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ABSTRACT

Background Lymphocyte-activation gene 3 (LAG-3) is an
inhibitory immunoreceptor that negatively regulates T-cell
activation. This paper presents preclinical characterization
of the LAG-3 inhibitor, ieramilimab (LAG525), and phase

| data for the treatment of patients with advanced/
metastatic solid tumors with ieramilimab +the anti-
programmed cell death-1 antibody, spartalizumab.
Methods Eligible patients had advanced/metastatic

solid tumors and progressed after, or were unsuitable for,
standard-of-care therapy, including checkpoint inhibitors in
some cases. Patients received ieramilimab +spartalizumab
across various dose-escalation schedules. The primary
objective was to assess the maximum tolerated dose
(MTD) or recommended phase Il dose (RP2D).

Results In total, 255 patients were allocated to single-
agent ieramilimab (n=134) and combination (n=121)
treatment arms. The majority (98%) had received

prior antineoplastic therapy (median, 3). Four patients
experienced dose-limiting toxicities in each treatment
arm across various dosing cohorts. No MTD was reached.
The RP2D on a 3-week schedule was declared as 400 mg
ieramilimab plus 300 mg spartalizumab and, on a 4-
week schedule (once every 4 weeks; Q4W), as 800 mg
ieramilimab plus 400 mg spartalizumab; tumor target
(LAG-3) suppression with 600 mg ieramilimab Q4W

was predicted to be similar to the Q4W, RP2D schedule.
Treatment-related adverse events (TRAES) occurred in

75 (56%) and 84 (69%) patients in the single-agent and
combination arms, respectively. Most common TRAEs were
fatigue, gastrointestinal, and skin disorders, and were of
mild severity; seven patients experienced at least one
treatment-related serious adverse event in the single-
agent (5%) and combination group (5.8%). Antitumor
activity was observed in the combination arm, with 3 (2%)
complete responses and 10 (8%) partial responses in a
mixed population of tumor types. In the combination arm,
eight patients (6.6%) experienced stable disease for 6

months or longer versus six patients (4.5%) in the single-
agent arm. Responding patients trended towards having
higher levels of immune gene expression, including CD8
and LAG3, in tumor tissue at baseline.

Conclusions leramilimab was well tolerated as
monotherapy and in combination with spartalizumab.
The toxicity profile of ieramilimab in combination with
spartalizumab was comparable to that of spartalizumab
alone. Modest antitumor activity was seen with
combination treatment.

Trial registration number NCT02460224.

INTRODUCTION
Lymphocyte-activation gene 3 (LAG-3) is an
inhibitory immunoreceptor expressed on
immune cells including activated T cells,'
Tregulatory cells,” natural killer (NK) cells,'
plasmacytoid dendritic cells,” and natural
regulatory plasma cells.! LAG-3 associates
with cluster of differentiation (CD)3 in the
T-cell receptor complex and negatively regu-
lates signal transduction, leading to reduced
T-cell proliferation and cytokine produc-
tion.” LAG-3 has high affinity for its best-
characterized ligand, major histocompatibility
complex class II (MHC-IDY; other described
ligands include galectin-3,° L-SECtin,” and
fibrinogen-like protein 1 (FGL-1).* Interac-
tion between LAG-3 and its ligands results in
inhibition of T-cell activation.' **

Sustained T-cell activation within a chronic

inflammatory  environment, including
tumors, increases LAG-3 co-expression
with  co-inhibitory receptors, including

programmed cell death-1 (PD-1)."? Sustained

BM)
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expression of these immune cell checkpoints can alter
immune responses and contribute to T-cell suppression
and subsequent immune dysfunction."  Dysregulation
of immune checkpoints is a key mechanism by which
tumors evade immune surveillance.” Blockade of LAG-3
has been shown to improve cytotoxic T-lymphocyte prolif-
eration and effector function in vivo.'” "' In addition,
independent of MHC-II, LAG-3 has been shown to asso-
ciate with the liver-secreted protein, FGI-1.% Blockade of
the FGL-1-LAG-3 interaction by monoclonal antibodies
(mAbs) suppressed tumor growth in established mouse
models, in a receptor-ligand interdependent manner.®

Data from syngeneic mouse models demonstrated
that dual LAG-3/PD-1 blockade reduced tumor growth
by increasing the proportion of effector T cells in the
tumor.'* A number of LAG-3-targeting molecules are
currently in early stages of clinical development, with
early results suggesting a modest benefit of single-agent,
anti-LAG-3 treatment, supporting the potential of combi-
nation approaches.'

Ieramilimab (LAG525) is a humanized immunoglob-
ulin 4 (IgG4) (S228P) mAb that binds to LAG-3, resulting
in inhibition of LAG-3 interaction with MHC-II mole-
cules. Spartalizumab is a humanized IgG4 anti-PD-1
(S228P) mADb, which binds to PD-1 and blocks the inter-
action between the receptor and its ligands, programmed
death-ligand 1 (PD-L1), and programmed death-ligand
2 (PD-1.2).'* Spartalizumab has shown clinical efficacy
in various malignancies, including non-small cell lung
cancer (NSCLC),"” melanoma,” anaplastic thyroid
cancer,'® neuroendocrine neoplasms,'” and nasopharyn-
geal cancer.'®

In this report, we present the preclinical character-
ization of ieramilimab and clinical data from a phase I
study investigating ieramilimab as both a single agent and
in combination with spartalizumab for the treatment of
patients with advanced/metastatic solid tumors.

METHODS

Preclinical characterization of ieramilimab

Ieramilimab is a humanized IgG4 antibody that contains
the S228 hinge-stabilizing mutation and blocks the
LAG-3-MHCHII interaction with low nanomolar affinity
(data not shown). A plate-based Meso Scale Discovery
(MSD) assay was developed to determine the ability of
ieramilimab to neutralize the interaction between plate-
bound FGL-1-His protein and biotinylated LAG-3-Fc
protein. To establish the role of ieramilimab in enhancing
cytokine secretion, naive B cells and T follicular helper
(Tth) cells were isolated from healthy human donor
peripheral blood mononuclear cells and activated with
Staphylococcal enterotoxin B (SEB) in the presence of
ieramilimab or human IgG4 isotype control; supernatants
were harvested, and cytokines were measured by MSD.
The crystal structure of a human LAG-3 (first immuno-
globulin variable domain (D1)) bound to the antigen-
binding fragment of a humanized anti-LAG-3 antibody,

ieramilimab, was determined. Detailed preclinical
methods for in vitro assays and X-ray crystallography can
be found in the online supplemental file (online only).

Study oversight

This study was performed in accordance with the Decla-
ration of Helsinki and the principles of Good Clinical
Practice and was approved by an independent ethics
committee or Institutional Review Board at each study
center. All patients provided written informed consent
before any study procedures. The study was sponsored by
Novartis Pharmaceuticals Corporation, which provided
the study drug and worked with the investigators to design
the study, collect, analyze, and interpret data.

Clinical study design
This phase I/1I, open-label, multicenter study investigated
the safety and efficacy of single-agent ieramilimab and in
combination with spartalizumab in patients with advanced
solid malignancies. Phase I consisted of two, staggered,
dose-escalation arms: single-agent ieramilimab followed
by ieramilimab in combination with spartalizumab.
Following completion of phase I, phase IT was conducted
in selected cancer indications.
Here, we present the data from phase I; data cut-off
June 1, 2020.

Study objectives

The primary objective of phase I was to estimate the
recommended phase II dose (RP2D) or maximum
tolerated dose (MTD) of both single-agent ieramilimab
and ieramilimab in combination with spartalizumab.
Key secondary objectives included characterization of
the safety and tolerability of single-agent ieramilimab
and ieramilimab in combination with spartalizumab,
assessment of pharmacokinetics (PK), and evaluation
of preliminary antitumor activity. Biomarker analysis of
pharmacodynamic effects was a key exploratory objective.

Patient population

Eligible patients for phase I were adults (=18 years)
with advanced/metastatic solid tumors who had either
progressed on, were intolerant to, or were unsuitable for
standard therapy, with an Eastern Cooperative Oncology
Group (ECOG) performance status <2. Where feasible,
patients were required to provide a new tumor biopsy at
baseline and during treatment.

Key exclusion criteria were presence of symptomatic
central nervous system (CNS) metastases or CNS metas-
tases requiring local surgery; clinically significant cardiac
disease or impairment; autoimmune disease; history of,
or current, drug-induced pneumonitis; and systemic treat-
ment with immunosuppressive medication, which could
interfere with the study drugs, other than replacement-
dose corticosteroids in the setting of adrenal insufficiency.

Drug administration
Ieramilimab and spartalizumab were administered sepa-
rately via intravenous infusions over 30 min, with at least
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a 30-min break between administration of the two anti-
bodies. Infusions for each antibody could be extended
to up to 2hours if clinically indicated, and the break
between ieramilimab and spartalizumab infusions could
be extended to up to 4hours if clinically indicated. Iera-
milimab was given first, followed by spartalizumab.

Treatment plan

The ieramilimab and spartalizumab starting doses
were both 1 mg/kg, administered via intravenous infu-
sion once every 2 weeks (Q2W). The starting doses
were determined from toxicology studies and efficacy
data of comparable checkpoint inhibitors. Initially,
ieramilimab was administered Q2W, consistent with a
schedule commonly used for other mAbs with a similar
PK profile. In the single-agent arm, patients received
ieramilimab Q2W (Img/kg, 3mg/kg, bHmg/kg,
10mg/kg, 15mg/kg, 240mg, 400 mg) or once every
4 weeks (Q4W; 3mg/kg, 5mg/kg, 10 mg/kg, 400mg).
In the combination arm, patients received iera-
milimab and spartalizumab Q2W (0.3 mg/kg/1mg/
kg, 1mg/kg/1mg/kg, 80mg/80mg, 80mg/240mg,
240mg/240mg), once every 3 weeks (Q3W;
240mg/300mg, 400 mg/300mg, 600mg/300mg) or
Q4W (80mg/240 mg, 400 mg/400 mg, 800 mg/400 mg,
1000 mg/400 mg), or ieramilimab Q2W and spar-
talizumab Q4W (80mg/400mg, 240mg/400mg,
300mg/400 mg). One cycle was defined as 28 days for
patients on a Q4W schedule and 21 days for patients
on a Q3W schedule.

Treatment continued wuntil unacceptable toxicity,
progressive disease (PD) as per immune-related response
criteria (irRC)," or patient/physician decision; guide-
lines are provided in the online supplemental file (online
only). Treatment was also discontinued if consecutive
doses (=2) were missed due to drugrelated toxicities;
study treatment could be continued beyond disease
progression for clinical benefit.

Dose-escalation decisions were based on all available
safety, dose-limiting toxicity (DLT), PK, and pharmacody-
namic data, and were guided by a Bayesian hierarchical
logistic regression model following the escalation with
overdose control principle. Dose escalation occurred
until the MTD or RP2D was determined.

Safety assessments

Safety assessments included incidence and severity of
adverse events (AEs) and serious AEs (SAEs), changes in
laboratory values, physical examination, vital signs, ECOG
performance status, and cardiac assessments. AEs were
defined by the National Cancer Institute Common Termi-
nology Criteria for Adverse Events V.4.03 and assessed
at every visit. A DLT was defined as an AE of grade >3,
suspected to be related to the study drug. The window for
DLTs was one cycle for single-agent ieramilimab (eg, 28
days for Q4W and Q2W) and two cycles for ieramilimab
and spartalizumab combination (eg, 56 days for a Q4W
schedule and 42 days for a Q3W schedule).

Response assessments

Efficacy was evaluated by local investigator assessment per
Response Evaluation Criteria In Solid Tumors (RECIST)
V.I.1 and irRC. Tumor assessments were performed at
screening (maximum 21 days before start of treatment);
every 8 weeks (+1 week) after cycle 1, day 1 until 40 weeks,
and then every 12 weeks (x1week) until disease progres-
sion per irRC, or withdrawal from the study.

Assessment of PK

Blood samples for PK assessments were collected on days
1, 2, 8, 11, and 15 in cycles 1 and 3; day 1 in cycles 2, 4,
5, and 6; and at the end of treatment. Serum concentra-
tions were determined with liquid chromatography mass
spectrometry.

Biomarker assessments

Biopsy samples were collected at screening/baseline and
between cycle 3days 1-15; some on-treatment samples
were provided during cycle 2, prior to a protocol amend-
ment aligning samples with preclinical evidence on the
timing of immune response to PD-1 blockade. Archival
tumor samples were used for biomarker assessments in a
limited number of cases.

For baseline and on-treatment samples, immune
marker expression was assessed by immunohistochem-
istry (IHC) and gene expression by RNA-based analysis
(further details can be found in the online supplemental
file, online only).

Statistical methods
To declare the MTD, the following thresholds needed to
be met: at least 6 patients treated at a given dose and a
minimum of 21 patients for the single-agent arm of the
trial or 15 patients for the combination arm. This given
dose was recommended following review of all clinical
data by Novartis and investigators.

Preclinical methodology is described in the online
supplemental material (online only).

RESULTS

Preclinical characterization of ieramilimab

Ieramilimab demonstrated binding to D1 of LAG-3
through several continuous and discontinuous sequences
covering the BC and DE loops, as well as the arginyl-
glycylaspartic acid motif (figure 1A,B). The recently
described FGL-1-LAG-3 interaction has been reported to
occur within DI and D2 of LAG-3, independent of the
MHC-II-LAG-3 interaction.® Using a novel MSD assay, we
determined that ieramilimab blocked the LAG-3-FGL-1
interaction with a half-maximal inhibitory concentration
(IC,,) of approximately 0.1nM (figure 1C). In three out
of eight healthy donors tested, in a co-culture of SEB-
stimulated Tfh cells and B cells (online supplemental
methods, online only), interferon gamma (IFN-y) secre-
tion was increased by blockade of LAG-3 with ieramilimab,
relative to IgG control (figure 1D), demonstrating a
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Preclinical characterization of ieramilimab. (A) Overall structure of ieramilimab antigen-binding fragment binding to

LAG-3. Shown are (i) the heavy and light chains of ieramilimab in surface and LAG-3 domain 1 (D1) in ribbons, (ii) the N-terminus
(N), the names of the B stands, and the C-terminus of D1 that leads to domain 2 (D2) of LAG-3, (iii) the BC and DE loops of
LAG-3 that comprise the epitope of ieramilimab, in which the RGD motif critical for binding MHC-II is shown as spheres, and

(iv) the unique ‘extra loop’ of LAG-3, which is far away from the ieramilimab epitope. (B) Detailed view of ieramilimab epitope
residues on LAG-3 (shown as sticks and labeled). (C) leramilimab blocks the binding of FGL-1 to LAG-3. (D) In three out of eight
healthy human donors assayed, ieramilimab enhances IFN-y secretion in Tfh/B cell co-cultures stimulated with SEB, relative to
hlgG4 isotype control. FGL-1, fibrinogen-like protein 1; higG4, human immunoglobulin G4; IFN, interferon; LAG-3, lymphocyte-
activation gene 3; MHC-II, major histocompatibility complex class Il; RGD, arginylglycylaspartic acid; SEB, Staphylococcal

enterotoxin B; Tfh, T follicular helper.

functional ability of ieramilimab to enhance a T-cell
response.

Patient demographics/characteristics

As of the data cut-off, June 1, 2020, 255 patients were
treated in phase I: 134 patients received single-agent
ieramilimab, either Q2W (n=107) or Q4W (n=27), and
121 patients received combination ieramilimab and
spartalizumab, either Q2W (n=29), Q3W (n=38), or
Q4W (n=31), or ieramilimab Q2W plus spartalizumab
Q4W (n=23).

Patient demographics and baseline characteristics
are shown in table 1. The median age was 59 years
(range 26-81) and 58 years (range 19-77) for the
single-agent and combination groups, respectively.
Overall, 249 (98%) patients had received prior anti-
neoplastic therapies, with a median of three prior ther-
apies, including prior checkpoint inhibitor therapy
in some cases. In the single-agent treatment group,
133 patients (99.3%) discontinued treatment due to
PD (n=117, 87.3%), patient/guardian decision (n=9,
6.7%), death (n=4, 3%), physician decision (n=2,
1.5%), and AE incidence (n=1, 0.7%). One patient

with renal cell carcinoma who received ieramilimab
monotherapy with shrinkage of target lesions switched
to combination treatment due to worsening, non-
measurable disease. In the combination treatment
group, 119 (98.3%) patients discontinued treatment
due to PD (n=89, 73.6%), physician decision (n=10,
8.3%), death (n=8,6.6%), AEs (n=6,5%), and patient/
guardian decision (n=5, 4.1%), with one (0.8%) lost to
follow-up.

Safety

AEs, regardless of study drug relationship, were observed
in 132 (98.5%) and 120 (99.2%) patients in the single-
agent and combination groups, respectively, and were
comparable between treatment arms.

The most common (>20%) AFEs experienced by the
single-agent group were fatigue (n=36, 26.9%), nausea
(n=35, 26.1%), anemia (n=33, 24.6%), constipation (n=33,
24.6%), decreased appetite (n=33, 24.6%), abdominal pain
(n=30, 22.4%), dyspnea (n=30, 22.4%), and vomiting (n=27,
20.1%). The most common (220%) AEs experienced by
the combination group were fatigue (n=44, 36.4%), nausea
(n=44, 36.4%), diarrhea (n=36, 29.8%), decreased appetite
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Table 1 Patient demographics

All phase | SA All phase | combo All phase | patients
Demographic variable patients (N=134) patients (N=121) (N=255)
Age, years
Median 59.0 58.0 58.0
Minimum-maximum 26-81 19-77 19-81
Sex, n (%)
Male 65 (48.5) 55 (45.5) 120 (47.1)
Female 69 (51.5) 66 (54.5) 135 (52.9)
ECOG performance status, n (%)
0 51 (38.1) 45 (37.2) 96 (37.6)
1 78 (58.2) 73 (60.3) 151 (59.2)
2 4 (3.0) 3(2.5) 7(2.7)
Missing 1(0.7) 0 (0) 1(0.4)
Prior antineoplastic therapies, n
Median 3.0 3.0 =
Minimum-maximum 1-11 1-14 -
Checkpoint inhibitors (Anti-CTLA-4, PD-1, or PD-L1), n (%) 51 (38.1) 22 (18.2) 73 (28.6)
Tumor type (22%), n (%)
Non-small cell lung cancer 20 (14.9) 8 (6.6) 28 (11)
Colorectal cancer 14 (10.4) 7 (5.8) 21(8.2)
Cutaneous melanoma 13 (9.7) 5(4.1) 18 (7.1)
Metastatic renal cell carcinoma 7 (5.2) 4 (3.3) 14.3)
Sarcoma 2(1.5) 12 (9.9) 14 (5.5)
Ovarian cancer 7(5.2) 7 (5.8) 14 (5.5)
Mesothelioma 2(1.5) 8 (6.6) 10 (3.9)
Bladder cancer 1(0.7) 6 (5.0) 7(2.7)
Hepatocellular carcinoma 7 (5.2) 0 7 (2.7)
Pancreatic cancer 1(0.7) 6 (5.0) 7(2.7)
Breast cancer 5(3.7) 3(2.5) 8 (3.1)
Cervical cancer 3(2.2) 2(1.7) 5(2)
Endometrial cancer 6 (4.5) 4(3.3) 10 (3.9)
Malignant neoplasm of thymus 3(2.2) 4(3.3) 7 (2.8)
Nasopharyngeal cancer 3(2.2) 5(4.1) 8 (3.1)
Neuroendocrine 3(2.2) 2(1.7) 5(2)
Non-cutaneous melanoma 3(2.2) 2(1.7) 5(2)
Prostate cancer 5(3.7) 1(0.8) 6 (2.4)
Head and neck cancer 4 (3.0) 5(4.1) 9(3.5)
Triple-negative breast cancer 0 5(4.1) 5(2)
Other* 28 (20.9) 25 (20.7) 53 (20.8)

*Other indications included: Basal cell carcinoma, cholangiocarcinoma, esophageal cancer, gallbladder cancer, gastric cancer, gastrointestinal
stromal tumor, liposarcoma, small cell lung cancer, small intestine cancer, testicular cancer, and uveal melanoma.
CTLA-4, cytotoxic T-lymphocyte-associated protein 4; ECOG, Eastern Cooperative Oncology Group; PD-1, programmed cell death-1; PD-L1,

programmed death-ligand 1; SA, single-agent.

(n=36, 29.8%), constipation (n=29, 24.0%), vomiting (n=28,
23.1%), cough (n=28, 23.1%), dyspnea (n=26, 21.5%), and
anemia (n=26, 21.5%).

Grade 3/4 AEs were observed in 75 (56.0%) and 66
(54.5%) patients in the single-agent and combination
groups, respectively.

Treatmentrelated AEs (TRAEs) of any grade were
reported in 75 (56.0%) and 84 (69.4%) patients in the
single-agent and combination groups, respectively. TRAEs
of grade 3/4 were experienced by 9 (6.7%) patients in the
single-agent group and 11 (9.1%) patients in the combi-
nation group (figure 2; online supplemental table Al,
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Single Agent

(N=134)
Fatigue 4
Nausea
Pruritus
Vomiting
Decreased appetite -
Pyrexia
Myalgia -
Diarrhea
Hypothyroidism+
Rash
Arthralgia-
Dry mouth+
ALT increased -
Amylase increased
Anemia-
AST increased
Rash maculo-papular -
Asthenia-
Stomatitis

Comparative AE profile

Combination
(N=121)

20 15 10

AEs Suspected Related to Treatment with Overall Incidence at Least 2%

Maximum Grade [JJ] Grade 1 or 2

5 0 5 10 15 20
Patients with AE (%)

Grade 3 || Grade 4

Figure 2 AEs per CTCAE V.4.03, suspected to be treatment related, with an overall incidence of at least 2% for both the
single-agent ieramilimab arm and the spartalizumab combination arm. AE, adverse event; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CTCAE, Common Terminology Criteria for Adverse Events.

online only). The most common (=10 patients) TRAEs of
any grade were fatigue (n=12, 9.0%) and nausea (n=11,
8.2%) in the single-agent group. Low grade, treatment-
related changes in thyroid function were reported in
some patients (<5%); however, no other endocrinop-
athies or immune-related AEs were reported in the
single-agent group. In the combination group, the most
common TRAEs of any grade were fatigue (n=22, 18.2%),
diarrhea (n=20, 16.5%), nausea (n=15, 12.4%), pruritus
(n=12,9.9%), and rash (n=10, 8.3%). The most common
grade 3/4 TRAEs (=3 patients) in all patients in the phase
I'study included lipase increase (n=4; 1.6%), fatigue (n=3;
1.2%), and vomiting (n=3; 1.2%; online supplemental
table Al). Immune-related TRAEs reported in the combi-
nation group included colitis, hepatitis, polyarthritis, and
hyperglycemia (diabetic ketoacidosis).

Five (4.1%) patients discontinued treatment due
to TRAEs in the combination arm; the TRAEs were
immune-related colitis and diarrhea, brain tumor edema,
pneumonitis, blurred vision, fatigue, and autoimmune
hepatitis. In addition, treatment was discontinued for one
patient in the combination arm due to grade 3 abdominal
pain associated with clinical progression. No TRAEs led
to treatment discontinuation in the single-agent arm.

SAEs, regardless of study drug relationship and of
any grade, were reported in 52 (38.8%) patients and 59
(48.8%) patients in the single-agent and combination
groups, respectively. In the single-agent group, seven
(5.2%) patients experienced at least one treatment-
related SAE (TRSAE); the most common (=1 patient)
TRSAEs were vomiting (n=3, 2.2%) and diarrhea (n=2,
1.5%). Six (4.5%) patients had a fatal SAE, one (0.7%)

of which, acute kidney injury, was considered treatment
related; this patient experienced acute kidney injury
secondary to worsening extensive tumor burden with
histologic tumor necrosis consistent with grade 4 tumor
lysis syndrome. In the combination group, seven (5.8%)
patients experienced at least one TRSAE. Seven (5.8%)
patients experienced a fatal SAE, none of which were
treatment related.

DLTs

Four (3.0%) patients experienced at least one DLT in the
single-agent ieramilimab treatment group: one patient
(0.7%) grade 4 acute kidney injury (ieramilimab 10 mg/
kg Q4W), one patient (0.7%) grade 3 intra-abdominal
fluid collection (ieramilimab 1 mg/kg Q2W), one patient
(0.7%) grade 3 lipase increase (ieramilimab 5mg/kg
Q2W), and one patient (0.7%) grade 3 vomiting (iera-
milimab 5mg/kg Q2W).

In the combination group, four (3.3%) patients experi-
enced atleastone DLT: one patient (0.8%) grade 4 autoim-
mune hepatitis and grade 3 fatigue (ieramilimab 1000 mg
Q4W+spartalizumab 400mg Q4W), one patient (0.8%)
grade 3 hyperglycemia (ieramilimab 80 mg Q2W+spartal-
izumab 400 mg Q4W), one patient (0.8%) grade 3 brain
tumor edema (ieramilimab 600mg Q3W+spartalizumab
300mg Q3W), and one patient (0.8%) grade 3 pneumo-
nitis (ieramilimab 400mg Q4W-+spartalizumab 400mg
Q4W). A MTD was not reached, similar to other phase
I trials of checkpoint inhibitors.?’ Therefore, the RP2D
was determined using a population PK/pharmacody-
namic modeling approach, coupled with a prediction for
intratumor receptor occupancy,”' to estimate 90% target
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engagement in >90% of patients. The RP2D on a Q3W
schedule was 400mg ieramilimab in combination with
300mg spartalizumab and, on a Q4W schedule, the RP2D
was 800 mg ieramilimab in combination with 400 mg spar-
talizumab. Also, the population PK/ pharmacodynamic
analysis predicted that tumor target (LAG-3) suppression
at 600 mg ieramilimab Q4W is similar to the Q4W RP2D
schedule (data on file).

PK of ieramilimab as single agent and ieramilimab in
combination with spartalizumab

For both treatment groups, following ieramilimab
treatment infusion, approximately dose-proportional
increases in ieramilimab exposure (cycle 1 area under
the plasma concentration—time curve (AUC,)) were
observed from 1 mg/kg to 15mg/kg, as suggested by an
approximate 20-fold increase in exposure with a 15-fold
increase in dose (figure 3A,B; online supplemental table
A2; online only).

Based on single-agent and combination dosing regimen
data (Q2W, Q3W, and Q4W), exposure (eg, maximum
concentration (C_ ) or AUC ) during cycle 3 was higher
compared with cycle 1, indicating moderate accumula-
tion of ieramilimab. PK variability was low-to-moderate, as

illustrated by between-subject variability (CV%), including
aC, of 13.8%-34.6% and an AUC_ of 17.3%-45.6% at
cycle 1 day 1 (N>3). The observed median effective half-
life accounting for drug accumulation (T, , ) of iera-
milimab at cycle 3 ranged from 10 to 23 days.

The PK of ieramilimab in combination with various
doses of spartalizumab were comparable to those of
single-agent ieramilimab at the same dose levels. At cycle
1, exposure of 240 mg single-agent ieramilimab Q2W was
comparable to the same dose in combination with 240 mg
spartalizamab Q2W (Geo-mean AUC_ (%CV): 477 day
pg/mL (27.8%) vs 568 day* pg/mL (35.5%); Geo-
mean C__ (%CV): 71.1pg/mL (24.2%) vs 84.8 pg/mL
(30.6%)). Exposure of 400 mg single-agent ieramilimab
Q4W was similar to the same dose in combination with
400mg spartalizumab Q4W (Geo-mean AUC_ (%CV):
1220 day*pg/mL (36%) vs 1160 day* pg/mL (13.9%);
Geo-mean C__ (%CV): 120pg/mL (31.5%) vs 121png/
mL (7.6%)).

The PK of spartalizumab in combination with different
dose levels of ieramilimab were similar to the single-agent
spartalizumab data at the same dose levels from a phase I
study.*

Schoffski P, et al. J Immunother Cancer 2022;10:e003776. doi:10.1136/jitc-2021-003776


https://dx.doi.org/10.1136/jitc-2021-003776
https://dx.doi.org/10.1136/jitc-2021-003776

Open access

3

Table 2

Investigator-assessed confirmed best overall response by Response Evaluation Criteria In Solid Tumors V.1.1

All phase | SA patients (N=134) n (%)

All phase | combo patients (N=121) n (%)

Best overall response

Complete response (CR) 3 (2.5)

Partial response (PR) 0 10 (8.3)

Stable disease (SD) 32 (23.9) 35 (28.9)

Progressive disease (PD) 82 (61.2) 55 (45.5)
Non-CR/non-PD (NCRNPD) 2(1.5) 1(0.8)

Unknown 18 (13.4) 17 (14.0)

Overall response rate (CR+PR) 90% Cl 0(0.0t02.2) 13 (10.7) (6.5 to 16.5)
Disease control rate (CR+PR+SD) 90% Cl 34 (25.4) (19.3 to 32.3) 49 (40.5) (33.0 to 48.4)

Cl, confidence interval ; SA, single-agent.

Efficacy

Median exposure was 8.07 weeks (range 2.0-116.4) and
12.57 weeks (range 2.0-218.0) in the single-agent and
combination treatment group, respectively. In the single-
agent cohort, 32 (23.9%) patients had stable disease (SD)
as investigator-assessed, confirmed best overall response
(BOR), 82 (61.2%) had PD, 2 (1.5%) had non-complete
responses (CRs) /non-PD, and 18 (13.4%) had unknown
responses (table 2), per RECIST V.1.1. Thirty-six patients
(26.9%) had SD as investigator-assessed, confirmed BOR
by irRC (online supplemental table A3, online only). Best
percentage change of preselected target lesions from
baseline is presented in online supplemental figure A3
(online only). Analysis of duration of exposure showed
that six (4.5%) patients experienced SD for 6 months or
longer (figure 4A).

In the combination group, 3 patients (2.5%) had
CRs, 10 (8.3%) had partial responses (PRs), 35 (28.9%)
showed SD, 55 (45.5%) had PD, 1 (0.8%) had a non-CR/
non-PD, and 17 (14%) had unknown responses (table 2)
per RECIST V.1.1. Of the 35 patients with SD as their
BOR, 8 (23%) had received prior anti-PD-1 or anti-
PD-L1 therapy. By irRC, 4 patients (3.3%) showed CRs,
11 patients had (9.1%) PRs, and 38 patients (31.4)
showed SD (online supplemental table A3, online only).
Responding patients had not received prior checkpoint
blockade. Best percentage change of preselected target
lesions from baseline is presented in figure 3C. Duration
of exposure analysis revealed that eight patients (6.6%)
experienced SD for 6 months or longer (figure 4B). The
three patients who had CRs had thymoma, adrenocortical
carcinoma, and triple-negative breast cancer (TNBC).
The durations of responses in responding patients are
shown in figure 4C. CT images of a patient with adreno-
cortical carcinoma who achieved a CR to treatment are
shown in online supplemental figure Al (online only).
Resolution of TNBC skin metastases after eight cycles of
treatment with ieramilimab in combination with spartali-
zumab is shown in online supplemental figure A2 (online
only).

Biomarkers

A total of 241/255 (94.5%) patients provided biopsy
samples at screening, 10 of which were archival; 110/255
(43.1%) patients provided on-treatment biopsy samples
during cycle 2 (n=35) or cycle 3 (n=74), and one was
unscheduled.

IHC and RNA sequencing data of immune-related
markers at baseline and fold changes for patients
treated with a combination of ieramilimab and spartal-
izumab are shown in figure 5A,B. Overall, responding
patients tended to have higher levels of immune gene
expression at baseline (non-statistical trend). This was
observed by IHC (CD8, LAG-3, and PD-L1), and similar
trends were observed when investigating gene (CDSA/B,
LAG3, indoleamine 2,3-dioxygenase, NK cell granule
protein 7, PDCDI (PD-1), CD274 (PD-L1), and HAVCR2
(T-cell immunoglobulin and mucin domain-containing
protein 3)) and gene signature (T cells, B cells, NK cells,
and M1 macrophages) expression by RNA sequencing.
Responding patients (CR, PR) in the combination treat-
ment group showed a higher level of T-cell inflamed®
signature expression at baseline (p value (CR/PR vs PD):
0.0154) (figure 5C). T-cell inflamed signature results at
baseline by BOR for the single-agent group are shown
in online supplemental figure A4 (online only). Patients
with tumors that exhibited stability or shrinkage tended
to upregulate inflammatory gene expression signatures
following ieramilimab and spartalizumab treatment,
suggesting that this combination treatment may lead to
enhanced T-cell activation within the tumor microenvi-
ronment (figure 5B).

DISCUSSION

Immune checkpoint blockade with anti-cytotoxic T-lym-
phocyte antigen 4 (CTLA-4) and/or anti-PD-(L)1 anti-
bodies has transformed the treatment of several cancers,
including melanoma and NSCLC, with improvements
in overall survival.?® Many patients are, however, unre-
sponsive to existing checkpoint inhibitors or develop
resistance during treatment, underscoring the need for
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Figure 4 Duration of exposure and response plots. (A) Duration of exposure in patients receiving single-agent
ieramilimab with best overall response of SD or NCRNPD, (B) Duration of exposure in patients receiving combination
ieramilimab +spartalizumab with best overall response of CR, PR or SD, (C) Duration of response in patients receiving
combination ieramilimab +spartalizumab with a best overall response of CR and PR. CR, complete response; NCRNPD,

non-complete response/non-progressive disease (the presence of

any non-target lesions or abnormal nodal lesions); PD,

progressive disease; PR, partial response; SD, stable disease; UNK, unknown.

novel immunomodulatory approaches.”* Key immune-
mediated mechanisms of resistance to checkpoint inhibi-
tors include T-cell dysfunction, marked by the enhanced
expression of co-inhibitory receptors; decreased T-cell
priming and infiltration in the tumor microenviron-
ment; suppression mediated by Tregs, myeloid-derived
suppressor cells, and soluble factors; and loss of neoanti-
gens/decreased antigen presentation. LAG-3 is an inhib-
itory receptor that is expressed in immune cells and has
been shown, with PD-(L)1, to regulate T-cell exhaustion
and inhibit an antitumor immune response.” Compensa-
tory upregulation of LAG-3 has been related to adaptive
resistance to immune checkpoint blockade,” supporting

the hypothesis that targeting LAG-3 may be a promising
therapeutic strategy to overcome immune checkpoint
blockade resistance and improve patient outcomes.

This first-in-human, dose-escalation trial demonstrated
that ieramilimab is well tolerated, both as a single agent
and in combination with spartalizumab. Low-grade
fatigue, gastrointestinal side effects, pruritus, and fever
were among the most commonly occurring TRAEs asso-
ciated with single-agent ieramilimab use. There was no
increase in incidence of immune-mediated SAEs, consis-
tent with the observation that LAG-3 deficiency alone
does not result in autoimmunity in preclinical models.*
In contrast to combination checkpoint blockade with
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anti-CTLA-4 and anti-PD-1 agents, the immune-mediated
toxicity of ieramilimab in combination with spartali-
zumab was comparable to that seen with spartalizumab
alone.'* No new safety signals were identified compared
with existing immune checkpoint inhibitor treatments.

Ieramilimab  demonstrated approximately dose-
proportional increases in exposure between the dose
range of 1-15mg/kg. Exposure of ieramilimab in combi-
nation with spartalizumab was within the range of expo-
sure for both single-agentieramilimab and spartalizumab,
indicating no apparent drug—drug interaction between
the two. Since there was no observed exposure response
for safety or efficacy, and no MTD was reached, a target
engagement receptor occupancy model was used to deter-
mine the RP2D, with the criteria of achieving 90% target
engagement in >90% of patients. Similar approaches
have been used to guide dosing of atezolizumab?®’ and
sabatolimab.”

During dose escalation in a mixed population of
advanced solid tumors, some of which had received
prior treatment with checkpoint inhibitors, antitumor
activity of single-agent ieramilimab was limited, consis-
tent with preclinical models.'” In contrast, ieramilimab

and spartalizumab combination treatment was associ-
ated with SD or tumor shrinkage, including three CRs
by RECIST and an additional CR by irRC in a patient
with cervical cancer (online supplemental table A3,
online only). While most PRs occurred in patients with
tumor types known to respond to anti-PD-1 antibodies,
antitumor activity was observed in several tumor types
where previous effectiveness of immunotherapy has not
been established in a consistent way, including adreno-
cortical carcinoma and PD-Ll-negative TNBC (online
supplemental figure A1,2).* In addition, the dura-
tion of response has exceeded 4 years in some patients,
suggesting that long-term combination therapy is toler-
able (figure 4B) and potentially augmented by LAG-3
blockade. For both ieramilimab doses at 400 mg Q3W and
800 mg Q4W, over 90% of patients were predicted to have
at least 90% target engagement. At the alternative dosing
regimen of ieramilimab 600mg Q4W, 90% of patients
were predicted to have at least 88% target engagement.
This, therefore, indicates a comparable target engage-
ment with ieramilimab doses at 600 mg Q4W and 800 mg
Q4W.
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In vitro, ieramilimab blocks the interaction between
LAG-3 and both MHC-II and FGL-1, with high affinity.
Elevated levels of FGL-1 in cancer may contribute to
suppression of activated T cells and evasion of antitumor
immunity,” however, relative contributions of disrupting
LAG-3 interactions with FGL-1 or MHC-I in patients is
unclear. Although not addressed in this study, further
translational investigation is warranted.

A large number of baseline tumor samples were
collected to explore pharmacodynamic effects and poten-
tial efficacy predictors of ieramilimab, as both a single
agent or in combination with spartalizumab. IHC and
RNA sequencing analyses suggested that tumor stability or
response following combination treatment was associated
with baseline immune-inflamed gene expression patterns
similar to the IFN-y signature associated with response
to the PD-1 inhibitor, pembrolizumab.” In patients who
received single-agent ieramilimab treatment, baseline
T-cell inflamed signatures tended to be higher in tumor
samples from those who exhibited SD (online supple-
mental figure A4C, online only). Among the hetero-
geneous tumors enrolled during the dose-escalation
portion of the study, LAG-3 expression, per se, was not a
predictive biomarker, except insofar as LAG-3 correlated
with immune-inflamed gene expression patterns overall.

Consistent with the above observations regarding base-
line immune gene expression, on-treatment biopsies
suggested that patients with tumors that responded to
ieramilimab in combination with spartalizumab demon-
strated upregulation of already high baseline CD8 or
T-cell inflamed expression levels. In several cases, however,
tumor reduction occurred in the context of relatively
immune-cold profiles at baseline, where on-treatment
biopsies demonstrated increased levels of CD8 and PD-L1
following ieramilimab and spartalizumab treatment. The
relative impact of ieramilimab on this effect is unknown
and limited by the small number of PRs in this mixed
group of tumor indications, as well as the smaller number
of available on-treatment biopsies.

Despite preclinical models demonstrating synergistic
antitumor activity with LAG-3 and PD-1 co-blockade,'
the modest antitumor activity observed in this clinical
trial in a multitumor, unselected patient population,
highlights the challenges in developing next-generation
combination immunotherapies. Although the relative
contribution of ieramilimab to antitumor efficacy could
not be determined clinically or through translational
analyses conducted in this study, a subset of patients expe-
rienced long-term clinical benefit with ieramilimab and
spartalizumab. Consistent with a potential contribution
of LAG-3 targeting, previous data on the combination of
the LAG-3 inhibitor, relatlimab, with the PD-1 inhibitor,
nivolumab, in patients with melanoma who had received
prior immunotherapy, showed objective response rates of
approximately 12%, with a disease control rate of 49% for
the doublet.” ** In the phase ITI RELATIVITY-047 study,
relatlimab, in combination with nivolumab, demon-
strated statistically significant progression-free survival

benefit (10.1 months (95% CI: 6.4 to 15.7)) compared
with nivolumab monotherapy (4.6 months (95% CI:
3.4 to 5.6), HR, 0.75 (95% CI: 0.6 to 0.9); p=0.0055) in
patients with previously untreated metastatic or unre-
sectable melanoma; this difference was likely driven by
the LAG-3 positive (21%) subgroup.” These results
further highlight the clinical potential of dual LAG-3/
PD-1 inhibition. Our phase I study showed responses to
the dual anti-LAG-3/anti-PD-1 therapy in patients with
various cancer indications, including confirmed CRs per
RECIST V.1.1, in three patients with thymoma, adreno-
cortical carcinoma, and triple-negative breast cancer, as
well as an additional CR by irRC in a patient with cervical
cancer. Furthermore, the possible contribution of anti-
LAG-3 to the durability of combination therapy response
is supported by seven patients who received ieramilimab
plus spartalizumab for over 3 years, including two of the
patients achieving CR, one patient with a CR by irRC, plus
four additional patients with mesothelioma, nasopharyn-
geal cancer, gastric cancer, and a malignant neoplasm of
unknown primary who achieved PR. These data suggest
that LAG-3 targeting may contribute to anti-PD-1 activity
in different cancers beyond melanoma. Consistent
with this, in the phase II part of our study, ieramilimab
in combination with spartalizumab elicited durable
responses not only in melanoma, but also in patients with
mesothelioma and renal-cell carcinoma who had received
prior treatment with anti-PD-(L)1 inhibitors.** The clin-
ical impact of targeting LAG-3 in combination with other
immunotherapies warrants further investigation.
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