent individual data; boxes represent 25th to 75th
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ticipants who experienced flu-like AEIs are highlighted
in red dots. C, D Percentages of participants with flu-like
AElIs are plotted by quartiles of VES AUC, ¢and C, . in

and upregulation of IFNa and ISGs [16]. Flu-
like symptoms such as fever, chills, myalgia,
headache, and nausea, which are similar to
those induced by IFNa therapy [18], are likely
to be associated with TLR7-mediated immune
activation and have been reported in clinical
trials of VES [3, 6]. The findings of this pooled
analysis confirmed that a subset of participants
developed VES-related flu-like AEs which were

Flu-like AEI
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all participants with pharmacokinetic measurements across
eight clinical studies. Error bars represent standard errors.
Rates of flu-like AEIs were plotted against mean AUC, ¢
and C,, in each quartile. In all panels, dashed line indi-
cates range of AUC,  or C,, within each quartile (Q1,
first quartile; Q2, second quartile; Q3, third quartile; Q4,
fourth quartile). AUC,, sarea under the concentration—time
curve to infinity after a single dose, C,,, maximal concen-
tration, flu-like AEIs influenza-like adverse events of inter-
est, Q quartile, VES vesatolimod

typically mild and increased with exposure
and may be predicted by the response to initial
doses.

Flu-like AEIs, selected based on grade, clinical
relevance, and potential association with MOA,
were more common with VES versus placebo.
The most common reported flu-like AEIs were
chills, pyrexia, and headache. A dose-dependent
increase in the incidence of flu-like AEIs was also
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«Fig.3 Changes in pharmacodynamic biomarkers 24 h
after first dose administration in participants with and
without influenza-like adverse events of interest. Fold
changes from baseline 24 h after first dose for VES phar-
macodynamic biomarkers from all eight VES studies are
summarized by VES dose. Participants who presented with
flu-like AEIs are highlighted in red dots. AEI adverse events
of interest, flu-like AEIs influenza-like adverse events of
interest, [FNe interferon-o, IL-1RA interleukin-1 receptor
antagonist, IP-10 interferon-y-induced protein 10 kDa,
ISGIS interferon-stimulated gene 15, ITAC interferon-
inducible T-cell-a chemoattractant, MXI myxovirus resist-
ance-1, 048I 2'-5"-oligoadenylate synthetase 1, VES vesa-
tolimod

observed. This is consistent with the hypothe-
sis that flu-like AEIs may be directly linked to
the VES MOA and that the development of flu-
like AEIs may be an indication of VES activity
in vivo.

Analyses of PK and PD data revealed that the
incidence of flu-like AEIs increased with VES
exposure. Additionally, VES induced a dose-
dependent elevation of the PD biomarkers IFNa,
ITAC, IL-1RA, and IP-10, cytokines that are typi-
cally produced in response to direct stimulation
of TLR7 [2, 3, 6]. The direct link between TLR7
stimulation and flu-like AEIs is further sup-
ported by the finding that [FNa, ITAC, IL-1RA,
and IP-10, as well as IL-6 levels and frequency
of activated (CD69*%) NK cells, were elevated in
participants who experienced flu-like AEIs.

TLR7 expression and signaling, and
consequently its effect on immune responses,
can be influenced by genetic factors, such as the
presence of specific TLR7 SNPs [20-23]. In this
study, the incidence of flu-like AEIs was higher in
white female participants who carried rs179008
A/T heterologous alleles. This could potentially
be explained by an increase in TLR7 signaling, as
TLR?7 is encoded on the X chromosome and can
escape X inactivation in immune cells [27, 28].
The incidence of flu-like AEIs was also higher
in white participants who carried rs3853839
hemizygous G allele or G homozygous alleles.
The rs3853839 SNP has been associated with
autoimmune diseases such as systemic lupus
erythematous and Behcet disease [21-23,
29], also suggesting a potential link between
TLR7 engagement and a heightened immune

response. Overall, these findings support the
hypothesis that TLR7 signaling may be directly
linked to the development of flu-like AEIs in
participants who receive VES.

Baseline levels of several inflammatory and
PD biomarkers were identified as potentially pre-
dictive (IFNa, ITAC, IL-6, and TNFa) or prog-
nostic (IFNa, ITAC, IL-6, TNFa, and IFNvy) of
flu-like AEIs. More specifically, participants with
higher baseline values of these biomarkers were
less likely to develop flu-like AEIs after receiv-
ing the first VES dose. This suggests that higher
inflammation levels at baseline could affect the
magnitude of TLR7-associated responses and the
subsequent development of flu-like AEIs. The
mechanisms underlying this observation remain
to be established, however it is well known that
activation of TLRs can lead to upregulation of
inflammatory mediators and that TLR signaling
is negatively controlled by multiple mechanisms
[30] to avoid immunopathology. It is therefore
possible that the induction of negative signal-
ing regulators or transcriptional downregulation
could contribute to our findings.

VES-induced elevation of PD response and
immune cell activation was previously identi-
fied as a potential contributor to the efficacy of
VES in a study of virologically suppressed PWH
on ART [6]. Stimulation of cytokine production
resulting from TLR7 signaling has, however, the
potential to result in severe or life-threatening
AEs. General markers of inflammation (IL-6,
[FN+y, TNFa, and CRP) did not increase in a dose-
dependent manner after VES administration,
suggesting that the VES immune-modulatory
effect may not necessarily result in a hyperin-
flammatory state. One case of grade 2 CRS (per
CTCAE grading) [31] and two serious cases of
flu-like symptoms have, however, been observed
in clinical trials to date. These cases were noted
in participants who received either high doses of
VES (10 and 20 mg) or VES 8 mg in combination
with elipovimab, an effector-enhanced bNAb.
These events resolved completely without any
long-term sequelae, and the data suggest that
clinical monitoring is warranted in patients who
receive VES, especially when administered in
combination with other agents. In ongoing and
future studies VES dosing is staggered by >1 week
relative to partner agents. Notably, the incidence
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of flu-like AEIs in the pooled analysis was high-
est after the first two doses of VES and more
likely to recur in participants who experienced
flu-like AEIs with earlier doses. This finding sup-
ports the implementation of an adaptive clini-
cal monitoring strategy in future clinical studies,
with closer monitoring with the first two doses.

Our study has limitations. First, this was a
heterogeneous pooled population including
healthy participants, PWHBYV, and PWH;
however, VES was investigated with full dose
range (0-12 mg) only in healthy participants and
virologically suppressed PWH. PWHBYV received
lower VES doses (0-4 mg) and ART-treated HIV
controllers received higher doses (4-8 mg).
Second, although a dose-dependent increase
in PD biomarkers was observed and the data
variability was limited, the data were probably
confounded by the small sample size for the VES
10/12 mg groups and the insufficient dose range
in specific subpopulations (e.g., PWHBV and
ART-treated HIV controllers). Moreover, data
were collected from different assay platforms,
laboratories, and cohorts with variations in the
lower limit of detection, which could increase
experimental variability. Third, even though
TLR7 can recognize RNA oligonucleotides from
RNA viruses, the exact viral ligand that triggers
TLR7 remains unknown. Therefore, even
though PWH in the study had viral suppression,
residual viral activities in the tissue cannot be
excluded as it may modulate TLR7 activation,
impacting the results. Last, the gender, race,
and TLR7 SNP distribution among the different
dose groups may have impacted the analysis of
TLR7 response on VES stimulation. The data
used for this analysis were collected from a
total of 442 male participants (73%) and 164
female participants (27%), with<20% female
participants in the PWH population. Since TLR7
is located on the X-chromosome, its expression
can be confounded by X-linked genetic factors
and gender-specific hormones. Hence, the
analysis might be under-representative for
the female population. Future studies with
expanded sample size in PWH and reduced
covariates will likely facilitate the use of VES as
part of combination treatment in advancing HIV
cure and remission strategies.

In conclusion, flu-like AEIs occurred in a subset
of participants following VES exposure and were
typically mild in severity and more common
after early doses. Flu-like AEIs increased with VES
exposure and elevated PD biomarkers, suggesting a
direct link between flu-like AEIs and the VES MOA
of TLR7 activation. VES is currently in develop-
ment as an immune modulator for HIV cure/
remission with clinical studies evaluating its effi-
cacy in combination with other modalities such
as bNAbs and therapeutic vaccines (NCT05281510
and NCT06071767). As such, understanding the
predictors and mechanisms of flu-like symptoms
after VES exposure provides important context
for researchers in the HIV cure field. Even though
VES alone is not sufficient to induce a measurable
increase in plasma viremia or long-term delay
in viral rebound [10, 32], it is evident from the
studies in PWH that VES increases immune cell
activation, which has the capacity to enhance the
combination strategy for HIV cure/remission [3,
6]. Flu-like AEIs may be predicted by the response
to initial doses, and the maximum tolerable flu-
like AEIs may be used as a guide to select the
optimal VES dose for the HIV cure strategy, sup-
porting adaptive clinical monitoring. All partici-
pants enrolled in the ongoing VES clinical trials
are carefully monitored for early signs of CRS, and
for hematologic and hepatic AEs and laboratory
abnormalities, as some participants in early phase
trials experienced graded elevations. The relation-
ship between VES PD and efficacy in the setting of
HIV remission strategies requires further investiga-
tion in expanded populations in future trials.
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