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ABSTRACT

Background Ivuxolimab (PF-04518600) and utomilumab
(PF-05082566) are humanized agonistic IgG2 monoclonal
antibodies against 0X40 and 4-1BB, respectively. This
first-in-human, multicenter, open-label, phase |, dose-
escalation/dose-expansion study explored safety, tolerability,
pharmacokinetics, pharmacodynamics, and antitumor activity
of ivuxolimab-+utomilumab in patients with advanced solid
tumors.

Methods Dose-escalation: patients with advanced bladder,
gastric, or cervical cancer, melanoma, head and neck
squamous cell carcinoma, or non-small cell lung cancer
(NSCLC) who were unresponsive to available therapies, had no
standard therapy available or declined standard therapy were
enrolled into five dose cohorts: ivuxolimab (0.1-3mg/kg every
2 weeks (Q2W)) intravenously plus utomilumab (20 or 100mg
every 4 weeks (Q4W)) intravenously. Dose-expansion: patients
with melanoma (n=10) and NSCLC (n=20) who progressed on
prior anti-programmed death receptor 1/programmed death
ligand-1 and/or anti-cytotoxic T-lymphocyte-associated antigen
4 (melanoma) received ivuxolimab 30mg Q2W intravenously
plus utomilumab 20 mg Q4W intravenously. Adverse events
(AEs) were graded per National Cancer Institute Common
Terminology Criteria for Adverse Events V.4.03 and efficacy
was assessed using Response Evaluation Criteria in Solid
Tumors (RECIST) V.1.1 and immune-related RECIST (irRECIST).
Paired tumor biopsies and whole blood were collected to
assess pharmacodynamic effects and immunophenotyping.
Whole blood samples were collected longitudinally for
immunophenotyping.

Results Dose-escalation: 57 patients were enrolled; 2
(3.5%) patients with melanoma (0.3 mg/kg+20 mg and
0.3mg/kg+100 mg) achieved partial response (PR), 18
(31.6%) patients achieved stable disease (SD); the disease
control rate (DCR) was 35.1% across all dose levels.
Dose-expansion: 30 patients were enrolled; 1 patient

with NSCLC achieved PR lasting >77 weeks. Seven of 10
patients with melanoma (70%) and 7 of 20 patients with
NSCLC (35%) achieved SD: median (range) duration of

SD was 18.9 (13.9-49.0) weeks for the melanoma cohort
versus 24.1 (14.3-77.9+) weeks for the NSCLC cohort;
DCR (NSCLC) was 40%. Grade 3—4 treatment-emergent
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= lvuxolimab (PF-04518600) and utomilumab (PF-
05082566) are human, agonistic monoclonal
antibodies (I9G2) specific for 0X40 and 4-1BB,
respectively.

= Single-agent ivuxolimab or utomilumab has demon-
strated safety and preliminary antitumor activity in
patients with solid tumors.

= This first-in-human, phase |, dose-escalation and
dose-expansion study investigated the safety, tol-
erability, pharmacokinetics, pharmacodynamics,
and antitumor activity of combination treatment
with ivuxolimab and utomilumab in patients with
advanced solid tumors.

WHAT THIS STUDY ADDS

= Ivuxolimab in combination with utomilumab was
well tolerated and demonstrated preliminary antitu-
mor activity in selected groups of patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The current study supports the further assessment
of this novel regimen in various combinational

studies.

AEs were reported in 28 (49.1%) patients versus 11
(36.7%) patients in dose-escalation and dose-expansion,
respectively. There were no grade 5 AEs deemed
attributable to treatment. lvuxolimab area under the
concentration—time curve increased in a dose-dependent
manner at 0.3—-3 mg/kg doses.

Conclusions Ivuxolimab+utomilumab was found to be
well tolerated and demonstrated preliminary antitumor
activity in selected groups of patients.

Trial registration number NCT02315066.

INTRODUCTION
Activation and expansion of tumor-specific
T cells is a therapeutic strategy to enhance
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antitumor immune responses and improve clinical
outcomes in patients with cancer.’ The tumor necrosis
factor receptor superfamily members OX40 (CD134) and
4-1BB play critical roles in T-cell activation, proliferation,
and survival; therefore, they represent important pathways
in the development of novel cancer immunotherapies.”*
In lymphocytes, OX40 is preferentially expressed on CD4+
T cells versus CD8+ T cells, whereas 4-1BB is expressed to
a greater extent on CD8+ than CD4+ T cells.®® In preclin-
ical tumor models, including melanoma, dual co-stimula-
tion through OX40 and 4-1BB has been shown to induce
clonal expansion of CD4+ andCD8+ T cells, as well as
increased cytokine secretion (ie, interferon-y and tumor
necrosis factor-a), and cytotoxicity, of T cells."”

Ivuxolimab (PF-04518600) and utomilumab (PF-
05082566) are human, agonistic monoclonal antibodies
(IgG2) specific for OX40 and 4-1BB, respectively.” ’
Agonistic engagement of OX40 by ivuxolimab resulted
in T-cell proliferation and cytokine secretion as well
as tumor growth inhibition in preclinical models.” The
4-1BB binding by utomilumab induced nuclear factor
kappa B activation with downstream cytokine production,
lymphocyte proliferation, and antitumor responses in
human xenograft tumor models.” Furthermore, ivuxo-
limab and utomilumab combination treatment resulted
in T-cell expansion and tumor growth inhibition in a
preclinical colorectal tumor model.**

AphaseIstudyof single-agentivuxolimabin patientswith
advanced solid tumors showed no dose-limiting toxicities
(DLTs) at the dose levels evaluated. Furthermore, single-
agent ivuxolimab induced T-cell clonal expansion in the
peripheral blood and demonstrated dose-proportional
exposure and preliminary antitumor activity in patients
with hepatocellular carcinoma or melanoma, suggesting
its suitability for combination with other cancer immuno-
therapies."* Administration of single-agent utomilumab
in patients with a wide range of advanced malignancies
has demonstrated a tolerable safety profile with no DLTs,
mostly grade 1-2 adverse events (AEs), no clinically signif-
icant hepatotoxicity (observed with another anti-4-1BB
antibody, urelumab''), and preliminary antitumor activity
against Merkel cell carcinoma and advanced solid tumors
of gastrointestinal origin."’

In a phase Ib study, utomilumab in combination with
the anti-programmed death receptor 1 (PD-1) anti-
body pembrolizumab was not associated with DLTs and
induced durable antitumor responses in patients with
advanced non-small cell lung cancer (NSCLC), small
cell lung cancer, anaplastic thyroid carcinoma, renal cell
carcinoma, and squamous cell carcinoma of the head
and neck (HNSCC).? In addition, utomilumab in combi-
nation with the anti-CD20 antibody rituximab demon-
strated a favorable safety profile and clinical activity in
patients with treatmentresistant/refractory CD20+ non-
Hodgkin’s lymphoma.”® No increased or unexpected
AEs were reported with utomilumab in combination
with either pembrolizumab or rituximab compared with
single-agent administration.” *°

In this firstin-human, phase I, dose-escalation and
dose-expansion study, we investigated the safety, tolera-
bility, pharmacokinetics (PK), pharmacodynamics, and
antitumor activity of ivuxolimab in combination with
utomilumab in patients with advanced solid tumors. In
the dose-expansion part of the study, safety and clinical
activity of this novel antibody combination were evaluated
in two cohorts of previously treated patients with malig-
nant melanoma or advanced NSCLC, including patients
who had received prior immune checkpoint inhibitor
therapy (ie, anti-PD-1/PD ligand 1 (PD-L1) with or
without anti-cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4)) antibodies).

PATIENTS AND METHODS

Study design and treatment

In this multicenter, open-label, multiple-dose, phase I
study, we investigated ivuxolimab in combination with
utomilumab in patients with advanced solid tumors (part
B), following initial assessment of single-agent ivuxo-
limab (part A), as previously reported.'* Briefly, in the
dose-escalation portion of Part A, initial cohorts of two
to four patients per dose group (0.01, 0.1, 0.3, 1.5, 3,
and 10mg/kg) were enrolled, with a staggered start, to
evaluate DLTs."* Once the DLT period for a given dose
level was completed for the last enrolled patient and the
next higher dose level was opened, it could have been
expanded to approximately 10 patients to create a tumor
biopsy backfill cohort for pharmacodynamic evaluation.'*

Part B included dose-escalation and dose-expansion
portions. Primary objectives of dose-escalation were
to assess safety and tolerability, and to estimate the
maximum tolerated doses (MTD) for the combination.
Sequential, predefined dose levels of ivuxolimab (0.1,
0.3, 1.0, and 3mg/kg) administered intravenously every 2
weeks (Q2W) were evaluated in combination with 20 mg
or 100mg of utomilumab intravenously every 4 weeks
(Q4W) in adult patients with advanced bladder, gastric,
or cervical cancer, melanoma (ocular, mucosal, or cuta-
neous), HNSCC, or NSCLC who were unresponsive to
available therapies or for whom no standard therapy was
available.

Primary objectives in dose expansion were to further
assess safety and tolerability, and to determine the recom-
mended phase 2 dose for the combination in patients
with advanced melanoma or NSCLC. Based on the results
obtained in dose escalation, the dose selected for the
ivuxolimab/utomilumab expansion cohorts was ivuxo-
limab 30mg (a flat dose equivalent to 0.3mg/kg) intra-
venously Q2W in combination with utomilumab 20 mg
intravenously Q4W. When both antibodies were given on
the same day, ivuxolimab was administered at least 30 min
after completing the utomilumab infusion. Patients
received study drugs until disease progression, intoler-
able toxicity, or withdrawal of consent.

Secondary objectives were to characterize PK, immuno-
genicity, and preliminary antitumor activity of ivuxolimab
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in combination with utomilumab. Pharmacodynamic
evaluations (ie, immunomodulatory effects in peripheral
blood and tumor tissues) were included as exploratory
objectives.

Patients

Adult patients eligible for the dose-escalation portion
of the study had advanced NSCLC; HNSCC; cutaneous,
mucosal, or ocular melanoma; urothelial cell carcinoma;
gastric cancer; or squamous cell carcinoma of the uterine
cervix and had progressed on or were intolerant to stan-
dard therapy. Eligibility criteria for patients included in
the melanoma or NSCLC dose-expansion portion (with
locally advanced/metastatic disease) included (a) ocular
melanoma or (b) cutaneous/acral or mucosal melanoma,
or (c¢) NSCLC with disease progression following prior
treatment with immune checkpoint inhibitors (ie, anti-
PD-1/PD-L1 and/or anti-CTLA-4 antibodies). Patients
had to have measurable disease by Response Evaluation
Criteria in Solid Tumors (RECIST) V.1.1; Eastern Coop-
erative Oncology Group performance status 0-1; and
adequate bone marrow, renal, and hepatic functions.

Patients were notincluded in the study if they had known
symptomatic brain metastases requiring systemic cortico-
steroid therapy; however, they were eligible if they had
discontinued corticosteroid treatment for >4 weeks and
were neurologically stable. Furthermore, patients were
not enrolled if they had a history of active autoimmune
disorders; an active bacterial, fungal, or viral infection;
bleeding esophageal or gastric varices within 2 months of
study enrollment; or unmanageable ascites. Patients were
also excluded if they had undergone major surgery or had
received radiation or systemic anticancer therapy within
4 weeks of enrollment; had clinically significant cardiac
disease; had a history of grade >3 immune-mediated AEs
related to prior immunomodulatory therapy (ie, immune
checkpoint inhibitors); or required systemic immunosup-
pressive therapy (ie, 210mg of prednisone or equivalent
(21.5mg of dexamethasone)) at the time of study entry.
Prior treatment with an OX40 or 4-1BB agonist was not
allowed.

The study followed the Declaration of Helsinki and
the International Conference on Harmonization Good
Clinical Practice guidelines. The study was sponsored by
Pfizer (registered at ClinicalTrials.gov).

Assessments
Safety and DLT
AEs were collected and characterized by type, frequency,
timing, seriousness, and relationship to study treatment.
The severity of the AEs occurring in treated patients
was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events V.4.03.
Any of the following AEs occurring in the first two treat-
ment cycles (28 days) was classified as DLT, unless related
to the underlying disease or to disease progression: grade
4 neutropenia lasting >7 days, febrile neutropenia, grade
>3 neutropenic infection, grade >3 thrombocytopenia

with clinically significant bleeding, grade 4 thrombocyto-
penia, grade 4 anemia, grade 3 anemia related to hemo-
lysis or autoimmune disease, and grade >3 maximally
treated non-hematologic AEs (ie, nausea, vomiting, diar-
rhea) or grade >3 manageable, non-hematologic toxici-
ties considered clinically significant (including cytokine
release syndrome and infusion or allergic reactions).
Immune-related AEs that occurred from day 29 to day 98
of assessment and met DLT criteria were considered late,
immune-related DLTs.

PK and immunogenicity

Blood samples for PK analyses were collected at protocol-
defined time points: day 1 (pre-dose and 1, 4, and 24
hours post-dose) and day 8 (pre-dose) in cycle 1, day 1 in
cycle 2 (pre-dose and 1 hour post-dose), days 1 (pre-dose
and 1 hour post-dose) and 8 (pre-dose) in cycle 3, day 1
(pre-dose and 1hour post-dose) in cycles 4-6, day 1 in
cycle 7 (pre-dose), and day 1 (pre-dose) of every other
cycle thereafter. Blood samples were evaluated using vali-
dated electrochemiluminescence methods. Serum PK
parameters were estimated using non-compartmental
analysis.

Levels of anti-drug antibody (ADA) and neutralizing
antibodies (NAb) against study drugs were determined
in samples collected from treated patients at protocol-
predefined time points, using a validated electrochemi-
luminescence assay and a cell-based assay, respectively.'’

Antitumor activity

Objective tumor responses were assessed every 6 weeks in
dose-escalation and every 8 weeks in dose-expansion, for
24 weeks, and then every 12 weeks until confirmed disease
progression as determined using RECIST V.1.1 and
immune-related RECIST (irRECIST).?” %8 Responses and
disease progression by irRECIST were confirmed at least 4
weeks after first documentation. Responses were summa-
rized in terms of best overall response (BOR), duration of
response, time to progression and progression.

Tumor immunohistochemistry

Paired biopsy samples were collected from patients at
baseline and at cycle 4 day 1. The 4pm slides (formalin-
fixed paraffin-embedded, stained tissue sections) were
stained with an anti-CD4 antibody from Leica, clone NCL-
L-CD4-368; anti-CD8 antibody from Dako, clone M7103;
anti-FOXP3 antibody from Abcam, clone ab20034; and
anti-OX40 antibody from BD Bioscience, 555836. Tissues
were analyzed for expression of CD4, CD8, FOXP3, and
0OX40 (in dose-escalation portion) or CD8 and OX40 (in
dose-expansion portion) by automated image analysis,
(Flagship automated tissue analysis CellMap0.8 software)
using an algorithm developed and validated at Flagship
Biosciences (Westminster, Colorado, USA).

Statistical analyses

A modified toxicity probability interval method, targeting
a DLT rate of 25%, with an acceptable DLT interval of
20%-30%, was used for dose escalation. The estimated
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MTD was the highest tested combination dose level asso-
ciated with a mean DLT rate <0.25 in at least nine DLT-
evaluable patients.

Objective response was summarized with objective
response rate (ORR) and exact, two-sided 95% CI. Time-
to-event endpoints (ie, median progression-free survival)
were analyzed with the Kaplan-Meier method and
presented with 95% Cls.

Patient involvement statement
There were no funds or time allocated for patient and
public involvement, so we were unable to involve patients.

RESULTS

Patients

Patient demographic and baseline characteristics are
summarized in table 1 for all patients on study. In the
dose-escalation portion of the study, 57 patients received
escalating intravenous doses of ivuxolimab (mg/kg) plus
utomilumab (20 or 100mg) in five subsequent cohorts:
0.1420 (n=11); 0.3+20 (n=12); 0.3+100 (n=12); 1+100
(n=11);and 3+100 (n=11) (cut-offdate: November25,2019).
Patients enrolled in the dose-escalation portion had malig-
nant melanoma (31.6%, including 4 (7%) patients with
ocular melanoma) or advanced HNSCC (21.1%), gastric
cancer (15.8%), urothelial cancer (12.3%), or cervical

Table 1 Patient demographic and baseline characteristics

Ivuxolimab+utomilumab

Dose escalation n=57

Dose expansion n=30

Male : female, n (%)

30 (52.6) : 27 (47.4)

20 (66.7) : 10 (33.3)

Age, mean (range), years 60.9 (22-85) 61.8 (41-76)
>65 years of age, n (%) 25 (43.9) 13 (43.3)
Race, n (%)
White 42 (73.7) 20 (66.7)
Black 0 1(3.3
Asian 11 (19.3) 4 (13.3)
Other 4 (7.0) 3(10.0)
Unspecified 0 2 (6.7)
ECOG PS, n (%)
0 31 (54.4) 12 (40.0)
1 25 (43.9) 18 (60.0)
Not reported 1(1.8) 0
Primary cancer diagnosis, n (%)
Bladder cancer 7(12.3) 0
Cervical cancer 5(8.8) 0
Gastric cancer 9(15.8) 0
HNSCC 12 (21.1) 0
Melanoma 18 (31.6)* 10 (33.3)1
NSCLC 6 (10.5) 20 (66.7)
Prior systemic anticancer therapies
Yes, n (%) 54 (94.7) 29 (96.7)
No, n (%) 3 (5.3) 1(3.3
No. of prior therapies, mean (range) 4 (1-11) 4 (1-11)
Prior anti-CTLA-4 therapy, n (%) 17 (29.8) 5(16.7)
Prior anti-PD-1 therapy, n (%) 30 (52.6) 27 (90.0)
Prior anti-PD-L1 therapy, n (%) 6 (10.5) 4 (13.3)
Prior chemotherapy, n (%) 38 (66.7) 19 (63.3)

*Four patients in dose escalation had ocular melanoma.

TIncludes one patient with choroidal melanoma and one patient with mucosal melanoma in dose expansion.
CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ECOG PS, Eastern Cooperative Oncology Group performance status; HNSCC, head
and neck squamous cell carcinoma; NSCLC, non-small cell lung cancer; PD-1, programmed death receptor 1; PD-L1, programmed death-

ligand 1.
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cancer (8.8%) as primary tumor diagnosis. In the two dose-
expansion cohorts, 20 patients with advanced NSCLC and
10 patients with malignant melanoma (including 1 patient
with choroidal melanoma and 1 patient with mucosal mela-
noma) received intravenous ivuxolimab 30 mg plus utomi-
lumab 20 mg (flat doses).

Most patients (94.7%, dose escalation; 96.7%, dose
expansion) had received multiple lines of prior systemic
anticancer therapy, including anti-CTLA-4, anti-PD-1,
or anti-PD-L1 antibodies in the adjuvant or advanced
disease setting (table 1, figure 1). Of the 30 patients with
melanoma or NSCLC in the dose-expansion cohorts, 27
(90%) had been previously treated with an anti-PD-1 anti-
body, and 5 of 10 (50%) patients with melanoma had also
received an anti-CTLA-4 antibody.

Safety and DLT

In the dose-escalation portion of the study, grade 1-2 all-
causality AEs (AEs of any causality) occurred in 23/57
(40.4%) patients and grade 3-4 AEs in 28/57 (49.1%)
patients. Grade 5 events were reported in 6/57 (10.5%)
patients due to disease progression (n=5) or euthanasia
(n=1) (online supplemental table S1). Four (7%) of 57
patients discontinued treatment due to all-causality AEs:
disease-related grade 3 pain in extremity, disease-related
grade 4 hepatobiliary disorder, treatment-related grade 3
infusion-related reaction, and grade 4 colon perforation
of unknown causality. In the dose-expansion portion of
the study, 14/30 (46.7%) of patients had grade 1-2 all-
causality AEs, and 11/30 (36.7%) grade 3—4 all-causality
AEs. Five (16.7%) patients died on study due to all-
causality AEs of: disease progression (n=2), pulmonary
embolism (n=1), myocardial infarction (n=1), or seizure
(n=1).

No DLTs were observed at the dose levels evaluated in
either portion of the study (ivuxolimab <3mg/kg Q2W
plus utomilumab 100mg Q4W). Administration of ivux-
olimab in combination with utomilumab was generally
associated with a favorable safety profile in both the
dose-escalation and dose-expansion portions; most of the
treatment-related AEs were grade 1-2 (table 2).

The most common treatmentrelated AEs, observed in
210% of patients in the dose-expansion cohorts, consisted
of pruritus (20%), fatigue (13.3%), anemia (13.3%),
decreased appetite (10%), and rash (10%) (table 2). One
patient each developed grade 3 treatmentrelated AEs of
lymphopenia, rash, pustular rash, immune-related rash
erythematosus, and maculopapular rash. One patient
with melanoma had an asymptomatic, grade 4 treatment-
related and immune-related AE of increased lipase levels
in cycle 5, which resolved with no change in study treat-
ment. Other treatmentrelated AEs considered immune-
related (grades 1-2) are listed in the footnote of table 2.
None of the patients experienced a treatmentrelated
serious AE or a treatmentrelated grade 5 AE.

In the dose-expansion cohorts, 2 (6.7%) patients discon-
tinued study treatment due to an AE (grade 2 rash in a
patient with melanoma and grade 3 diffuse left chest wall

pain in a patient with NSCLC). Treatment interruptions
due to treatmentrelated AEs were reported in 5 (16.7%)
patients due to grade 3 rash (rash erythematosus, macu-
lopapular rash, or rash) and grade 2 fatigue or elevation
in alanine aminotransferase (n=1each).

PK

PK and immunogenicity samples were collected from all
87 patients enrolled in dose escalation and dose expan-
sion. Mean serum concentration profiles of ivuxolimab
on cycle 1day 1 (C1D1) and C3D1 are presented in online
supplemental figure S1. Ivuxolimab PK parameters for
CIDI and C3D1 are summarized in online supplemental
table S2. Following escalating intravenous doses of ivux-
olimab administered in combination with utomilumab,
ivuxolimab area under the concentration—time curve
(AUC,) appeared to increase in a dose-dependent manner
for the 0.3 mg/kg-3 mg/kg dose range. Dose-normalized
AUC, (AUC_, ) was lower at 0.1 mg/kg, consistent with
that observed following ivuxolimab monotherapy in Part
A, which may be in part due to target-mediated drug
disposition. The variability (CV%) for AUC_ = between
the weight-based dosing group (0.3 mg/kg+100mg) and
flat dosing group (30mg+20mg) was similar. Accumula-
tion ratio of ivuxolimab based on AUC,_ ranged between
1.4 and 1.8 across the dose ranges studied, consistent with
data from Part A monotherapy.

Utomilumab PK parameters summarized for C1D1 and
C3D1 are presented in online supplemental table S3.
AUC_, values of utomilumab following a single (C1D1)
combination dosing with escalating doses of ivuxolimab
appeared to be relatively similar, except for the group
co-administrated with ivuxolimab 0.1 mg/kg. Following
multiple-dose co-administration of utomilumab with esca-
lating doses of ivuxolimab, AUC_ “values of utomilumab
exhibited relatively high variability, possibly due to the
formation of ADA in some patients.

Immunogenicity

Assessment of ADA and NAb against ivuxolimab
included 85 patients, of which there were 26 (30.6%)
with treatmentinduced ADA, 2 (2.4%) patients with
treatment-boosted ADA, and 2 (2.4%) patients with NAb
against ivuxolimab (both treatment-induced). Of the 28
patients with ADA against ivuxolimab, ADA responses in
19 (67.9%) patients were transient. Most ADA responses
occurred at dose levels <0.3mg/kg and 30 mg; there was
a trend of lower rates of post-baseline ADA positivity with
increasing ivuxolimab dose. The correlation between
ivuxolimab C, . and immunogenicity status is presented
in online supplemental figure S2.

The assessment of ADA and NAb against utomilumab
included 80 patients; in 49 (61.3%) of these 80 patients
ADA were induced post-treatment, in 5 (6.3%) patients
ADA were pre-existent and boosted post-treatment. In 46
(57.5%) of the 80 patients NAb against utomilumab were
detected (45 treatment-induced NAb and 1 treatment-
boosted NAb). Most (64.8%) ADA responses were not
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Figure 1 Waterfall plot of tumor size change from baseline (best response) by RECIST. Dashed horizontal reference lines
at 20% and -30% indicate the thresholds for RECIST V.1.1-defined objective progression and partial response, respectively.
(A) Dose escalation and (B) dose expansion. CTLA-4, cytotoxic T-lymphocyte-associated protein 4; HNSCC, head and neck
squamous cell carcinoma; NSCLC, non-small cell lung cancer; PD-1, programmed death receptor 1; PD-L1, PD-1 ligand 1;
RECIST, Response Evaluation Criteria in Solid Tumors; uto, utomilumab.

persistent or transient and there was a trend for lower Antitumor activity
irough in patients with ADA+ and NAb+ status (online In the dose-escalation portion, 2 (3.5%) of 57 patients,
supplemental figure S3). both with melanoma, achieved a partial response (PR), 1
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Table 2 Treatment-related adverse events reported in
>10% of patients (dose-expansion cohorts)*t

AE, n (%) Grade 1-2 Grade 3-4 Total
Any AE 18 (60.0) 5(16.7) 23 (76.7)
Pruritus 6 (20.0) 0 6 (20.0)
Anemia 4 (13.3) 0 4 (13.3)
Fatigue 4 (13.3) 0 4 (13.3)
Decreased appetite 3(10.0) 0 3(10.0)
Rash 2 (6.7) 1(3.3) 3(10.0)

*In addition, one patient each developed grade 3 treatment-related
AEs of lymphopenia, maculopapular rash, rash erythematosus,
and pustular rash. One patient experienced a grade 4, treatment-
related increase in lipase. No patient had a grade 5 treatment-
related AE.

TTreatment-related AEs considered immune-related included grade
4 increased lipase (n=1), grade 3 rash erythematosus (n=1), grade
3 maculopapular rash (n=1), grade 2 anemia (n=1), grade 2 pruritus
(n=1), grade 1 pruritus (n=3), grade 1 rash (n=2), and grade 1
maculopapular rash (n=1).

AE, adverse event.

in the 0.3mg/kg+20mg and 1 in the 0.3mg/kg+100mg
dose group (figure 1A), whereas 18 (31.6%) patients
had stable disease (SD), for a disease control rate (DCR)
of 35.1% (ie, complete response (CR)+PR+SD) across
all dose levels (table 3). Median duration of SD ranged
from 12.3 to 23.9 weeks across dose levels. There was
no difference in ORRs between RECIST and irRECIST
assessments; a higher percentage of patients had immune-
related SD (irSD) (45.6%) by irRECIST compared with
SD by RECIST (31.6%).

One of the two melanoma patients with PR in the
dose-escalation cohort had mucosal melanoma, whereas
the other had uveal melanoma. Immune checkpoint

inhibitors have low antitumor activity in these melanoma
subtypes compared with cutaneous melanoma.” The PR
in the patient with metastatic mucosal melanoma lasted
for >952days (~31 months, still on study at data cut-off)
(figure 2A). This patient had previously received combina-
tion therapy with ipilimumab and pembrolizumab followed
by single-agent pembrolizumab for advanced disease, with
BOR of PR for 9 months before progression, and thus had
very limited standard treatment options. The other patient
with melanoma with a PR had metastatic uveal melanoma
and had not previously been treated with an immune check-
point inhibitor. The ORR by RECIST in the 18 patients with
melanoma in the dose-escalation portion of the study was
11.1% (95% exact CI 1.4% to 34.7%) and DCR was 38.9%.

In the dose-expansion NSCLC cohort, one patient with
stage IV lung adenocarcinoma achieved PR, which lasted
>77 weeks (still on study at data cut-off) (figures 1B and
2B). This patient had received prior neoadjuvant chemo-
therapy with carboplatin/paclitaxel and nanoparticle
albumin paclitaxel, and nivolumab therapy for ~19 weeks
until ~10 weeks prior to start of study treatment, with a
best response of SD. The ORR by RECIST in the dose-
expansion NSCLC cohort (n=20) was 5% (95% exact CI
0.1% to 24.9%). In addition, 35% of patients with NSCLC
achieved SD as best response, for a DCR of 40% (median
duration of SD: 24.1 (range, 14.3-77.9+) weeks) (online
supplemental table S4). Eleven (55%) patients in this
NSCLC cohort had irSD by irRECIST, for an immune-
related DCR of 60.0%.

None of the 10 patients in the dose-expansion mela-
noma cohort had tumor responses, whereas 70% of
patients in this cohort achieved SD, with a median
duration of 18.9 (range, 13.9-49.0) weeks. Comparable
outcomes were observed by RECIST and irRECIST assess-
ments of best response in this cohort.

Table 3 Best overall response by RECIST

Ivuxolimab+utomilumab

Dose escalation

Dose expansion

1mg/kg 30mg

0.1 mg/kg 0.3mg/kg 0.3mg/kg +100mg 3mg/kg +20mg

+20mg n=11 +20mg n=12 +100mg n=12 n=11 +100mg n=11 N=30
CR, n (%) 0 0 0 0 0 0
PR, n (%) 0 1(8.3) 1(8.3) 0 0 1(3.3)
SD, n (%) 2(18.2) 5(41.7) 4 (33.3) 4 (36.4) 3(27.3) 14 (46.7)
PD, n (%) 6 (54.5) 4 (33.3) 5(41.7) 6 (54.5) 7 (63.6) 12 (40.0)
Not evaluable, n (%) 3(27.3) 2 (16.7) 1(8.9) 1(9.1) 1(9.1) 3(10.0)
ORR, n (%) 0 1(8.3) 1(8.3) 0 0 1(3.3)
(95% exact Cl) (0.2 to 38.5) (0.2 to 38.5) (0.1t017.2)
DCR (CR+PR+SD), n (%) 2 (18.2) 6 (50.0) 5(41.7) 4 (36.4) 3(27.3) 15 (50.0)
Duration of SD, median 14.9 12.6 23.9 15.0 12.3 24.0
(range), weeks (11.6-18.1) (5.9-138.1+)t (11.1-41.9) (10.9-18.3) (12.0-12.4) (13.9-77.94)t

*One additional patient in this dose group had indeterminate response.
TA patient with response or SD at last assessment remains on study.

Cl, confidence interval; CR, complete response; DCR, disease control rate; ORR, objective response rate; PD, progressive disease; PR, partial

response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease.
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Figure 2 Tumor size change from baseline over time, by RECIST. Lines represent individual patients. Dashed horizontal
reference lines at 20% and —-30% indicate the thresholds for RECIST V.1.1-defined objective progression and partial response,
respectively. (A) Dose escalation and (B) dose expansion. HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small
cell lung cancer; RECIST, Response Evaluation Criteria in Solid Tumors.

Assessment of immune cell populations in the tumor
Immunohistochemistry

Immunohistochemistry (IHC) assessments were performed
using tissue from seven patients. There were two patients
with a BOR or immune-related PR (irPR) included in the
analysis. The first patient was a man in his mid 70s with
ocular melanoma and history of prior radiotherapy, who
was treated with 0.3mg/kg ivuxolimab plus 100 mg utomi-
lumab and achieved PR at week 18; the second patient was a
woman in her mid 80s with cutaneous melanoma and history
of prior pembrolizumab, who was treated with 0.3mg/kg

ivuxolimab plus 100mg utomilumab. She initially had PD
and discontinued all treatment at week 6 but achieved a
delayed (unconfirmed) irPR at the next tumor assessment
5.5 months later. Consistent with the mechanism of action
of the two study drugs, expression of CD8 was markedly
increased in posttreatment tumors from both patients
with irPR, whereas no increase of CD8 was seen in five
non-responders. Similarly, expression of CD4 and FoxP3
was increased in the two patients with irPR, but not in four
patients with irSD and one with immune-related PD (irPD).
OX-40 was increased in both post-treatment tumors of two
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Figure 3 Fold-change from baseline in the percentage of immune cell types. Data are represented as the fold-change from
baseline in the percent of each immune cell type, comparing the 6 weeks sample to baseline, and grouped by BOR using
irRECIST criteria. The dashed horizontal line represents no change from baseline. One patient with baseline/on-treatment
biopsies from different tumor sites and one patient with an indeterminate BOR were excluded from graphed analyses. For
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4uM slides were stained with an anti-CD4 antibody from Leica, clone NCL-L-CD4-368; anti-CD8 antibody from Dako, clone
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overall response; ir, immune-related; PD, progressive disease; PR, partial response; RECIST, Response Evaluation Criteria in

Solid Tumors; SD, stable disease.

responders and two patients with irPD (figure 3, online
supplemental figure S4).

RNA expression analyses in tumors

Transcriptional profiles of bulk tumors confirmed upreg-
ulation of CD8 in patients with irPR. Gene ranking-based
gene set enrichment analysis (Fast Gene Set Enrichment
Analysis) on genes in order by statistics from differential
analysis of the 10 paired biopsies, using the hallmark gene
sets, indicated gene sets associated with immune activa-
tion and inflammation were among those most enriched
(higher positive normalized enrichment score (NES))
with the lowest adjusted p values (online supplemental
figure S5).

In the dose-escalation portion, differential gene expres-
sion was analyzed for 10 patients with paired biopsies
across multiple doses. Paired differential analysis adjusted
for tumor purity, estimated by Estimation of STromal and
Immune cells in MAlignant Tumor tissues using Expres-
sion data, and comparing on-treatment (6 weeks) to base-
line biopsy samples, revealed a significant upregulation of
B cell immunoglobulin-heavy and immunoglobulin-light
chain-related transcripts (online supplemental figure
S6). In unsupervised clustering of NES of hallmark gene
sets in response to treatment in each patient, the two
patients who achieved PR or delayed PR (Patients 2 and 3,

respectively), were most closely clustered, with increases
in pro-inflammatory and immune-activation pathways at 6
weeks (online supplemental figure S7). Mutation burden
at baseline was similar in patients who achieved PR or
SD compared with those with PD (online supplemental
figure S8).

In the dose-expansion portion, genome-wide RNA
expression analysis of tissue from a subset of seven
patients with NSCLC (those with an evaluable base-
line biopsy) revealed a distinctly different global gene
expression profile in the tumor from the patient with a
PR (Patient 1) compared with the tumors of the other
six patients who had objective PD or SD (online supple-
mental figure S9). Differential gene analysis of baseline
tumor from the responding patient demonstrated lower
expression of genes involved in immune-related pathways
and higher expression of genes involved with biosynthesis
as compared with the other six patients with NSCLC
who did not have response to treatment. Based on RNA
expression, the tumor from the patient with PR also
had the lowest expression of FOXP3 and OX40, but not
CD8. IHC analyses for OX40 and CD8 produced similar
findings.

No on-treatment biopsy was available from the patient
with PR; therefore, PD effects could only be evaluated

Hamid O, et al. J Immunother Cancer 2022;10:e005471. doi:10.1136/jitc-2022-005471
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for patients with SD/PD. Several patients with SD/PD
had relatively small (+13%) changes in tumor size, even
though substantial changes in CD8 expression were
observed for some of these patients. Hence, the correla-
tion between CD8 expression and time to progression
was explored. Among patients evaluable for a response,
paired biopsy analyses showed the largest increase in CD8
gene expression occurred in the patient with NSCLC who
had the longest duration of SD. This result was confirmed
by the IHC analysis of tumorous CD8 expression.

DISCUSSION

Treatment with PD-1/PD-LL1 or CTLA-4 immune check-
point inhibitors can result in long-term tumor responses
in patients with advanced solid malignancies across a
wide range of tumor types.”’”* However, primary and/
or secondary resistance to these inhibitors is observed
in a substantial proportion of patients,” ** suggesting
that novel therapies, including immunomodulatory
approaches, are needed to improve on clinical outcomes.
Combined agonistic engagement of immune co-stimula-
tory molecules expressed by T cells, such as OX40 and
4-1BB, may contribute to induce CD8+ and CD4+ T-cell
effectors, cytokine secretion (ie, interferon-y), enhanced
antitumor immune responses, and CD8+ T-cell survival,
as previously observed in preclinical studies, including
tumor models in melanoma, hepatocellular carcinoma,
and other solid tumor types.'”!

In this firstin-human study of a novel immunomod-
ulatory combination of the OX40 and 4-1BB agonistic
antibodies ivuxolimab and utomilumab, the combination
was generally associated with a tolerable safety profile
in patients with advanced solid tumors enrolled in the
dose-escalation and expansion cohorts, with no DLTs and
mostly grade 1-2 treatmentrelated AEs. The MTD was
not reached at the highest dose levels evaluated (ivux-
olimab 3mg/kg Q2W plus utomilumab 100mg Q4W).
Few (7%) patients discontinued due to an AE. These
safety and tolerability profiles are consistent with those
observed in prior single-agent studies.'’ '*

In the dose-expansion portion of this study, tumor
responses were observed in patients with malignant mela-
noma and advanced NSCLC who had received multiple
lines of prior systemic anticancer therapy, including
immune checkpoint inhibitors. Some anecdotal, though
intriguing, responses were observed in some patients
with uveal or mucosal melanoma. However, further eval-
uation in a larger number of patients is needed to better
characterize antitumor activity of this OX-40 and 4-1BB
agonistic antibody combination in advanced uveal and
mucosal melanoma.

The serum exposure of ivuxolimab and the incidence of
ADA+ and NAb+ against ivuxolimab were found to be in
the same range with those observed in ivuxolimab mono-
therapy."* The higher immunogenicity against ivaxolimab
at lower dose groups is unlikely to be associated with drug
interference with the assay, but more likely a biological

effect, which has been observed from other monoclonal
antibodies.” The serum exposure of utomilumab was
lower and more variable than that observed in utomilumab
monotherapy,'* potentially due to higher immunogenicity
in the combination therapy compared with utomilumab
monotherapy (41.8% treatmentinduced ADA and 12.7%
Nab+).'” The higher incidence of immunogenicity against
utomilumab has been observed in combination thera-
pies of utomilumab with pembrolizumab or mogamuli-
zumab.”*® Among the three patients with PR, all of them
were Nab— for ivuxolimab but Nab+ for utomilumab. The
effect of ADA on safety was assessed by evaluating hyper-
sensitivity or infusion reaction AEs. One (4%) ivuxolimab
ADA+ patient and one (2%) ivuxolimab ADA- patient
experienced infusion-related reaction; both patients were
ADA+ for utomilumab. However, the effect of immunoge-
nicity on efficacy and safety cannot be concluded due to
the small sample size.

Other OX40-targeted, combined immunomodulatory
strategies are in development for anticancer therapy,
including a PD1-Fc-OX40 ligand construct and a CTLA-4
x OX40 bispecific antibody, which can induce enhanced
immune responses in vivo.””’ These agents have demon-
strated antitumor activity in preclinical tumor models (ie,
bladder, colon, and pancreatic cancers), thus providing
further support for a potential benefit from agonistic
engagement of T-cell co-stimulatory receptors such as
0X40.

Combination of ivuxolimab or ivuxolimab/utomi-
lumab with other immunomodulatory agents, with
different mechanisms of action within the tumor immune
microenvironment, can potentially further enhance anti-
tumor activity in patients with cancer. Hence, a triple
combination of ivuxolimab, utomilumab, and the anti-
PD-L1 antibody avelumab or a double combination of
ivuxolimab (or utomilumab) and avelumab are currently
in phase I/1I trials in patients with advanced, solid malig-
nancies (NCT02554812) plus/minus radiation therapy
(NCT03217747). A combination of ivuxolimab or utomi-
lumab with avelumab is also currently in a randomized
phase II trial in patients with metastatic triple-negative
breast cancer (NCT03971409). Furthermore, as OX40
and 4-1BB co-stimulation by agonistic antibodies may
facilitate immune responses to immunogenic cancer
vaccines or Toll-like receptor (TLR) agonists,”™* an
ongoing phase II trial (NCT02554812) is evaluating ivux-
olimab or utomilumab in combination with avelumab
and the TLR9 agonist CMP-001.*

In conclusion, this firstin-human study of the combi-
nation of OX40 (ivuxolimab) plus 4-1BB (utomilumab)
agonistic antibody in patients with advanced solid tumors
demonstrated safety and preliminary antitumor activity
in selected groups of patients. Pharmacodynamic results
provide evidence supporting an active, immunomodu-
latory mechanism for ivuxolimab in combination with
utomilumab. Based on these findings, further assessment
of this regimen is currently being pursued in various
combinational studies.
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