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ABSTRACT

Background Preclinically, interleukin-15 (IL-15)
monotherapy promotes antitumor immune responses,
which are enhanced when IL-15 is used in combination
with immune checkpoint inhibitors (ICIs). This first-
in-human study investigated NIZ985, a recombinant
heterodimer comprising physiologically active IL-15 and
IL-15 receptor o, as monotherapy and in combination with
spartalizumab, an anti-programmed cell death protein-1
(anti-PD-1) monoclonal antibody, in patients with advanced
solid tumors.

Methods This phase I/Ib study had two dose-escalation
arms: single-agent NIZ985 administered subcutaneously
thrice weekly (TIW, 2 weeks on/2 weeks off) or once
weekly (QW, 3 weeks on/1 week off), and NIZ985 TIW

or QW administered subcutaneously plus spartalizumab
(400 mg intravenously every 4 weeks (Q4W)). The dose-
expansion phase investigated NIZ985 1 pg/kg TIW/
spartalizumab 400 mg Q4W in patients with anti-PD-1—
sensitive or anti-PD-1-resistant tumor types stratified
according to approved indications. The primary objectives
were the safety, tolerability, and the maximum tolerated
doses (MTDs) and/or recommended dose for expansion
(RDE) of NIZ985 for the dose-expansion phase.

Results As of February 17, 2020, 83 patients (median
age: 63 years; range: 28-85) were treated in dose
escalation (N=47; single-agent NIZ985: n=27; NIZ985/
spartalizumab n=20) and dose expansion (N=36). No
dose-limiting toxicities occurred nor was the MTD
identified. The most common treatment-related adverse
event (TRAE) was injection site reaction (primarily

grades 1-2; single-agent NIZ985: 85% (23/27)); NIZ985/
spartalizumab: 89% [50/56]). The most common grade
3-4 TRAE was decreased lymphocyte count (single-agent
NIZ985: 7% [2/27]; NIZ985/spartalizumab: 5% [3/56]). The
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Preclinical studies showed that interleukin-15 (IL-
15) triggers an immune response against different
tumor types, and the antitumor activity is enhanced
when IL-15 is used in combination with immune
checkpoint inhibitors (ICls).

= An earlier report of this first-in-human study of
single-agent NIZ985, an IL-15 and IL-15 receptor
o heterodimer, reported a favorable toxicity profile,
with induction of cytotoxic lymphocyte proliferation
and interferon-v in patients with advanced cancer.

WHAT THIS STUDY ADDS

= Here, we report final results for the first-in-human,
83-patient study that investigated NIZ985 as a sin-
gle agent and in combination with spartalizumab, an
anti-programmed cell death protein-1 (anti-PD-1)
monoclonal antibody, in advanced solid tumors.

= Both NIZ985 monotherapy and the combination of
NIZ985 with spartalizumab were well tolerated.

= The best overall response observed in the combi-
nation arm was partial response and in the single-
agent arm, stable disease.

= Preliminary antitumor activity of NIZ985 in combi-
nation with spartalizumab was observed in patients
with melanoma, gastric cancer and pancreatic
cancer.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The results of this study warrant further investiga-
tion of NIZ985 in combination with ICls for the treat-
ment of patients with various types of malignancies,
particularly anti-PD-1-resistant tumor types.

BM)

Leidner R, et al. J Immunother Cancer 2023;11:€007725. doi:10.1136/jitc-2023-007725



http://bmjopen.bmj.com/
http://orcid.org/0000-0003-0788-7938
http://orcid.org/0000-0002-4118-7524
http://orcid.org/0000-0003-1471-6723
http://orcid.org/0000-0001-6271-0831
http://orcid.org/0000-0003-0606-0648
http://orcid.org/0000-0002-4027-4036
http://orcid.org/0000-0002-7877-1580
http://dx.doi.org/10.1136/jitc-2023-007725
http://dx.doi.org/10.1136/jitc-2023-007725
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2023-007725&domain=pdf&date_stamp=2023-010-31

best overall response was stable disease in the single-agent arm (30%
(8/27)) and partial response in the NIZ985/spartalizumab arm (5% [3/56];
melanoma, pancreatic cancer, gastric cancer). In dose expansion, the
disease control rate was 45% (5/11) in the anti-PD-1-sensitive and 20%
(5/25) in the anti-PD-1-resistant tumor type cohorts. Pharmacokinetic
parameters were similar across arms. The transient increase in CD8+
Tcell and natural Killer cell proliferation and induction of several cytokines
occurred in response to the single-agent and combination treatments.
Conclusions NIZ985 was well tolerated in the single-agent and NIZ985/
spartalizumab regimens. The RDE was established at 1 pg/kg TIW.
Antitumor activity of the combination was observed against tumor types
known to have a poor response to ICIs.

Trial registration number NCT02452268.

INTRODUCTION

Activation of cytokine-driven T cells and natural killer
(NK) cells enhance the antitumor potential of these
effector cells and has been shown to be a viable thera-
peutic strategy for patients with advanced cancer.' *
Cytokines play a pivotal pleiotropic role in orchestrating
the immune system by promoting the development of
immune cells and regulating counterproductive autoim-
mune and inflammatory activity.” *

IL-15 is a pleiotropic cytokine with important biolog-
ical functions that overlap with those of IL-2 but without
the undesirable effects of IL-2, such as Treg stimulation,
severe capillary leak and activation-induced cell death.”™
The 12kDa polypeptide of IL-15 is coproduced together
with the IL-15 receptor o (IL-15Ra), forming a heterod-
imeric complex in the endoplasmic reticulum, that is
transported to the surface of antigen-presenting and
other cells, and transpresented to adjacent IL-2/IL-15By
receptor expressing immune cells, such as cytotoxic
CD8+T cells and NK cells. This leads to the initiation
of downstream signaling and the activation of immune
responses.'’" The membrane-associated extracellular
heterodimeric IL-15/IL-15Ra complex is rapidly cleaved
to generate a biologically active, stable and soluble IL-15
heterodimer (hetIL-15), which is the physiological form
of circulating IL-15 in mouse and human plasma.'' ™ In
the tumor microenvironment, IL-15 promotes the accu-
mulation of CD8+T cells by mediating their infiltration
and local proliferation.'*

Preclinically, recombinant IL-15 showed antitumor
activity that was associated with enhanced CD8+ Tcell
and NK cell activity,"” resulting in a survival benefit in
various murine cancer models.”® ' In addition, hetll-15
was shown to have rapid and indirect effects on different
myeloid cells and recruit conventional type-1 dendritic
cells to tumors (online supplemental figure 1).'* '
The antitumor activity of IL-15 was explored further in
combination with programmed cell death protein-1
(PD-1) /programmed cell death-ligand 1 (PD-L1) antag-
onist therapies to bypass immunological Checkpoints.17 8
Compared with monotherapy, the combination of IL-15
with an anti-PD-1 antibody enhanced the antitumor
immune response and prolonged survival of mice
bearing colon carcinoma xenografts.'” In non-human

primates, daily administration of IL-15 had a minimal
effect on Treg cells, led to the expansion of memory
CD8+ and CD4+ T cells and NK cells in peripheral blood,
persistently elevated plasma IL-15 levels, and resulted in
only transient toxicity. Moreover, intermittent administra-
tion improved the IL-15 toxicity profile."

Clinical manufacturing methods for recombinant IL-15
appear to impact the IL-15 toxicity profile. Administration
of recombinant IL-15 expressed in Escherichia coli by an
intravenous bolus or subcutaneous injection in patients
with advanced cancers was poorly tolerated, with chills,
fever and alterations in blood pressure reported within a
few hours of administration. Moreover, this preparation
had limited efficacy, achieving only stable disease (SD) as
the best response,” *' which could be partially explained
by the combined effect of rapid plasma clearance and
activation of immunological checkpoint responses.”’ *!
Several different formulations of recombinant IL-15 mole-
cules have subsequently been developed, including
recombinant hetlL-15 (NIZ985), which retains glycosyla-
tion and high homology to the physiologically active form
of human plasma IL-15.”#2 NIZ985 was shown to promote
CD8+ Tcell and NK cell infiltration into tumors and to
delay tumor growth in preclinical models.” ** The safety
and preliminary antitumor activity of single-agent NIZ985
administered subcutaneously thrice weekly (TIW; 2 weeks
on/2 weeks off), were first reported as part of this phase
I/Ib first-in-human study of NIZ985 in patients with meta-
static or unresectable solid tumors.* This first report
showed that subcutaneous administration of NIZ985 at
a dose of 1pg/kg using the TIW dosing schedule was
generally well tolerated and led to immune responses,
including the induction of interferon-y (IFN-y). %

Here, the final results of the previously reported
NIZ985 TIW regimen® are presented, together with
novel safety and efficacy data for a once weekly (QW)
NIZ985 regimen, as single agent and in combination with
spartalizumab, for patients with advanced malignancies.

METHODS

Study design

This open-label, phase 1/Ib study investigated the safety
and efficacy of single-agent NIZ985 and the combination
of NIZ985 and spartalizumab (NIZ985/spartalizumab)
in patients with metastatic or unresectable cancers. Two
NIZ985 dose-escalation cohorts in the single-agent and
the combination treatment arms were investigated: single-
agent NIZ985 administered subcutaneously TIW on a 2
weeks on/2 weeks off schedule and QW administered
subcutaneously on a 3 weeks on/1week off schedule and
each of the NIZ985 schedules in combination with spar-
talizumab 400mg intravenously every 4 weeks (Q4W)
(figure 1). The 3 weeks on/1week off QW schedule was
introduced to mitigate the risks associated with potential
NIZ985 toxicity due to skin toxicities/vasculitis occurring
beyond the dose-limiting toxicity (DLT) period in the TIW
schedule in order to allow for further dose escalation.
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Figure 1
dose for expansion; TIW, three times a week.

Initially, dose escalation in the single-agent NIZ985 TIW
cohort followed an accelerated design with single patient
cohorts until a grade 2 adverse event (AE) occurred, and
then switched to a standard 3+3 dose-escalation design.
Treatment was continued in the absence of DLT or other
unacceptable AEs, disease progression defined by the
immune-related Response Criteria (irRC), or patient
withdrawal. The earlier publication reported results of
single-agent NIZ985 administered TIW at 0.25, 0.5, 1,
2 and 4pg/kg.” No DLTs during the cycle 1 evaluation
period were observed; however, immune-related bullous
pemphigoid and vasculitis occurred after cycle 1 in the 2
and 4y1g/kg groups, respectively,” which led to a protocol
amendment allowing the introduction of the less dose-
intense QW treatment schedule. Subsequent protocol
amendments supported the administration of NIZ985/
spartalizumab to establish whether NIZ985 and immune
checkpoint inhibitors (ICIs) act in synergy. Recruitment
to the NIZ985 QW/spartalizumab cohort was halted
prior to identification of recommended dose for expan-
sion (RDE) due to a decision to discontinue the NIZ985
formulation used in this study and not for reasons related
to safety and tolerability.

In the dose-expansion phase, patients with various
tumor types considered to be either sensitive or resis-
tant to anti-PD-1 agents (PD-1-sensitive or PD-1-resistant,
respectively), were evaluated for response to NIZ985 1 pg/
kg TIW in combination with spartalizumab 400 mg Q4W.
Tumor types were considered PD-1-sensitive if approved
for anti-PD-1/-PD-L1 therapies by the US Food and Drug
Administarion (FDA) and/or the European Medicines
Agency (EMA) (eg, non-small cell lung cancer, melanoma
and bladder cancer); PD-1-resistant tumor types were all
other diagnoses without an approved indication by the
FDA and/or EMA at the time of a patient’s enrollment.

This study was performed in compliance with the
Good Clinical Practice Guidelines in accordance with the
principles of the Declaration of Helsinki and approved

RDE not determined

N=11 RDE NIZ985 1 ug/kg TIW

Expansion not pursued

RDE not determined

Expansion

PD-1-sensitive tumor types
n=11

PD-1-resistant tumor types
n=25

Study design. PD-1, programmed cell death protein-1; Q4W, every 4 weeks; QW, once a week; RDE, recommended

by the appropriate institutional review board and inde-
pendent ethics committee of the respective study centers
(online supplemental table 1). Written informed consent
was obtained from patients prior to participating and
before any study-specific procedures were initiated.
This trial is registered with ClinicalTrials.gov (number
NCT02452268).

Patients

Patient eligibility criteria have been previously described.”
Briefly, eligible patients were aged >18 years with histolog-
ically confirmed advanced/metastatic solid tumors who
had progressed on, or were intolerant of standard treat-
ment, or for whom curative or palliative measures were
non-existent or associated with minimal survival benefit.
Patients had to have an Eastern Cooperative Oncology
Group performance status of <1, and measurable disease
as assessed by the Response Evaluation Criteria in Solid
Tumors version 1.1 (RECIST v1.1) and irRC. Patients
were excluded if they had received either prior IL-15
therapy, ICIs within 6 weeks or other anticancer treat-
ment within 4 weeks from the start of the study or had
received prior anti-PD-1 therapy that was discontinued
due to toxicity related to anti-PD-1 agents (online supple-
mental methods). Patients with untreated or progressive
central nervous system metastases were also excluded
(exceptions listed in online supplemental methods).

Study objectives

The primary objective was to assess the safety and tolera-
bility of single-agent NIZ985 and NIZ985/spartalizumab
and to establish the maximum tolerated doses (MTDs)
and/or the recommended dose of NIZ985 in combina-
tion with spartalizumab for the phase Ib expansion. The
secondary objectives were to evaluate preliminary anti-
tumor activity, and pharmacokinetic (PK) and immuno-
genic profiles of NIZ985 administered as a single agent
and in combination with spartalizumab. The exploratory
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objectives were to investigate biomarkers of tumor
immune response and to assess the effects of NIZ985 on
modulation of immune cell markers in blood and tumor
biopsies.

Definition of DLT

Any study treatmentrelated grade 3 and grade 4 AEs
occurring during cycle 1 (the first 28 days) from the initi-
ation of single-agent NIZ985 treatment or 56 days from
the initiation of NIZ985/spartalizumab treatment were
defined as DLTs, except for those listed in online supple-
mental methods. Some grade 2 AEs were defined as DLTs
(online supplemental methods). Other DLT determina-
tion was made on a case-by-case basis based on discus-
sion between the investigator and the Novartis medical
monitor.

Treatment discontinuation and dose modification

For DLTs occurring during the DLT observation period,
patients had to discontinue study treatment, with excep-
tions predefined by the protocol. Patients were allowed to
resume the study treatment on the same dosing schedule
at the same or a lower dose level following resolution of
the AE to the extent stated in the protocol if there was
no evidence of disease progression per irRC. For patients
who experienced non-DLT AEs, dose adjustments were
permitted for NIZ985 as outlined in the protocol for no
more than two dose levels.

PK and immunogenicity analyses

Blood samples forimmunogenicity analyses were collected
before and after dosing at the beginning and end of the
study, as well as at specified time points during the study.
NIZ985 serum concentrations were measured using a vali-
dated electrochemiluminescent immunoassay specific for
NIZ985, with a lower limit of quantification (LLOQ) of
50 pg/mL. PK parameters were determined using a non-
compartmental method available in Phoenix WinNonlin
V.6.2 (Certara USA, Princeton, New Jersey, USA). For
the immunogenicity analysis, antidrug antibodies were
assessed by homogenous bridging assays against NIZ985.

Pharmacodynamic assessments and biomarker analyses
Flow cytometry assessments for T and NK cell subsets and
proliferation were performed at baseline and on-treat-
ment to monitor changes in immune cell populations
from cycle 1 to cycle 6. Peripheral blood mononuclear
cells were collected prior to dosing, on day 2, day 8 and
day 15 of cycle 1, and on day 1, day 8 and day 15 for each
following cycle through to cycle 6. Availability of samples
varied across different time points in each cycle. The
expression of nuclear protein Ki67 was assessed in the
CD8+ Tcell and CD56+ NKcell populations as described
in online supplemental methods.

Plasma samples were collected for systemic cytokine
modulation analysis during cycle 1. Inflammatory cyto-
kines were measured pretreatment and post-treatment
in serum samples using the V-PLEX Chemokine Panel 1
Human Kit (MSD K15047D), the V-PLEX Cytokine Panel

1 Human Kit (MSD K15050D), the V-PLEX Proinflamma-
tory Panel 1 Human Kit (MSD K15049D) and the Human
IL-18 Kit (151MCD) comprising 31 analytes in total.
Tumor biopsies for the analysis of PD-L1 and CDS8
protein expression by immunohistochemistry (IHC)
staining were collected at baseline, on day 15 of cycle
2, and at the end of treatment. PD-L1 expression was
measured using IHC staining for PD-L1 (clone 22C3,
PharmDx SKO006 kit, Dako Autostainer Link 4B) and
scored for the percentage of cell membrane positivity.
The proportions of PD-Ll-positive tumor cells (tumor
positivity score) were quantified for all indications except
melanoma. For melanoma, the combined positivity score
was quantified, where the percentage of positive cells—
including tumor and immune cells—was analyzed. The
combined positivity score provides a more accurate histo-
logical evaluation than tumor positivity score in mela-
noma tissue, where differentiation between the staining
of melanoma cells and immune cells is challenging.* The
IHC staining signal for CD8 was quantified as the percent
marker area representing quantification of the CD8 IHC
staining area (clone C8/144B, Ventana Benchmark XT).

Statistical analyses

The safety analyses included all patients who received at
least one dose of study drug and had at least one valid
postbaseline safety assessment (safety analysis set). The
safety endpoints were the incidence and severity of
treatmentrelated AEs (TRAEs); the incidence of serious
AEs (SAEs); the incidence of DLTs; changes between base-
line and worst postbaseline laboratory values; vital signs
and ECG parameters; dose intensity; frequencies of dose
reductions, interruptions or discontinuations; and the
frequency of cytokine release syndrome. The AE data for
the safety evaluation were coded according to the Medical
Dictionary for Regulatory Activities version 20.1 for the
escalation phase and version 25 for the expansion phase.
Safety assessments included toxicities graded according
to the Common Terminology Criteria for Adverse Events
version 4.03. Descriptive statistics were used to report the
safety endpoints.

The secondary endpoints were the best overall response
(BOR), disease control rate (DCR), duration of response,
overall response rate, progression-free survival (PFS)
per RECIST vl.1 and irRC, serum concentrations and
derived PK parameters for NIZ985 and spartalizumab,
and detection and/or concentration of anti-NIZ985
and anti-spartalizumab antibodies. Efficacy endpoints
were measured in all patients who received at least one
dose of the study drug (full analysis set). Efficacy assess-
ments were carried out from baseline up to the follow-up
period. Response evaluation criteria for target lesions and
the definitions of BOR are described in online supple-
mental methods. SD as the BOR was reported based on
at least one SD assessment more than 6 weeks after start
of treatment while not qualifying for complete response
(CR) or partial response (PR). The DCR was defined as
the proportion of patients with the BOR of CR, PR or SD.

4

Leidner R, et al. J Immunother Cancer 2023;11:€007725. doi:10.1136/jitc-2023-007725


https://dx.doi.org/10.1136/jitc-2023-007725
https://dx.doi.org/10.1136/jitc-2023-007725
https://dx.doi.org/10.1136/jitc-2023-007725
https://dx.doi.org/10.1136/jitc-2023-007725
https://dx.doi.org/10.1136/jitc-2023-007725
https://dx.doi.org/10.1136/jitc-2023-007725

The exploratory endpoints assessed post-treatment
changes in biomarkers of immunological response to
determine pharmacodynamic effects of different NIZ985
treatment schedules.

Statistical analyses for the secondary and exploratory
endpoints and the sample size calculation for the expan-
sion phase are detailed in online supplemental methods.

RESULTS

Patient population

Between July 13, 2015 and February 17, 2020 (the study
completion date was March 7, 2022), 47 and 36 patients
were enrolled and treated in the dose-escalation and
dose-expansion phases, respectively. The number of
patients treated in each cohort of the two treatment
arms is shown in figure 1 and baseline characteristics are
detailed in table 1 and online supplemental table 2. In the
PD-1-sensitive arm, the primary sites of cancer were lung,
rectum, skin, esophagus and melanoma (45% [5/11]),
while in the PD-l-resistant arm, the most common
primary sites of cancer were pancreas (16%) and breast
(12%) (online supplemental table 3).

Safety

No DLTs were observed and the MTD was not reached in
any of the dose groups of TIW and QW schedules in the
single-agent and combination arms.

At least one dose interruption of NIZ985 was reported
in 30% (8/27) of patients in the single-agent TIW and
QW cohorts and 43% (24/56) of patients in the combi-
nation cohorts. All patients discontinued treatment in
all cohorts (online supplemental table 4). The primary
reason was progressive disease (PD). At least one NIZ985
dose reduction due to an AE occurred in two patients in
the single-agent NIZ985 QW cohort and in two patients in
the dose-escalation cohorts (NIZ985 TIW/spartalizumab
and NIZ985 QW/spartalizumab) (online supplemental
table 4). An evaluation of the combination treatment with
NIZ985 and spartalizumab 400 mg Q4W identified a RDE
of 1 pg/kg TIW for the expansion phase of this study.

Treatment-emergent AEs (TEAEs) resulting in dose
modification or interruption for the single-agent and
combination cohorts are shown in online supplemental
tables 5 and 6. In the single-agent NIZ985 10pg/kg QW
cohort, one patient developed grade 2 fatigue and grade
2 peripheral edema resulting in a dose reduction on day
36, and another patient developed grade 3 fatigue and
grade 2 decrease in weight, with the dose reduced on day
43 and again on day 141. In the combination cohorts,
one patient treated with NIZ985 1pg/kg TIW/spartal-
izumab developed grade 3 joint effusion, leading to a
dose reduction on day 177; another patient treated with
NIZ985 4pg/kg QW/spartalizumab developed grade 3
anemia, leading to a dose reduction on day 37. Treatment
discontinuation due to TEAEs occurred in 19% (5/27)
of patients in the single-agent NIZ985 arm, with pulmo-
nary embolism, bullous dermatitis and small intestinal

obstruction occurring in patients treated with the TIW
dosing schedule (each in 1 of 14 patients), and isch-
emic stroke and multiple organ dysfunction syndrome in
patients treated with the QW schedule (each in 1 of 13
patients). In the combination arm, 7% (4/56) of patients
discontinued treatment due to fatigue, large intestinal
obstruction, seizure and tongue edema—each of these
were reported in one of 56 patients (data on file).

The most common TRAE in the single-agent and
the combination arms was injection site reaction (85%
[23/27] and 89% [50/56], respectively). In the single-
agent arm, low-grade fatigue (52%), chills (48%), nausea
(41%), pyrexia (41%), arthralgia (30%), decreased appe-
tite (19%) and decreased lymphocyte count (19%) were
the most common TRAEs. In the combination arm, low-
grade fatigue (43%), influenza-like illness (32%), nausea
(25%), chills (23%), myalgia (21%) and decreased appe-
tite (20%) were the most common TRAEs (figure 2A).
The most common grade 3-4 TRAE was decreased
lymphocyte count in the single-agent (7%) and combi-
nation (5%) arms (figure 2A). Grade 1-2 and grade
3-4 TEAEs in the single-agent and combination arms
are shown in figure 2B and listed for each dose level in
online supplemental table 7. The most common TEAE
was injection site reaction in the single-agent (85%) and
combination (89%) arms, followed by fatigue (67% and
55%, respectively) (figure 2B).

IHC staining of a representative injection site reaction
tissue biopsy (online supplemental methods), obtained
outside the study protocol through the clinical manage-
ment pathway of patients with IL-15-mediated toxicity,
showed perivascular localization of CD3+ and CD8+
lymphocytes near dermal blood vessels and accumulation
of CD56+ lymphocytes between the dermal and epidermal
layers (online supplemental figure 2).

Any-grade treatmentrelated SAEs were reported in
21% (3/14) of patients in the single-agent TIW and
one patient in the QW dose-escalation cohorts (online
supplemental table 8). Significant skin toxicities were not
observed in patients on the QW schedule at doses of up to
10pg/kg (online supplemental table 8). For the combi-
nation treatment, two patients reported grade 1-2 SAEs
(pyrexia and arthralgia, respectively) leading to hospital-
ization in the NIZ985 1 pg/kg TIW/spartalizumab cohort
(N=47).

AEs of special interest (AESIs) included IL-15-mediated
skin toxicities (pruritus, vasculitis, vasculitic rash and
bullous dermatitis), which were reported in patients on
the single-agent NIZ985 TIW schedule at doses higher
than 1pg/kg (except pruritus) but not in those on the
single-agent NIZ985 QW schedule (online supplemental
table 9). In the NIZ985 1pg/kg TIW/spartalizumab
dose-escalation/dose-expansion cohorts, diarrhea (30%
[14/47]), maculo-papular rash (15% [7/47]), and dry
skin and pruritus (each 11% [5/47]) were the most
frequently occurring AESIs of any grade, while grade >3
AESIs occurred in 13% (6/47) of patients (online supple-
mental table 10).
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TRAEs

Single-agent NIZ985 (N=27) NIZ985 + spartalizumab (N=56)
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Influenza-like illness
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Arthralgia

Myalgia
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TEAEs

Single-agent N1Z985 (N=27) NIZ985 + spartalizumab (N=56)
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12 24
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Single-agent N1Z985
TEAE grade 3—4

75% 50% 25% 0% 25% 50% 75% 100%
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Figure 2 TRAEs and TEAEs occurring in at least 10% of patients treated with single-agent NIZ985 and the combination of
NIZ985 with spartalizumab (safety analysis set). The number of patients experiencing a TRAE or a TEAE is shown beside each
bar. TEAEs, treatment-emergent adverse events; TRAEs, treatment-related adverse events.

A total of 12 patients died in the on-treatment period  the single-agent NIZ985 TIW cohort and six patients died
(from the day of first treatment to 30 days after the last  in the single-agent NIZ985 QW cohort (five of underlying
treatment). One patient died of underlying malignancyin ~ malignancy and one of ischemic stroke not related to the

Leidner R, et al. J Immunother Cancer 2023;11:007725. doi:10.1136/jitc-2023-007725 7
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Figure 3 Best percentage change from baseline in target lesions in the single-agent N1Z985 and the combination with
spartalizumab cohorts. Percentage changes from baseline >100% are set to 100%. PD, progressive disease; PD-1,
programmed cell death protein-1; PR, partial response; Q4W, every 4 weeks; QW, once a week; SD, stable disease; TIW, three
times a week; UNK, unknown response status.

study treatment). In the combination arm, five patients ~ NIZ985 1pg/kg TIW/spartalizumab cohorts; and one of
died: three of underlying malignancy and one of enceph-  underlying malignancy in the NIZ985 2ng/kg QW/spar-
alopathy unrelated to study drugs (possible contributing  talizumab cohort (data on file).

factor was progression of underlying malignancy) in the
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Efficacy

Of the 27 evaluable patients by RECIST v1.1 in the single-
agent NIZ985 arm, 30% (8/27) had SD (57-690 days),
44% (12/27) had PD (table 2) and none experienced PR.
In the combination arm, 5% (3/56) of patients experi-
enced a PR, 29% (16/56) had SD (51-420 days) and 54%
(30/56) had PD by RECIST vl.1 (table 2). No CR was
observed in any of the study cohorts. One case of PD by
RECIST vI.1 in the combination arm was considered a
PR when assessed by irRC, thus resulting in 7% (4/56)
of patients with a PR (online supplemental table 11). By
irRC, 32% (18/56) of patients had SD (online supple-
mental table 11). In the expansion phase, four patients
achieved SD (51-124 days) and one patient achieved
PR in the PD-1-sensitive cohort (n=11) and five patients
achieved SD (61-344 days) and no patient achieved PR in
the PD-1-resistant cohort (n=25), resulting in the DCR of
45% (95% CI'16.7% to 76.6%) and 20% (95% CI 6.8% to
40.7%), respectively, by RECIST v1.1 (table 2). The DCR
by irRC increased to 55% (95% CI 23.4% to 83.3%) in
the PD-1-sensitive cohort but remained unchanged in the
PD-I-resistant cohort (table 2, online supplemental table
11). All patients with PR/SD in the PD-1-sensitive cohort
had received prior anti-PD-1 therapy, while none of the
patients with SD in the PD-1-resistant cohort had received
prior anti-PD-1 therapy. At least three patients with SD in
the PD-1-sensitive cohort (4 SD, 1 PR) had progressed on
a prior anti-PD-1 therapy (data on file). Waterfall plots
of the best percentage change from baseline in the size
of target lesions are presented in figure 3. Twenty-seven
percent (3/11) of patients in the PD-1-sensitive cohort
and only one of 25 patients in the PD-l-resistant cohort
showed a decrease in target lesion measurements from
baseline.

The duration of exposure in the single-agent NIZ985
dose-escalation cohorts and the NIZ985/spartalizumab
dose-escalation/dose-expansion cohorts is shown by
tumor type in figure 4. Two patients achieved PR, one in
the NIZ985 1png/kg TIW/spartalizumb group and one in
the 2pg/kg QW/spartalizumab dose-escalation group,
occurring in patients with gastric cancer and pancre-
atic cancer, which are considered poorly responsive to
anti-PD-1 therapies (figure 4C). In dose expansion, a
PR was observed in a patient with cutaneous melanoma
(figure 4D), who had received a prior anti-PD-1 therapy.
One patient with uveal melanoma in the single-agent
NIZ985 TIW cohort had prolonged SD lasting for approx-
imately 22 months (figure 4A). This patient was treated
with nivolumab as the last ICI prior to the study and
achieved SD as the best response.

The median PFS was 1.9 months (95% CI 1.6 to 3.5)
in the PD-1-sensitive cohort and 1.6 months (95% CI 1.4
to 1.8) in the PD-1-resistant cohort (online supplemental
figure 3).

PK and immunogenicity
PK parameters for patients treated with single-
agent NIZ985 TIW or QW and in combination with

spartalizumab in the dose-escalation/dose-expansion
cohorts are summarized in online supplemental table 12.
The PK profiles of NIZ985 are shown in figure 5. Expo-
sure to NIZ985 after the first dose increased in an approx-
imately dose-proportional manner over the dose range
of 1-4pg/kg with the TIW schedule, and over the dose
range of 2-10pg/kg with the QW schedule, although the
data showed large variability. The median T _of NIZ985
after the first dose was approximately 8-28hours. No
accumulation of NIZ985 following multiple doses was
observed. The elimination half-life was not estimable in
most patients (online supplemental table 12). Exposure
of NIZ985 did not appear to be affected by co-adminis-
tration of spartalizumab. Treatment-induced anti-NIZ985
antibodies were detected in 1 of 12 patients in the
single-agent NIZ985 1pg/kg TIW cohort, 36% (4/11) of
patients in the single-agent NIZ985 QW cohort and 28%
(15/53) of patients in the combination cohorts (online
supplemental table 13).

Pharmacodynamics and biomarkers

The flow cytometric evaluation of lymphocyte cell subsets
showed transient increases in the expression of the
proliferation marker Ki67 in CD8+ T cells and NK cells
following treatment with single-agent NIZ985 and with
the combination at different dose levels (online supple-
mental figure 4). NIZ985 treatment was associated with
the transient induction of several cytokines, including
C-X-C motif chemokine ligand 10 (CXCL10), IFN-y, IL-15,
IL-12p40, IL-18, monocyte chemoattractant protein-1
(MCP-1), macrophage inflammatory protein (MIP)-
lo, MIP-1B and tumor necrosis factor (TNF)a (online
supplemental figure 5). Dose-dependent modulation of
CXCL10, IFN-y, MCP-1, MIP-1o, MIP-1B and TNFa levels
in serum occurred in response to single-agent NIZ985 in
the QW schedule cohort.

IHC staining of tumor biopsy tissue at baseline and
on-treatment showed that two out of two evaluable
patients with a PR had an increase in tumor CD8+ cell
infiltration following treatment with the combination of
NIZ985 TIW or QW and spartalizumab (online supple-
mental figure 6). No association was evident between the
CD8+ cell infiltration and SD. The limited availability of
baseline and on-treatment biopsy samples precluded a
meaningful investigation of CD8+ T cell infiltration into
tumors.

DISCUSSION

This first-in-human study reports the safety, PK/pharma-
codynamics, preliminary antitumor activity and biomarker
data for two schedules of NIZ985 administered with or
without spartalizumab in heavily pretreated patients with
advanced solid tumors. Overall, NIZ985 was well toler-
ated in the single-agent and combination regimens. The
combination treatment showed antitumor activity against
tumor types known to have a poor response to ICIs.
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Preclinical studies investigated different types of
recombinant IL-15 constructs, with or without IL-15Rq,
and have provided essential evidence for IL-15 anti-
tumor activity, leading to tumor regression in experi-
mental murine models, reduced metastatic spread and
prolonged survival,'”” ® *® with the antitumor activity
enhanced on combination of IL-15 with anti-PD-1/anti-
PD-L1 agents.'” '® Despite promising preclinical data,
IL-15 monotherapy has not demonstrated significant clin-
ical activity in firstin-human phase I studies to date.?' %’
Moreover, IL-15 has been shown to induce the expression
of PD-1 and PD-L1 on T cells,”®* potentially limiting its
effectiveness as a single agent and prompting investiga-
tion of combinations with PD-1/PD-L1 blocking agents.
ALT-803, a heterodimer of the recombinant IL-15 mutant
(N72D) and an IL-15Ra fragment fused to an immu-
noglobulin G Fc domain with a prolonged retention in
serum and improved tolerability,” *' showed promising
activity in combination with nivolumab in patients with
relapsed/refractory lung cancer.” ALT-803 (N803) in
combination with intravesical Bacillus Calmette-Guérin
(BCG), standard of care for non-muscle-invasive bladder
cancer (NMIBC), is currently under review by the FDA
for the treatment of patients with BCG-unresponsive
NMIBC carcinoma in situ with or without Ta (papillary
noninvasive carcinomas) or T1 (tumors infiltrating the
lamina propria) disease.” The combination of ALT-803
with BCG suppressed disease progression in this clinical
setting.”

A preliminary report of the current study showed that
subcutaneous administration of NIZ985 in the TIW dosing
schedule was generally well tolerated and triggered an
immune response that induced proliferation of cytotoxic
lymphocytes and the secretion of IFN-.** However, IL-15-
mediated skin toxicities (bullous dermatitis or pemphi-
goid, and vasculitis) were observed in cycle 2 in the 2 pg/
kg TIW and 4 pg/kg TIW dosing groups, suggesting that
patients may benefit from a less frequent, weekly NIZ985
dosing schedule. The PK data from this early report® and
a previous study of hetlL-15 PK/pharmacodynamics and
retention in plasma of rhesus macaques'® led to the inves-
tigation of the QW schedule in the current study.

Treatment with different schedules of single-agent
NIZ985, or NIZ985/spartalizumab, was well tolerated by
the majority of patients in this study, with a sample size
considerably larger (N=83) than typical phase I datasets
(N=15-30).”* The QW dosing schedule showed a margin-
ally better safety profile than the TIW schedule at doses
higher than 1pg/kg due to reduced systemic skin toxic-
ities. No DLTs were reported during escalation and the
MTD was not reached. The most common TRAE in the
single-agent and combination arms was a low-grade injec-
tion site reaction, and the spectrum and incidence of
low-grade TRAEs were largely similar across all cohorts.
This is in agreement with the previously published safety
data for other single-agent IL-15 formulations, where
the most frequent TRAEs were a low-grade injection site
reaction, fatigue, vomiting, nausea, chills and transient

clinically inconsequential decrease in lymphocyte count
in patients with advanced solid tumors.”' * Of grade 3—4
toxicities, decreased lymphocyte count and fatigue were
the most common TRAEs in both the single-agent and
combination arms of this study. Decreased lymphocyte
count reflects the exit of lymphocytes from the blood and
relocation to the tissues, and this process is reversible.*’

Three patients experienced a PRby RECIST v1.1 (gastric
cancer and pancreatic cancer in the combination escala-
tion cohort, and melanoma in the combination expan-
sion cohort) and one additional patient had a PR per irRC
(urothelial cancer in the combination escalation cohort).
The antitumor activity observed in the two patients with
pancreatic and gastric cancer who were naive to treat-
ment with anti-PD-1/anti-PD-L1 agents is encouraging,
considering that currently no strong clinical evidence
exists for the antitumor effects of a PD-1/PD-L1 blockade
in pancreatic ductal adenocarcinoma.” The patient with
melanoma who reported a PR had achieved SD as the
best response to prior anti-PD-1 therapy, while the patient
with urothelial cancer who experienced a PR per irRC
progressed on a prior anti-PD-L1 therapy. Several patients
in the dose-expansion cohort experienced reduction of
target lesions from baseline, but the total reduction did
not reach the threshold of a PR. A third of patients in
the PD-1-sensitive cohort and one-fifth of patients in the
PD-1-resistant cohort achieved SD as the best response,
resulting in DCR of 45% and 20%, respectively. Overall,
the efficacy of NIZ985 in combination with spartalizumab
might have been limited by mechanisms of immune resis-
tance in this population of heavily pretreated patients,
41% of which had received prior ICI therapy.

PK parameters between the single-agent and combi-
nation arms did not substantially differ, indicating that
no significant drug—drug interactions appear to occur
between NIZ985 and spartalizumab. Due to the small
sample sizes in the single-agent NIZ985 dose-escalation
cohorts, a robust assessment of dose dependency was not
performed. Accumulation of NIZ985 following adminis-
tration of multiple doses was not observed due to the rapid
elimination of NIZ985 from the body. In fact, the values
of exposure parameters (area under the curve and C__ )
following the administration of multiple doses were lower
than those after the first dose in most patients. Reasons
for this phenomenon may be related to the proliferation
of NK and T cells, known to result in enhanced target-
mediated drug disposition (TMDD)," *® which would
lead to increased clearance of NIZ985. Other circulating
IL-15 agonists are known to behave in a similar manner.”
The variability of PK parameters was high in this study,
potentially due to small sizes of cohorts (except for the
expansion phase), NIZ985 concentrations below the
LLOQ), rapid elimination of NIZ985 and TMDD.

Proliferation of peripheral CD8+ and NK lymphocytes,
and increased levels of circulating inflammatory cytokines
were observed in response to the single-agent NIZ985
and combination NIZ985/spartalizumab, indicating that
NIZ985 treatment induces systemic immune activation.
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Moreover, a systemic inflammatory cytokine analysis
performed at baseline and during cycle 1 of treatment
with single-agent NIZ985 in the QW schedule cohort
revealed dose-dependent modulation of CXCL10, IFN-y,
MCP-1, MIP-10., MIP-13 and TNFa levels in serum. Tumor
tissue staining for CD8 showed markedly increased CD8+
cell infiltration in tumors in two patients with a PR treated
with the combination therapy.

Different IL-15 therapeutic preparations have proven
ineffective as single agents in patients with solid tumors,
despite the success in improving the stability of IL-15
and its PK profile, and the ability of therapeutic IL-15
to induce a robust proliferation of NK cells and CD8+
T cells in preclinical models and the clinical setting.”’
A number of immunoregulation mechanisms counter-
acting the immunostimulatory effects of IL-15 have been
identified and suggested to play a role in deactivation of
NK cells and CD8+ T cells in the tumor microenviron-
ment.”” It has been argued that systemic administration
of IL-15 formulation may not be sufficient to overcome
the negative effects of tumor microenvironment, whereas
local delivery achieves higher concentrations of cytokine
and better therapeutic results.*®* One mechanism contrib-
uting to suppressive tumor microenvironment is based
on the induction of checkpoint molecules, including
PD-1, on CD8+ T cells.”’ Therefore, various clinical trials
have been initiated to investigate the safety and effi-
cacy of IL-15-based combinations with different ICIs are
currently being investigated in several phase I clinical
trials.”® A phase I/Ib study of weekly NIZ985 alone and
in combination with a PD-1 inhibitor has been initiated
in patients with advanced solid tumors and lymphoma
who have progressed following a previous response to an
ICI (NCT04261439).” Another phase I trial is recruiting
patients with metastatic solid tumors and treatment-
refractory tumors for investigation of IL-15 therapy in
combination with nivolumab (anti-PD-1 agent) and ipili-
mumab (anti-cytotoxic T-lymphocyte-associated protein
4) (NCT03388632).° Two phase I studies have completed
patient enrollment for the evaluation of the combina-
tion of IL-15 with avelumab (anti-PD-L1) in relapsed/
refractory T cell malignancies (NCT03905135)* and
with alemtuzumab (humanized monoclonal antibody
against CD52) in refractory/relapsed chronic and acute
adult T cell leukemia (NCT02689453)." In addition,
ALT-803 is currently being investigated in combination
with nivolumab (NCT02523469)* or pembrolizumab
(NCT05096663)** in patients with non-small cell lung
cancer.

In conclusion, the NIZ985 TIW (1pg/kg and lower
dose levels) and QW regimens were well tolerated either
as monotherapy or in combination with spartalizumab.
The effects of NIZ985 on CD8+ T cell and NK cell prolif-
eration and cytokine levels suggested engagement of
the target immune cells. Preliminary antitumor activity
of NIZ985 used in combination with spartalizumab was
detected in several patients with tumors considered to
be unresponsive to anti-PD-1 therapy or with sensitive

tumors that had progressed on prior anti-PD-1 therapy.
Further investigation of combinations of NIZ985 with
ICIs, not only in patients with solid tumors but also in
those with hematological malignancies, is warranted
to determine whether NIZ985 can help overcome
acquired resistance to ICIs. Novel potential indications
have recently emerged from preclinical testing of hetIL-
15, including a significant antimetastatic potential of
hetlL-15 with or without chemotherapy in the neoadju-
vant setting, preventing the dissemination of metastatic
cells in murine cancer models.* Therefore, the thera-
peutic value of IL-15 formulations may prove highest at
early disease stages. Blocking or eliminating metastatic
disease is an important parameter of treatment. Ongoing
phase I studies and future biomarker studies may eluci-
date novel mechanisms of resistance and facilitate the
selection of combinatorial therapies—other than ICIs—
with IL-15 agents.

Author affiliations

'EACRI, Providence Cancer Institute, Portland, Oregon, USA

%National Cancer Institute, National Institutes of Health, Bethesda, Maryland, USA
®Department of Medicine, Carbone Cancer Center, University of Wisconsin, Madison,
Wisconsin, USA

“Division of Oncology, Washington University School of Medicine, St. Louis, Missouri,
USA

SHuntsman Cancer Institute, University of Utah, Salt Lake City, Utah, USA

®Division of Medical Oncology, James Cancer Hospital and the Ohio State University
Comprehensive Cancer Center, Columbus, Ohio, USA

"Decision Sciences (DSSM), IQVIA, Durham, North Carolina, USA

®Novartis Institutes for BioMedical Research, Cambridge, Massachusetts, USA
®Novartis Pharmaceuticals Corporation, East Hanover, New Jersey, USA

"OCenter for Cancer Research, National Cancer Institute, Frederick, Maryland, USA
MSCCA, University of Washington, Seattle, Washington, USA

Acknowledgements The authors thank the participating patients and clinicians
involved in the trial. The authors would also like to thank Aimee Reynolds of
Novartis Institutes for BioMedical Research for program management, Keith Kwak,
Nadia Katkova, and Luz Libiran of Navigate BioPharma Services for performing
peripheral blood mononuclear cell flow cytometry experiments, Tanya Mulvey of
Novartis Institutes for BioMedical Research for analysis of flow cytometry data, and
Egle McDonald, PhD, and Sabrina Giavara, PhD, of Novartis Pharmaceuticals UK
Limited for medical writing support.

Contributors Conception and design: KC, JAO’K, NL and GNP; acquisition of data:
RL, KC, DGM, AW-G, SG, RW, GNP and JAT; Data analysis and interpretation: All
authors; Provision of study material or patients: RL, KC, DGM, AW-G, SG, RW and
JAT; Manuscript writing: All authors; Final approval of manuscript: All authors;
Accountable for all aspects of the work: All authors; Novartis Pharmaceuticals is
responsible for the overall content as a guarantor.

Funding This study was funded by Novartis Pharmaceuticals.

Competing interests RL received research funding and travel expenses from
Bristol Myers Squibb, and non-financial support from Clinigen and Celldex
outside of the current work. DGM received research support to the institution
from Novartis for the conduct of the study; consulting and research funding from
Madison Vaccines; and research support to the University of Wisconsin from BMS,
Merck, Harpoon and Janssen, unrelated to the current work. AW-G received fees
for consulting or advisory role from BMS, Ipsen, Jacobio, Merrimack, Newlink,
Pfizer and Rupugene, and is a full-time employee for Jacobio (unrelated to the
current work). SG received support from Novartis for the conduct of the study,
other support from Bristol Myers Squibb, Rexahn, Incyte, LSK, Five Prime, Mirati,
QED, Debiopharm, Merck, Pfizer, AstraZeneca, Medimmune, Clovis and Seattle
Genetics, and declares ownership of stock in Salarius Pharmaceuticals by the
spouse. RW received consulting or advisory role fees from Puma Biotechnology,
Pfizer, Roche Diagnostics, Seagen and Celcuity, fees from Celcuity for participating
in the Scientific Steering committee and from Celcuity and Seagen for being an

14

Leidner R, et al. J Immunother Cancer 2023;11:€007725. doi:10.1136/jitc-2023-007725



advisory board member, research funding from Acerta Pharma, and travel expenses

from Puma Biotechnology, Pfizer and Roche Diagnostics. MC is an employee of
IQVIA with a full-service provider role at Novartis. NH, JBL, LHL, JAO’K and NL are

employees and stockholders of Novartis. GNP is a co-inventor on the heterodimeric
IL-15 patents owned by the US government and managed by the National Institutes

of Health (NIH), licensed to Novartis. GNP received research support from Novartis
under the Collaborative Research Agreements (CRADAs) with the NIH during the
period of this study. JAT received grants for consulting from Alpine Biosciences;

research support to the University of Washington from Novartis during the conduct

of the study; research support to the University of Washington from Pfizer, Five

Prime, Merck, Trillium, Incyte and Xencor; and fees for consulting from Regeneron,

Aveo, Neoleukin, Seattle Genetics, BJ Biosciences and Calithera. All authors
received medical writing support from Novartis (non-financial). KC declares no
competing financial interests.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request. Novartis

will not provide access to patient-level data, if there is a reasonable likelihood that
individual patients could be reidentified. Phase | studies, by their nature, present a

high risk of patient reidentification; therefore, patient individual results for phase
| studies cannot be shared. In addition, clinical data, in some cases, have been

collected subject to contractual or consent provisions that prohibit transfer to third

parties. Such restrictions may preclude granting access under these provisions.
Where codevelopment agreements or other legal restrictions prevent companies
from sharing particular data, companies will work with qualified requestors to
provide summary information where possible.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content

includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,

terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use

is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Rom Leidner http://orcid.org/0000-0003-0788-7938

Kevin Conlon http://orcid.org/0000-0002-4118-7524
Douglas G McNeel http://orcid.org/0000-0003-1471-6723
Sumati Gupta http://orcid.org/0000-0001-6271-0831
Robert Wesolowski http://orcid.org/0000-0003-0606-0648
George N Pavlakis http://orcid.org/0000-0002-4027-4036
John A Thompson http://orcid.org/0000-0002-7877-1580

REFERENCES
1

Saibil SD, Ohashi PS. Targeting T cell activation in immuno-oncology.

Curr Oncol 2020;27:598-105.

2 Minetto P, Guolo F, Pesce S, et al. Harnessing NK cells for cancer
treatment. Front Immunol 2019;10:2836.

3 Dinarello CA. Historical insights into cytokines. Eur J Immunol
2007;37 Suppl 1:S34-45.

4 Ozaki K, Leonard WJ. Cytokine and cytokine receptor pleiotropy and

redundancy. J Biol Chem 2002;277:29355-8.

5 Giri JG, Kumaki S, Ahdieh M, et al. Identification and cloning of a
novel IL-15 binding protein that is structurally related to the alpha
chain of the IL-2 receptor. EMBO J 1995;14:3654-63.

6 Anderson DM, Kumaki S, Ahdieh M, et al. Functional characterization
of the human interleukin-15 receptor alpha chain and close linkage of

IL15RA and IL2RA genes. J Biol Chem 1995;270:29862-9.

7 Dubois S, Patel HJ, Zhang M, et al. Preassociation of IL-15 with
IL-15R alpha-lgG1-Fc enhances its activity on proliferation of NK
and CD8+/CD44high T cells and its antitumor action. J Immunol
2008;180:2099-106.

8

17

20

23

24

25

26

27

28

29

Bergamaschi C, Kulkarni V, Rosati M, et al. Intramuscular delivery of
heterodimeric IL-15 DNA in macaques produces systemic levels of
bioactive cytokine inducing proliferation of NK and T cells. Gene Ther
2015;22:76-86.

Waldmann TA. The shared and contrasting roles of interleukin-2 (IL-2)
and IL-15 in the life and death of normal and neoplastic lymphocytes:
implications for cancer therapy. Cancer Immunol Res 2015;3:219-27.
Kobayashi H, Dubois S, Sato N, et al. Role of trans-cellular IL-15
presentation in the activation of NK cell-mediated killing, which leads
to enhanced tumor immunosurveillance. Blood 2005;105:721-7.
Bergamaschi C, Rosati M, Jalah R, et al. Intracellular interaction

of interleukin-15 with its receptor alpha during production leads

to mutual stabilization and increased bioactivity. J Biol Chem
2008;283:4189-99.

Bergamaschi C, Bear J, Rosati M, et al. Circulating IL-15 exists as
heterodimeric complex with soluble IL-15Ra in human and mouse
serum. Blood 2012;120:e1-8.

Bergamaschi C, Stravokefalou V, Stellas D, et al. Heterodimeric IL-15
in cancer immunotherapy. Cancers (Basel) 2021;13:837.

Bindea G, Mlecnik B, Galon J. Expand to shield: IL-15 and in situ
lymphocytic proliferation. Oncoimmunology 2021;10:1886726.
Robinson TO, Schluns KS. The potential and promise of IL-15 in
immuno-oncogenic therapies. Immunol Lett 2017;190:159-68.
Bergamaschi C, Pandit H, Nagy BA, et al. Heterodimeric IL-15 delays
tumor growth and promotes intratumoral CTL and dendritic cell
accumulation by a cytokine network involving XCL1, IFN-y, CXCL9
and CXCL10. J Immunother Cancer 2020;8:e000599.

Desbois M, Le Vu P, Coutzac C, et al. IL-15 trans-signaling with the
superagonist RLI promotes effector/memory CD8+ T cell responses
and enhances antitumor activity of PD-1 antagonists. J Immunol
2016;197:168-78.

Knudson KM, Hicks KC, Alter S, et al. Mechanisms involved in IL-15
superagonist enhancement of anti-PD-L1 therapy. J Immunother
Cancer 2019;7:82.

Bergamaschi C, Watson DC, Valentin A, et al. Optimized
administration of hetlL-15 expands lymphocytes and minimizes
toxicity in rhesus macaques. Cytokine 2018;108:213-24.

Conlon KC, Lugli E, Welles HC, et al. Redistribution,
hyperproliferation, activation of natural killer cells and CD8 T cells,
and cytokine production during first-in-human clinical trial of
recombinant human interleukin-15 in patients with cancer. J Clin
Oncol 2015;33:74-82.

Miller JS, Morishima C, McNeel DG, et al. A first-in-human phase

| study of subcutaneous outpatient recombinant human IL15

(rhIL15) in adults with advanced solid tumors. Clin Cancer Res
2018;24:1525-35.

Ng SSM, Nagy BA, Jensen SM, et al. Heterodimeric IL15 treatment
enhances tumor infiltration, persistence, and effector functions

of adoptively transferred tumor-specific T cells in the absence of
lymphodepletion. Clin Cancer Res 2017;23:2817-30.

Conlon K, Watson DC, Waldmann TA, et al. Phase | study of single
agent NIZ985, a recombinant heterodimeric IL-15 agonist, in adult
patients with metastatic or unresectable solid tumors. J Immunother
Cancer 2021;9:e003388.

Daud Al, Wolchok JD, Robert C, et al. Programmed death-ligand 1
expression and response to the anti-programmed death 1 antibody
pembrolizumab in melanoma. J Clin Oncol 2016;34:4102-9.

Kim PS, Kwilas AR, Xu W, et al. IL-15 superagonist/IL-
15RalphaSushi-Fc fusion complex (IL-15SA/IL-15RaSu-Fc;
ALT-803) markedly enhances specific subpopulations of NK

and memory CD8+ T cells, and mediates potent anti-tumor

activity against murine breast and colon carcinomas. Oncotarget
2016;7:16130-45.

Stellas D, Karaliota S, Stravokefalou V, et al. Tumor eradication

by hetlL-15 Locoregional therapy correlates with an induced
Intratumoral Cd103(Int)Cd11B(+) Dendritic cell population. Cell
Reports 2023;42:112501.

Margolin K, Morishima C, Velcheti V, et al. Phase | trial of ALT-803,

a novel recombinant IL15 complex, in patients with advanced solid
tumors. Clin Cancer Res 2018;24:5552-61.

Kinter AL, Godbout EJ, McNally JP, et al. The common gamma-
chain cytokines IL-2, IL-7, IL-15, and IL-21 induce the expression of
programmed death-1 and its ligands. J Immunol 2008;181:6738-46.
Yu P, Steel JC, Zhang M, et al. Simultaneous blockade of multiple
immune system inhibitory checkpoints enhances antitumor activity
mediated by interleukin-15 in a murine metastatic colon carcinoma
model. Clin Cancer Res 2010;16:6019-28.

Liu B, Kong L, Han K, et al. A novel fusion of ALT-803 (interleukin
(IL)-15 superagonist) with an antibody demonstrates antigen-specific
antitumor responses. J Biol Chem 2016;291:23869-81.

Leidner R, et al. J Immunother Cancer 2023;11:007725. doi:10.1136/jitc-2023-007725

15


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-0788-7938
http://orcid.org/0000-0002-4118-7524
http://orcid.org/0000-0003-1471-6723
http://orcid.org/0000-0001-6271-0831
http://orcid.org/0000-0003-0606-0648
http://orcid.org/0000-0002-4027-4036
http://orcid.org/0000-0002-7877-1580
http://dx.doi.org/10.3747/co.27.5285
http://dx.doi.org/10.3389/fimmu.2019.02836
http://dx.doi.org/10.1002/eji.200737772
http://dx.doi.org/10.1074/jbc.R200003200
http://dx.doi.org/10.1002/j.1460-2075.1995.tb00035.x
http://dx.doi.org/10.1074/jbc.270.50.29862
http://dx.doi.org/10.4049/jimmunol.180.4.2099
http://dx.doi.org/10.1038/gt.2014.84
http://dx.doi.org/10.1158/2326-6066.CIR-15-0009
http://dx.doi.org/10.1182/blood-2003-12-4187
http://dx.doi.org/10.1074/jbc.M705725200
http://dx.doi.org/10.1182/blood-2011-10-384362
http://dx.doi.org/10.3390/cancers13040837
http://dx.doi.org/10.1080/2162402X.2021.1886726
http://dx.doi.org/10.1016/j.imlet.2017.08.010
http://dx.doi.org/10.1136/jitc-2020-000599
http://dx.doi.org/10.4049/jimmunol.1600019
http://dx.doi.org/10.1186/s40425-019-0551-y
http://dx.doi.org/10.1186/s40425-019-0551-y
http://dx.doi.org/10.1016/j.cyto.2018.01.011
http://dx.doi.org/10.1200/JCO.2014.57.3329
http://dx.doi.org/10.1200/JCO.2014.57.3329
http://dx.doi.org/10.1158/1078-0432.CCR-17-2451
http://dx.doi.org/10.1158/1078-0432.CCR-16-1808
http://dx.doi.org/10.1136/jitc-2021-003388
http://dx.doi.org/10.1136/jitc-2021-003388
http://dx.doi.org/10.1200/JCO.2016.67.2477
http://dx.doi.org/10.18632/oncotarget.7470
http://dx.doi.org/10.1016/j.celrep.2023.112501
http://dx.doi.org/10.1016/j.celrep.2023.112501
http://dx.doi.org/10.1158/1078-0432.CCR-18-0945
http://dx.doi.org/10.4049/jimmunol.181.10.6738
http://dx.doi.org/10.1158/1078-0432.CCR-10-1966
http://dx.doi.org/10.1074/jbc.M116.733600

31 Rubinstein MP, Williams C, Mart C, et al. Phase | trial characterizing 40 ClinicalTrials.gov. Recombinant interleukin-15 in combination with
the pharmacokinetic profile of N-803, a chimeric IL-15 superagonist, checkpoint inhibitors nivolumab and ipilimumab in people with
in healthy volunteers. J Immunol 2022;208:1362-70. refractory cancers. Available: https://clinicaltrials.gov/ct2/show/
32 Wrangle JM, Velcheti V, Patel MR, et al. ALT-803, an IL-15 NCT03388632 [Accessed 5 Jan 2023].
superagonist, in combination with nivolumab in patients with 41 ClinicalTrials.gov. Interleukin-15 (IL-5) in combination with Avelumab
metastatic non-small cell lung cancer: a non-randomised, open- (Bavencio) in Relapsed/refractory mature T-cell malignancies.
label, phase 1b trial. Lancet Oncol 2018;19:694-704. Available: https:/clinicaltrials.gov/ct2/show/NCT03905135
33 Chen W’. Liu N Yuan'Y, et al. ALT-803 in Ithe treatmgpt of non- [Accessed 5 Jan 2023].
muscle—_lnvaswe bladder cancer: preclinical and clinical evidence and 42 ClinicalTrials.gov. Subcutaneous recombinant human IL-15 (S.C.
translational potential. Front Immunol 2022;13:1040669. rhiL-15) and Alemtuzumab for people with refractory or Relapsed
34 National Cancer Institute. Phases of cllnlcalltr]als. Ayallable: https:// chronic and acute adult T-cell leukemia (ATL). Available: https://
m‘;‘q‘gfﬁggggﬁz\éﬁ ig‘;:gﬁ%ngeg t;g;tzr?emjcllmcal—tnals/ Wwhat-are- clinicaltrials.gov/ct2/show/NCT02689453 [Accessed 5 Jan 2023].
35 PuN pLou W. Yu J. PD-1 immunotheré ) ) . 43 ClinicalTrials.gov. ALT-803 plus nivolumab in patients with
’ g ) Py in pancreatic cancer: retreated, advanced or metastatic non-small cell lung cancer.
current status. Journal of Pancreatology 2019;2:6-10. 2 ilable: htt -//clinicaltrial /ot2/show/NGCT02523469 :
36 Hangasky JA, Waldmann TA, Santi DV. Interleukin 15 valiable: https://clinicaltrials.gov/cte/show 5
pharmacokinetics and consumption by a dynamic cytokine sink. [Accessed 5 Jan 2023]. o
Front Immunol 2020;11:1813. 44 ClinicalTrials.gov. Testing the use of complnatlon Immunotherapy
37 Waldmann TA, Dubois S, Miljkovic MD, et al. IL-15 in the combination treatment (N-803 [ALT-803] plus pembrolizumab) against the usual
immunotherapy of cancer. Front Immunol 2020;11:868. treatment for advanced non-small cell lung cancer (a Lung-MAP
38 Knudson KM, Hodge JW, Schlom J, et al. Rationale for IL-15 treatment trial). Available: https://clinicaltrials.gov/ct2/show/
superagonists in cancer immunotherapy. Expert Opin Biol Ther NCT05096663 [Accessed 5 Jan 2023].
2020;20:705-9. 45 Stravokefalou V, Stellas D, Karaliota S, et al. Heterodimeric IL-15
39 ClinicalTrials.gov. A phase I/Ib study of NIZ985 alone and in (hetlL-15) reduces circulating tumor cells and metastasis formation
combination with spartalizumab. Available: https://clinicaltrials.gov/ improving chemotherapy and surgery in 4T1 mouse model of TNBC.
ct2/show/NCT04261439 [Accessed 5 Jan 2023]. Front Immunol 2022;13:1014802.
16 Leidner R, et al. J Immunother Cancer 2023;11:6007725. doi:10.1136/jitc-2023-007725


http://dx.doi.org/10.4049/jimmunol.2100066
http://dx.doi.org/10.1016/S1470-2045(18)30148-7
http://dx.doi.org/10.3389/fimmu.2022.1040669
https://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials/phases
https://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials/phases
https://www.cancer.gov/about-cancer/treatment/clinical-trials/what-are-trials/phases
http://dx.doi.org/10.1097/JP9.0000000000000010
http://dx.doi.org/10.3389/fimmu.2020.01813
http://dx.doi.org/10.3389/fimmu.2020.00868
http://dx.doi.org/10.1080/14712598.2020.1738379
https://clinicaltrials.gov/ct2/show/NCT04261439
https://clinicaltrials.gov/ct2/show/NCT04261439
https://clinicaltrials.gov/ct2/show/NCT03388632
https://clinicaltrials.gov/ct2/show/NCT03388632
https://clinicaltrials.gov/ct2/show/NCT03905135
https://clinicaltrials.gov/ct2/show/NCT02689453
https://clinicaltrials.gov/ct2/show/NCT02689453
https://clinicaltrials.gov/ct2/show/NCT02523469
https://clinicaltrials.gov/ct2/show/NCT05096663
https://clinicaltrials.gov/ct2/show/NCT05096663
http://dx.doi.org/10.3389/fimmu.2022.1014802

	First-­in-­human phase I/Ib study of NIZ985, a recombinant heterodimer of IL-­15 and IL-­15Rα, as a single agent and in combination with spartalizumab in patients with advanced and metastatic solid tumors
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Patients
	Study objectives
	Definition of DLT
	Treatment discontinuation and dose modification
	PK and immunogenicity analyses
	Pharmacodynamic assessments and biomarker analyses
	Statistical analyses

	Results
	Patient population
	Safety
	Efficacy
	PK and immunogenicity
	Pharmacodynamics and biomarkers

	Discussion
	References


