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ABSTRACT

Background Davoceticept (ALPN-202) is an Fc fusion of a
CD80 variant immunoglobulin domain designed to mediate
programmed death-ligand 1 (PD-L1)-dependent CD28
co-stimulation while inhibiting the PD-L1 and cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) checkpoints.
The safety and efficacy of davoceticept monotherapy and
davoceticept and pembrolizumab combination therapy in
adult patients with advanced solid tumors were explored in
NEON-1 and NEON-2, respectively.

Methods In NEON-1 (n=58), davoceticept 0.001-10mg/
kg was administered intravenous either once weekly
(Q1W) or once every 3 weeks (Q3W). In NEON-2 (n=29),
davoceticept was administered intravenously at 2 dose
levels (0.1 or 0.3mg/kg) Q1W or Q3W with pembrolizumab
(400 mg once every 6 weeks). In both studies, primary
endpoints included incidence of dose-limiting toxicities
(DLT); type, incidence, and severity of adverse events (AES)
and laboratory abnormalities; and seriousness of AEs.
Secondary endpoints included antitumor efficacy assessed
using RECIST v1.1, pharmacokinetics, anti-drug antibodies,
and pharmacodynamic biomarkers.

Results The incidence of treatment-related AEs (TRAES)
and immune-related adverse events (irAEs) was 67%
(39/58) and 36% (21/58) with davoceticept monotherapy,
and 62% (18/29) and 31% (9/29) with davoceticept and
pembrolizumab combination, respectively. The incidence
of >grade (Gr)3 TRAEs and >Gr3 irAEs was 12% (7/58)
and 5% (3/58) with davoceticept monotherapy, and

24% (7/29) and 10% (3/29) with davoceticept and
pembrolizumab combination, respectively. One DLT of Gr3
immune-related gastritis occurred during davoceticept
monotherapy 3 mg/kg Q3W. During davoceticept
combination with pembrolizumab, two Gr5 cardiac

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Agonism of the key T-cell co-stimulatory receptor
CD28 has long been considered a potential thera-
peutic anticancer approach, but past therapeutic
agents have encountered multiple development
challenges, including dose selection and tolerabil-
ity. Davoceticept is an Fc fusion of an engineered
CD80 variant immunoglobulin domain that inhib-
its programmed death-1 (PD-1) and cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) while
mediating programmed death-ligand 1-dependent
CD28 co-stimulation.

WHAT THIS STUDY ADDS

= NEON-1 and NEON-2 were two phase |, open-label
dose-escalation trials that evaluated davoceticept
as monotherapy (NEON-1), and in combination with
pembrolizumab (NEON-2). Although both monother-
apy and combination strategies resulted in clinical
benefits including durable objective responses in
some heavily pretreated patients, and davoceticept
was well tolerated as monotherapy, the combina-
tion of davoceticept with pembrolizumab produced
a higher incidence of Grade >3 adverse events, in-
cluding two fatal cardiac events.

DLTs occurred; one instance each of cardiogenic shock
(0.3mg/kg Q3W, choroidal melanoma metastatic to

the liver) and immune-mediated myocarditis (0.1 mg/
kg Q3W, microsatellite stable metastatic colorectal
adenocarcinoma), prompting early termination of both
studies. Across both studies, five patients with renal
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= (D28 agonism continues to have nascent therapeutic potential, as
evidenced by several findings of clinical benefit in these studies, but
further clinical investigation with davoceticept and perhaps other
CD28 agonists should, for now, consider combinations with mecha-
nisms besides PD-1-inhibitors given the potential for additive toxic-
ity, until the safety profile of davoceticept and other CD28 agonists
are more fully elucidated.

cell carcinoma (RCC) exhibited evidence of clinical benefit (two partial
response, three stable disease).

Conclusions Davoceticept was generally well tolerated as monotherapy
at intravenous doses up to 10 mg/kg. Evidence of clinical activity was
observed with davoceticept monotherapy and davoceticept in combination
with pembrolizumab, notably in RCC. However, two fatal cardiac

events occurred with the combination of low-dose davoceticept and
pembrolizumab. Future clinical investigation with davoceticept should
not consider combination with programmed death-1-inhibitor anticancer
mechanisms, until its safety profile is more fully elucidated.

Trial registration number NEON-1 (NCT04186637) and NEON-2
(NCT04920383).

INTRODUCTION

Programmed death-1 (PD-1) is a receptor expressed by
activated T cells that binds to programmed death-ligand-1
(PD-L1) (B7-H1)'?and PD-L2 (B7-DC).”* PD-1 suppresses
T-cell functions on the engagement of PD-LI1, which
is expressed by a wide variety of tissues.”™ PD-L1 is also
expressed by human tumors, either constitutively or after
treatmentwith interferon gamma (IFN-y), as amechanism
of immune evasion.”° Cytotoxic T lymphocyte-associated
antigen-4 (CTLA-4, CD152) is an activation-induced glyco-
protein that belongs to the immunoglobulin superfamily
with homology to the T-cell co-stimulatory protein CD28.
It is constitutively expressed on regulatory T cells but is
rapidly induced on CD8+T cells following T-cell receptor
(TCR) engalgement.78 While CD28 provides the co-stimu-
latory signal required for antigen-specific T-cell activation
and expansion after the initial interaction between TCR
and antigen-presenting cells (APCs), CTLA-4 downregu-
lates T-cell responses by acting as a decoy receptor®? and
competing for binding to the ligands it shares with CD28,
namely CD80 (B7.1) and CD86 (B7.2).""" Interestingly,
in addition to binding to CD28 and CTLA-4, CD80 also
binds to PD-L1 in cis on the surface of APCs,® 17 which
may allow for CD28 co-stimulation while interfering
with PD-L1 inhibitory signaling.'®’ Inhibition of PD-1
and/or CTLA-4 by monoclonal antibodies (mAb), over-
comes tumor-mediated immune suppression and leads
to antitumor immune responses and improved survival
in multiple cancers including advanced melanoma, renal
cell carcinoma (RCC), and non-small cell lung cancer
(NSCLC) .27

PD-1 and CTLA-4 interfere with signal transduction
downstream of CD28, which can be relieved by PD-1 or
CTLA-4 targeting mAbs.” *® However, these mAbs are
unable to drive the CD28 co-stimulatory signal that is
requisite for Tecell activation.”” In preclinical models,
tumor-targeted CD28 activation by engineered expres-
sion of CD28 ligands on tumor cells produces profound
antitumor immune responses.” > We hypothesized that
conditional CD28 co-stimulation may overcome resis-
tance to immune checkpoint blockade.

Davoceticept includes a CD80 variant immunoglobulin
domain that was engineered to have increased affinity
for PD-L1 and CD28 relative to wild-type CD80, while
retaining its ability to bind to CTLA-4. It inhibits both the
PD-L1 and CTLA-4 checkpoints and also mediates PD-L1-
dependent CD28 co-stimulation.” The clinical develop-
ment program for davoceticept was initiated with two
phase I, open-label dose-escalation trials: a first-in-human
study of davoceticept monotherapy (NEON-1) and a
study of davoceticept in combination with pembroli-
zumab (NEON-2). The consideration of a PD-1 inhibitor
combination with davoceticept was of particular interest
because PD-1 inhibition leads to PD-L1 upregulation,”°
potentially synergizing with davoceticept’s PD-L1-
dependent co-stimulatory mechanism; and in preclinical
models, the combination of davoceticept and anti-PD-1
inhibited tumor growth to a greater extent than either
agent alone.”

METHODS
Study design (brief)
NEON-1 and NEON-2 were multicenter, open-label, phase
I trials that enrolled patients at 10 and 5 sites, respectively.
NEON-1 dose escalation was conducted in the USA and
Australia and enrolled patients between June 2020 and
January 2022; NEON-2 was initiated after the initial safety
of davoceticept monotherapy had been ascertained, was
conducted onlyin the USA, and enrolled patients between
June 2021 and October 2022. Patients were moved to
long-term follow-up after treatment in NEON-1 and
NEON-2 was terminated. Long-term follow-up for both
NEON-1 and NEON-2 was terminated in February 2023.
Both trials were designed and funded by Alpine Immune
Sciences, and were conducted in accordance with all local
legal and regulatory requirements, as well as the general
principles set forth in the International Ethical Guide-
lines for Biomedical Research Involving Human Subjects,
Guidelines for Good Clinical Practice, and the Declara-
tion of Helsinki. The names and reference/ID numbers
of the committees that approved these studies at the trial
sites are listed in the online supplemental materials. All
patients provided written informed consent. NEON-2 was
conducted in collaboration with Merck & Co (Rahway,
New Jersey, USA).

Data were collected and analyzed by the sponsor and
lead author. The manuscript was written by the lead author
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in collaboration with the Alpine development team. All
authors approved the final version of the manuscript.

Patients

Both studies enrolled adults >18 years old with patho-
logically confirmed, metastatic solid tumors, at least
one measurable lesion (as defined by RECIST v.1.1).
All patients were required to have an Eastern Coop-
erative Oncology Group performance status of 0-1,
life expectancy >3 months and adequate hematologic,
renal, hepatic, and cardiac function. Patients enrolled in
NEON-1 dose escalation had locally advanced or meta-
static unresectable solid tumors that were refractory or
resistant to standard therapy (including immune check-
point inhibitors (ICIs), if approved and available) or for
which standard or curative therapy was not available.
NEON-2 selectively enrolled patients with ICl-sensitive
advanced tumors that were eligible for treatment with
PD-(L)1 ICI, were refractory or resistant to standard
treatment, or for whom standard or curative therapy
was not available. Following the first adverse event (AE)
of Grb cardiogenic shock, the NEON-2 inclusion and
exclusion criteria were modified to exclude patients who
were at increased risk of cardiotoxicity or who harbored
significant delayed pharmacodynamic (PD) effects of
prior immunotherapies. Specifically, patients with prior
any-grade myocarditis, significant cardiovascular events
within 6 months of planned treatment administration,
clinically significant atrial and/or ventricular arrhythmias
and left ventricular ejection fraction <45% on screening
echocardiograms were excluded. The full list of inclusion
and exclusion criteria can be found in the study protocols
included in the online supplemental materials.

Interventions

In NEON-1, davoceticept was administered intravenous at
0.001 mg/kg to 10mg/kg either once weekly (QIW) or
once every 3 weeks (Q3W). In NEON-2, davoceticept was
administered intravenous at 0.1 and 0.3mg/kg QIW or
Q3W. The starting doses in NEON-2 (0.1 mg/kg QIW or
Q3W) were chosen based on the preliminary tolerability
and pharmacokinetics (PK) of davoceticept monotherapy
in NEON-1. Pembrolizumab was dosed as 400mg once
every 6 weeks. In both NEON-1 and NEON-2, patients
were treated until one of the following occurred: a dose-
limiting toxicities (DLT), an intolerable AE, confirmed
progressive disease, withdrawal of consent, or study
termination.

Endpoints

The primary endpoints for the dose escalation portions
of NEON-1 and NEON-2 were incidence of DLIT5, type,
incidence severity and seriousness of AEs per Common
Terminology Criteria for Adverse Events V.5.0 and type,
incidence, and severity of laboratory abnormalities.
Immune-related adverse events (irAEs) were defined
and managed per society and consensus criteria’ *® and
assessed by investigators. Secondary endpoints included

antitumor efficacy as assessed using RECIST V.1.1, PK,
anti-drug antibodies (ADA), and biomarkers of response
to davoceticept. The DLT period for NEON-1 was 21 days
and 42 days for patients on the QIW and Q3W schedules,
respectively. The DLT period for NEON-2 was initially 21
days, however, it was lengthened to 42 days after the first
AE of Grb cardiogenic shock.

Efficacy endpoints included overall response rate
(ORR), duration of response, disease control rate (DCR),
progression-free survival, and overall survival. NEON-1
also included a secondary endpoint of the duration of
stable disease. Efficacy was assessed every 6 weeks for the
first 6 months, then every 9 weeks until 1 year, and then
every 12 weeks thereafter.

Statistical analyses

The planned analyses for both NEON-1 and NEON-2
were descriptive, with descriptive statistics to describe
continuous variables and frequencies and percentages
to describe categorical variables. There was no statistical
inference testing planned for either study.

Antitumor activity

Antitumor activity was assessed through radiologic tumor
assessments conducted at baseline, during treatment, at
suspected disease progression, and at the time of with-
drawal from treatment. Assessment of tumor response
was per RECIST V.1.1.

PK and PD biomarkers

Details regarding davoceticept concentration determina-
tion, drug saturation, ADA assessment, and analysis are
provided in online supplemental materials (see online
supplemental methods).

Peripheral blood mononuclear cell samples were
assayed by flow cytometry for key cellular subsets and
evidence of activation including staining with Ki67, CD4,
and CD8. Peripheral blood cytokines were assessed by
multiplexed immunoassay (Myriad RBM; Austin Texas,
USA) and PD-L1 combined positive score and tumor
progression score were assessed by immunohistochem-
istry using the 22C3 antibody.

RESULTS

Patients and baseline characteristics

In total, 58 patients from 10 sites were enrolled in the
dose escalation portion of NEON-1. Patients received
davoceticept QIW at 0.001mg/kg (n=1), 0.01mg/
kg (n=2), 0.1mg/kg (n=4), 0.3mg/kg (n=6), 1mg/
kg (n=3) and 3mg/kg (n=4); and davoceticept Q3W at
0.3mg/kg (n=3), Img/kg (n=11), 3mg/kg (n=15) and
10mg/kg (n=9) (online supplemental figure 1A). Three
patients enrolled initially in the davoceticept 0.3 mg/kg
QIW cohort were escalated to 1 mg/kg QIW after initial
demonstration of tolerability, as allowed per-protocol. A
total of 29 patients from five sites were enrolled in the
NEON-2 study. Cohorts were enrolled as follows: Q1W,
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Figure 1 Pharmacokinetics and drug saturation in the NEON studies pharmacokinetics of davoceticept during monotherapy
(NEON-1, solid lines) and pembrolizumab combination (NEON-2, dashed lines) by dose (®, 0.1 mg/kg davoceticept; ®, 0.3mg/
kg davoceticept) and regimen; once weekly, Q1W (A) and once every 3 weeks, Q3W (B); dose-dependent drug saturation in
NEON-1 (C) and NEON-2 (D). Drug saturation of CD28 on circulating CD4+T cells by davoceticept was determined by flow
cytometry pre-dose and following infusion using an antibody specific for davoceticept bound to CD28. Per cent saturation was
calculated using a ratio of test article to saturated control and normalized to cycle 1 pre-dose.

0.1mg/kg davoceticept (n=9), 0.3mg/kg davoceticept
(n=3); and Q3W regimen, 0.1mg/kg davoceticept
(n=9) and 0.3mg/kg davoceticept (n=8) (online supple-
mental figure 1B). Overall, patient disposition for studies
NEON-1 and NEON-2 is shown in online supplemental
table 1.

The demographic and clinical characteristics of
NEON-1 dose escalation and NEON-2 patients are
summarized in online supplemental table 2). Briefly, the
NEON-1 and NEON-2 patients were primarily men and
white with a median age of 60 years. The median number
of prior systemic therapies was 3, and the two most
common tumor types in patients enrolled in both studies
were colorectal cancer (NEON-1, 24%; NEON-2, 34%)
and pancreatic cancer (NEON-1, 19%; NEON-2, 10%).
NEON-1 and NEON-2 enrolled 5% and 7% of patients
with RCC, respectively. The proportion of patients with
prior PD-(L)1 exposure was 29% in NEON-1 (17/59),
and 31% in NEON-2 (9/29).

Pharmacokinetics and drug saturation

Dose-dependent increases in serum davoceticept concen-
trations were observed during davoceticept admin-
istration as monotherapy and in combination with

pembrolizumab; PK were not significantly affected by
the combination with pembrolizumab (figure 1A and
B). ADAs (as defined by study-specific titer threshold of
>1:256) were observed in 14% versus 24% of patients who
received davoceticept monotherapy versus in combina-
tion with pembrolizumab, respectively, with no evidence
of increasing ADA titer by dose. Further, there was no
clear relationship demonstrable between ADA and safety,
PK, PD, or efficacy (data not shown).

Dose-dependent drug saturation, primarily reflecting
occupancy of CD28 and as assessed via flow cytometry of
circulating CD4+T cells, was maximal at the end of infu-
sion during davoceticept monotherapy (days 1, 8, and 15
for Q1W and at day 1 for Q3W) and decreased over time
for both QIW (figure 1C) and Q3W (figure 1D) regi-
mens. Drug saturation did not appear to be significantly
affected by the combination with pembrolizumab (online
supplemental figure 2).

Safety

Table 1 displays the AE summary of davoceticept mono-

therapy and in combination with pembrolizumab.
Davoceticept monotherapy was well-tolerated overall.

TRAEs occurred in 39 patients (67%), the most common
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Table 1 Summary of adverse events in NEON-1 and
NEON-2

NEON-1 NEON-2
AE, n patients (%) n=58 n=29
Any grade TEAE 58 (100) 26 (90)
Any grade TRAE 39 (67) 18 (62)
Any AE of Interest 26 (45) 11 (38)
iIrAE 21 (36) 9 (31)
IRR 9 (16) 1(3)
Cytokine release 0 0
syndrome
Anaphylaxis 0 0
Any grade >3 TEAE 32 (55) 18 (62)
Any grade >3 TRAE 7 (12 7 (24)
Any grade >3 irAE 3 (5) 3(10)
Acute kidney injury 1 (2) 0
Cardiogenic shock 0 1(3)
Gastritis 1) 0
Immune-mediated 0 1(3)
myocarditis
Testicular pain 1@ 0
Tubulointerstitial 0 1)
nephritis
Urticaria 1@) 0

Adverse events were graded according to Common Terminology
Criteria for Adverse Events V.5.0. For administration-related
reactions, IRR was generally used unless more specific terms
(ie, cytokine release syndrome or anaphylaxis) were definitively
determined.

AE, adverse event; irAE, immune-related adverse event; IRR,
infusion-related reaction; TEAE, treatment-emergent adverse
event; TRAE, treatment-related adverse event.

of which were fatigue (17%), infusion-related reaction
(IRR) (16%), and maculopapular rash (14%) (online
supplemental table 3). IRRs were all low grade (<Gr2)
and did not require treatment discontinuation. Seven
patients (12%) experienced Gr3 TRAEs that included
acute kidney injury, testicular pain, increased alanine
aminotransferase (ALT), gastritis, increased lipase,
anemia, fatigue, diarrhea, dehydration, hypokalemia, and
urticaria (all n=1) (online supplemental table 4). irAEs
were observed in 21 patients (36%), the majority of which
were Grl or 2 and related to the skin (eg, macular rash,
maculopapular rash, urticaria) (online supplemental
table 5). In one patient with colon cancer treated with
a single dose of davoceticept (3mg/kg), a single DLT of
biopsy-confirmed Gr3 immune-related gastritis occurred,
which was treated with corticosteroids and resolved
within 8days. There were no Gr4 or 5 TRAEs following
treatment with davoceticept monotherapy.

Combined administration of davoceticeptand pembroli-
zumab was associated with an increased frequency of
Gr3+AEs (table 1). TRAEs occurred in 18 patients (62%),

the most common of which were increases in ALT,
increases in aspartate aminotransferase (AST), fatigue,
nausea, and fever (10% each) (online supplemental
table 3). Seven patients (24%) experienced Gr3+TRAEs
which included AST increase (n=2), and one each of the
following: IRR, hypotension, biopsy-confirmed tubuloint-
erstitial nephritis, cardiogenic shock (presumed to be
immune-mediated myocarditis), and biopsy-confirmed
immune-mediated myocarditis (online supplemental
table 4). The two patients with Gr3 increases in AST were
treated with corticosteroids; one was treated to resolution
after 5days and the other patient’s AST was not resolved
at the time of the last follow-up. For this latter patient,
ALT was also elevated and reported as a grade 2 TRAE.
This patient died due to clinical progression just under 3
months from the time of the reported AST/ALT increase.
The patient with Gr3 biopsy-confirmed tubulointerstitial
nephritis had been treated 22 days prior with a single
dose of 0.3mg/kg davoceticept. The AE was deemed to
be immune-related, was successfully treated with cortico-
steroids, and resolved after 3 weeks. The IRR occurred
in a patient treated with davoceticept at 0.1 mg/kg,
Q3W and presented as Gr3 dyspnea, Gr2 flank pain, and
Gr2 hypertension that began about 1.5hours following
the start of the infusion as a Gr2 event that ultimately
required hospitalization and was upgraded to a Gr3 IRR.
Treatment included oxygen and corticosteroids; the IRR
resolved within 3days. The patient with Gr4 hypoten-
sion presented with Gr2 pruritic rash, a low-grade fever,
malaise, and anuria for 2days. After being hospitalized
and initiating intravenous vancomycin, ceftriaxone,
and azithromycin, the patient became hypotensive and
required transient pressor support with norepinephrine
and vasopressin and a stress dose of steroids with hydro-
cortisone. While there was concern for possible encepha-
litis and/or urinary tract infection, no definitive etiology
of the hypotension was determined. On the subsequent
day, the patient was weaned from pressors, the blood pres-
sure stabilized without intervention, and the hypotension
was considered resolved.

irAEs were reported in 9 (34%) patients treated with
davoceticept plus pembrolizumab (online supplemental
table 5). They were generally higher in grade than those
reported during davoceticept monotherapy and included
two Grb DLI5. Briefly, the first event of cardiogenic shock
with suspected myocarditis developed in a female patient
with choroidal melanoma who had received a single dose
of davoceticept (0.3mg/kg Q3W) and pembrolizumab.
The second event of immune-mediated myocarditis
occurred in a female patient with microsatellite stable
colorectal adenocarcinoma who received one dose of
davoceticept (0.1mg/kg Q3W) plus pembrolizumab.
Analysis of cardiac tissue obtained at autopsy from the
latter patient confirmed immune-mediated myocarditis.
Both patients presented with rapidly progressive symp-
toms approximately 2 weeks after their first and only dose
of study treatment. Both patients presented with fatigue
and nausea that coincided with increases in troponin-T
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and NT-pro-BNP in the former and troponin-I, BNP and
CK in the latter, but without evidence of cytokine storm.
Despite pressor support and treatment with high-dose
steroids (both patients) and mycophenolate mofetil (one
patient), both patients rapidly declined and passed away.
Further detail of both Grb cardiac irAEs is provided in the
accompanying article by Cavalcante et al, 2024. Following
the second cardiac event, further dosing and enrollment
in NEON-1 and NEON-2 were permanently discontinued.

Antitumor efficacy

Of the 58 patients treated with davoceticept monotherapy,
50 were efficacy-evaluable (figure 2). Eight patients
were not efficacy-evaluable due to a lack of on-treat-
ment imaging, and one efficacy-evaluable patient had
scans that were inadequate in quality and were therefore
considered non-eval uable (figure 2A). One (2%) patient
with PD-1 inhibitor-naive papillary RCC had a deep and
durable confirmed partial response (PR), and 25 patients
(50%) had a best overall response (BoR) of stable disease
(SD) for a DCR of 52%. Of the 25 patients with SD, 5
(10%) had SD for >180 days including one patient with
clear cell RCC (ccRCC) with SD that lasted 12.1 months
(online supplemental table 6).

Of the 29 patients treated with davoceticept in combina-
tion with pembrolizumab, 19 were efficacy-evaluable with
on-treatment imaging (figure 2A, online supplemental
figure 3). Five patients were not efficacy-evaluable as the
trial was discontinued prior to their first on-treatment
scan; an additional five patients had discontinued the trial
prior to their first on-treatment scan due to an AE (n=1),
clinical progression (n=2) or death (n=2). One patient
with PD-1-refractory ccRCC achieved a BoR of PR for an
ORR of 5% and seven (37%) patients achieved a BoR of
SD, for a DCR of 42%. Three (16%) patients achieved
SD for 2180 days including a PD-1 refractory patient with
poorly differentiated RCC with SD that lasted 8.3 months
(online supplemental figure 3). Of note, one patient with
heavily pretreated metastatic castration-resistant pros-
tate cancer demonstrated 14% tumor shrinkage that was
coincident with a decrease in circulating prostate-specific
antigen from 622 pg/L to 387pg/L after only two doses
of davoceticept (0.3mg/kg, Q3W) and pembrolizumab.

A total of five patients with RCC received davoceticept
(three as monotherapy, and two in combination with
pembrolizumab) and all had some evidence of clin-
ical benefit. The demographics and outcomes of these
patients are summarized in online supplemental table
6 and online supplemental figure 4. The confirmed PR
during davoceticept monotherapy was in a patient with
treatment-naive papillary RCC who was on treatment for
about 14 months with a maximum decrease of 66% in the
sum of the longest diameters (SLD) of the target lesions.
The confirmed PR during davoceticept in combination
with pembrolizumab was a patient with ccRCC who was on
treatment for 16.6 months, with ongoing response at the
time of study termination. This patient had been treated
with six prior lines of therapy, including two containing

PD-1 inhibitors, and had a 45% decrease in the SLD of
his target lesions. While the patients with RCC enrolled
varied by histology, prior treatments and davoceticept
dose level, all five patients had evidence of disease control
following treatment, and three (one in monotherapy,
and two in combination with pembrolizumab) were still
receiving treatment at the time of study termination.

Peripheral immune activation in patients treated with
davoceticept (NEON-1) or davoceticept+pembrolizumab
(NEON-2)

Response to anti-PD-1 therapy in melanoma and NSCLC
is associated with early on-treatment changes in prolifer-
ating CD8+T cells® *’; while response to anti-CTLA-4 is
associated with an expansion of both CD4+ and CD8+ T
cells.*' Davoceticept monotherapy was associated with
an early expansion of both CD4+ and CD8+ T cells that
peaked at day 8, as indicated by Ki67 expression (figure 3),
and by per cent change in total CD4+ and CD8+ T cells
over time (online supplemental figure 5). This observa-
tion was independent of davoceticept dose and schedule
(QIW or Q3W). Peripheral T-cell activation did not
appear to differ significantly among patients treated with
davoceticept and pembrolizumab (data not shown).

DISCUSSION

T cells are central to the antitumor immune response,
and full T-cell activation requires binding of TCR-CD3
complex to antigen (“signal 17), followed by engagement
of co-stimulatory receptors including CD28 (“signal 27).
The binding of CD28 to multiple ligands leads to tran-
scriptional and epigenetic changes in T cells, resulting
in cellular proliferation.”” Early attempts at targeting
CD28 using CD28 superagonists were associated with
severe cytokine release syndrome’; and newer agents
have sought to address the toxicity issue by selectively
targeting CD28 within the tumor microenvironment.
We hypothesized that limitations of immune checkpoint
blockade could be transcended by providing an activation
signal via CD28 while simultaneously blocking the inhib-
itory signals generated by PD-1 and CTLA-4. To mitigate
safety concerns raised by CD28 superagonism, davocet-
icept was designed to provide CD28 co-stimulation in a
PD-L1-dependent fashion with the goal of focusing CD28
activation in the tumor microenvironment (TME). As
presented here, davoceticept produced dose-dependent
CD28 drug saturation, underscoring successful CD28
targeting. Maximal drug saturation was observed at end
of infusion in both QIW and Q3W schedules across most
dose levels.

A relatively low firstin-human dose of 0.001mg/kg
davoceticept was chosen due to the potential for unex-
pected toxicity of combined PD-1 and CTLA-4 blockade
and CD28 agonism. Davoceticept monotherapy at
doses up to 10mg/kg was associated with a low inci-
dence of irAEs (36% any grade, 5% Gr3+) and a single
DLT (3mg/kg QIW dose level) that was successfully
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Figure 2 Antitumor efficacy of davoceticept monotherapy (NEON-1) or davoceticept+pembrolizumab combination (NEON-2).
Per cent change in the sum of the longest diameters during davoceticept monotherapy (NEON-1) are shown over time (panel
B) and by the best change from baseline and overall response (panel C). The PRs in NEON-1 and NEON-2 were confirmed with
repeat scans. BoR, best overall response; CR, complete response; DCR, disease control rate; ORR, objective response rate;
PD, progressive disease; PR, partial response; Q1W, once weekly; Q3W, once every 3 weeks; SD, stable disease; SLD, sum of

the longest diameters.

treated with resolution. It is noteworthy that at very
high doses in monotherapy (10mg/kg), no irAEs were
observed, suggesting that no significant systemic CTLA-4
blockade was occurring at these doses. The incidence of
Gr3+treatmentrelated toxicity was greater with davocet-
icept+pembrolizumab combination (62% Gr3+TRAEs,

10% Gr3+irAE) compared with davoceticept mono-
therapy, although the toxicity incidence (ie, Gr3+irAEs)
appeared lower than in phase 3 trials of dual PD-1/
CTLA-4 inhibition with nivolumab/ipilimumab in mela-
noma (58%), NSCLC (33%) and RCC (22%)* **** and in
a meta-analysis.*” Notably, no instances of severe cytokine
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Figure 3 Peripheral T-cell modulation in patients who received davoceticept monotherapy (NEON-1). Flow cytometric analyses
of Ki67+CD4+ (A, B) and CD8+ (C, D) during treatment with davoceticept monotherapy Q1W (A, C) or Q3W (B, D). **p=0.0005,
**p=0.0017, *p=0.0313, not significant (ns). Error bars indicate stable disease where applicable. Q1W, once weekly; Q3W, once

every 3 weeks.

release syndrome were observed during any administra-
tion of davoceticept either singly or in combination with
pembrolizumab.

Data from preclinical models of cancer suggests that
PD-1 and CTLA-4 functionally interact to restrain T-cell
activation, and dual PD-1/CTLA-4 blockade permits
development of fulminant myocarditis in genetically
predisposed hosts.*® ¥ CD28 engagement lowers the
TCR activation threshold by modulating TCR signaling
downstream of the receptor.®® In this context, one may
speculate that the addition of pembrolizumab to davocet-
icept augments T-cell signaling due to pembrolizumab-
mediated upregulation of PD-LI, increasing the
potential for davoceticept-mediated CD28 co-stimula-
tion over transendocytosis of CD80 by CTLA-4; and/or
pembrolizumab-mediated inhibition of PD-L2 resulting
in increased T-cell proliferation and IFN-y production.” *
Overall, these effects may have resulted in unrestrained
activation of antigen-experienced T cells in predisposed

hosts, resulting in undesirable irAEs. The afore-noted
cardiac toxicities prompted study discontinuation in all
patients, including those with apparent ongoing anti-
tumor responses.

Similar to observations with anti-CTLA- and anti-
PD-1,” ¥ response to davoceticept was associated with
early increases in CD4+ and CD8+ T cells that were inde-
pendent of dose and schedule. Davoceticept monotherapy
resulted in a deep and durable confirmed PR in a patient
with PD-1 naive papillary RCC, and a BoR of SD in two
patients with ccRCC. The two patients with ccRCC were
PD-I-experienced and one had confirmed SD lasting more
than 8 months. Davoceticept and pembrolizumab combi-
nation resulted in a confirmed PR in a patient with ccRCC,
and durable SD in a separate patient with poorly differen-
tiated RCC. The efficacy in RCC was seen in both ¢ccRCC
and non-ccRCC subtypes, and in both PD-1 experienced
and PD-I naive patients (online supplemental figure 3A,B),
(online supplemental table 6). Overall, the antitumor

4:,41 42
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efficacy observed with davoceticept monotherapy (ORR
2%, DCR 52%) and in combination with pembrolizumab
(ORR 5%, DCR 42%) was modest.

Tumor antigen-selective CD28 bispecifics, such as the
anti-PSMAxCD28  bispecific ~ co-stimulatory  antibody
(REGN5678), are currently in development.”' * Like davo-
ceticept, they are designed to decouple efficacy from toxicity
by agonizing CD28 on antigen-experienced T cells in the
TME. In preclinical models, this results in T-cell co-stimu-
lation, natural killer cell-dependent elimination of PD-L1-
expressing tumor cells, and activated tissue-resident memory
CD8+T cells.” ** Early reports suggested that the combina-
tion of REGN5678 and the PD-1 inhibitor, cemiplimab, was
clinically active with a similar incidence of Gr3+irAEsto what
was observed with the davoceticept and pembrolizumab
combination.” Strikingly, it was subsequently reported that
the REGN5678 and cemiplimab combination was associated
with two immune-mediated Grb events in a trial of advanced
prostate cancer that resulted in a study halt and a redesign
focused on evaluating REGNbH678 along with lower doses of
cemiplimab.”® Taken together, these findings suggest that
stimulation of CD28 in the context of PD-1 blockade may be
challenging until there is further understanding of how and
where these molecules lead to untoward immune activation
(ie, TME, lymph nodes, cardiac tissue), as well as what might
render certain patients more susceptible to the development
of severe irAEs.

In summary, the preliminary antitumor activity observed
during davoceticept treatment, alone or in combination
with pembrolizumab, underscores the potential value of
pursuing CD28 co-stimulation strategies, particularly in RCC,
to promote antitumor immunity. This finding is supported
by in vitro experiments showing that CD28 co-stimulation
can restore the metabolism and function of CD8+ tumor
infiltrating-lymphocytes isolated from RCC tumors.”* Given
the toxicity profile of davoceticept and pembrolizumab,
future development efforts for davoceticept, and perhaps
other CD28 agonists, should preferably for now exclude
anti-PD-1 inhibitors and should be conducted with care-
fully designed clinical trials that include protocols for the
early detection and rapid management of irAEs, particularly
cardiac irAFs, early after presentation.
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