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ABSTRACT

Background Despite improved outcomes with immune
checkpoint inhibitors (ICls) and their combinations in
advanced solid tumors, a subset of patients remains
unresponsive or progresses, highlighting an unmet need
for novel treatments with durable benefit. Nemvaleukin
alfa (nemvaleukin, ALKS 4230) demonstrated manageable
safety and antitumor activity, alone and in combination
with pembrolizumab, across heavily pretreated advanced
solid tumors in the ARTISTRY-1 study. We report in-

depth antitumor activity, safety, pharmacokinetics, and
pharmacodynamics of nemvaleukin monotherapy at

the recommended phase 2 dose (RP2D) in advanced
melanoma and renal cell carcinoma (RCC) cohorts from
ARTISTRY-1.

Methods ARTISTRY-1 was a three-part (A, B, and C),
multicenter, open-label, phase 1/2 study. Adult patients
who had received prior treatment, including ICls, and

had advanced melanoma or RCC were enrolled in Part B.
Patients received intravenous nemvaleukin once daily on
days 1-5 (21-day cycle) at 6 pg/kg/day (RP2D determined
from Part A). Primary endpoints for Part B were overall
response rate (ORR) and safety. Secondary endpoints
included pharmacokinetic and pharmacodynamic
measures.

Results From July 2016 to March 2023, 74 patients in
Part B received nemvaleukin monotherapy (melanoma,
n=47; RCC, n=27). ORR in melanoma and RCC cohorts
was 9% (95% Cl, 2% to 21%; n=4) and 14% (95% Cl, 3%
to 35%; n=3), respectively; disease control rate was 50%
(95% Cl, 35% to 65%; n=23) and 50% (95% Cl, 28% to
72%, n=11), respectively, with stable disease >6 months
observed in 3 (7%) and 2 (9%) patients, respectively. The
most common nemvaleukin-related treatment-emergent
adverse event of grade 3—4 was neutropenia (melanoma,
n=27 (57%); RCC, n=9 (33%)). No patients in either cohort
experienced grade >3 treatment-emergent adverse events
(TEAEs) of cytokine release syndrome or infusion-related
reaction. There were no reported capillary leak syndrome
TEAEs. Pharmacokinetic parameters for extent and

1% David F McDermott'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= For patients with melanoma and advanced renal
cell carcinoma (RCC) who do not respond to or
develop resistance to first-line immune check-
point inhibitor (ICl) therapy or subsequent thera-
pies, there is a high unmet need for novel agents
with improved treatment index and safety.

= High-dose recombinant human interleukin-2
(rhIL-2) is approved for melanoma and advanced
RCC; however, it is associated with severe and
life-threatening acute toxicities that restrict its
clinical application and it must be administered
in an inpatient setting.

WHAT THIS STUDY ADDS

= Nemvaleukin alfa (nemvaleukin, ALKS 4230) is a
novel, engineered IL-2 cytokine that demonstrat-
ed durable antitumor activity as monotherapy in
some patients with advanced melanoma or RCC
who were pretreated with ICl therapies.

= Nemvaleukin demonstrated pharmacodynamic
proof of mechanism for preferential expansion of
CD8* T cells and natural killer cells, and had a
manageable safety profile with a low incidence of
treatment discontinuation due to nemvaleukin-
related treatment-emergent adverse events and
no adverse events of capillary leak syndrome.

duration of nemvaleukin exposure were similar between
the two cohorts. Increases in peripheral CD8" T-cell and
natural Killer cell populations from baseline were similar
between the two cohorts, with minimal changes in
regulatory T cells observed.

Conclusions Nemvaleukin demonstrated
pharmacodynamic proof of mechanism, with single-agent
antitumor activity and manageable safety in patients with
advanced melanoma and RCC.

Trial registration number NCT02799095.
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= Nemvaleukin recapitulates the antitumor activity of high-dose rhiL-2
without its hallmark toxicities, thus confirming its design hypothesis
and providing a promising new IL-2 candidate that has potential for
improved therapeutic index and safety as well as supporting further
evaluation of optimal patient subsets, tumor types, and combination
strategies to maximize the therapeutic benefit.

INTRODUCTION

Cytokines and their receptors are key mediators of cell
communication in the tumor microenvironment and
therapies enhancing the immune-stimulating effects of
cytokines have been investigated for decades.' High-dose
recombinant human interleukin-2 (rhIL-2, aldesleukin)
was one of the first immunotherapies approved by the
US Food and Drug Administration: it was approved for
advanced renal cell carcinoma (RCC) in 1992 and for meta-
static melanoma in 1998, with durable efficacy reported
in a subset of patients.”® However, the high doses of IL-2
required to achieve clinical efficacy via activation of the
intermediate-affinity IL-2 receptor (IL-2RBy) also result
in a potent interaction with the high-affinity TL-2Rofy
leading to regulatory T cell (T, ) expansion-mediated
immunosuppression, which can potentially limit the anti-
tumor activity of IL-2 treatment.” Furthermore, high-dose
IL-2 is associated with severe and life-threatening acute
toxicities (via vascular endothelial cell activation), such as
capillary leak syndrome, which contributes to end-organ
injury, thereby severely restricting its clinical application
to medically fit patients and in an inpatient setting.”®*

In comparison, immune checkpoint inhibitors (ICIs),
particularly programmed cell death protein-1 (PD-1)
inhibitors, have proven effective in treating a diverse spec-
trum of advanced solid tumors, increasing rates of overall
survival compared with standard cancer treatments and
allowing long-term remission.'** ICI-based combination
therapies, especially those incorporating PD-1 inhibitors,
are now the standard of care as the first-line treatments for
advanced RCC and metastatic melanoma, and improved
survival has been observed with the combination of ipili-
mumab with nivolumab for both tumor types.'™™” Despite
these positive outcomes, a significant subset of patients
remain unresponsive to ICIs, encounter tolerability chal-
lenges, or develop resistance to these treatments.'> >
Additionally, second-line treatment with ICIs or their
combinations after progression on prior ICI therapy has
not proven effective.”' **

Nemvaleukin alfa (nemvaleukin, ALKS 4230) is a novel,
engineered IL-2 variant that selectively binds and signals
through the intermediate-affinity IL-2R complex (IL-
2RBy) on CD8" cells and natural killer (NK) cells in the
tumor microenvironment and in the periphery.® ** This
signaling results in preferential activation and expansion
of tumor-killing CD8" T cells and NK cells, with minimal
expansion of T, thereby mitigating the risk of toxicities

and immunosuppression associated with binding of IL-2
to the high-affinity IL-2R.** ** Furthermore, nemvaleukin
is inherently active, does not require metabolic or proteo-
Iytic conversion, and does not degrade into native IL-2.*

ARTISTRY-1 (NCT02799095) is a three-part, first-in-
human study that demonstrated antitumor activity of
intravenous nemvaleukin monotherapy and nemvaleukin
plus pembrolizumab in heavily pretreated adults with
advanced solid tumors, and the manageable safety profile
allowed for outpatient administration that was previously
not achieved with high-dose rhIL-2.*> We report in-depth
results from the dose expansion part B of ARTISTRY-1,
which investigated single-agent antitumor activity, safety,
pharmacokinetics, and pharmacodynamics of intrave-
nous nemvaleukin monotherapy at the recommended
phase 2 dose (RP2D) in patients with heavily pretreated
advanced melanoma and RCC.

METHODS

Study design and treatments

ARTISTRY-1 is a global, multicenter, open-label, phase
1/2 study that enrolled patients at 32 sites in seven
countries. This was a three-part study comprising Part A
(dose-escalation monotherapy), Part B (dose-expansion
monotherapy), and Part C (combination therapy with
pembrolizumab).

Procedures and dosing details have been described
previously.” Briefly, RP2D of nemvaleukin was deter-
mined to be 6pg/kg once daily for 5 consecutive days
(from day 1 to day 5) in a 21-day cycle based on Part A of
ARTISTRY-1. Patients in the nemvaleukin monotherapy
dose expansion group (Part B) received nemvaleukin as a
30min intravenous infusion at the RP2D in an outpatient
setting; cycle 1 was 14 days (9 days off treatment), cycles
2+ were 21 days (16 days off treatment).

The study protocol and all amendments were approved
by the institutional review board or independent ethics
committee at each site. An independent data-monitoring
committee monitored safety and efficacy data and overall
study conduct. All participants provided written informed
consent according to the principles of the Declaration of
Helsinki.

Study population

Eligible patients in part B of the ARTISTRY-1 study were
aged >18 years, had at least one lesion that qualified as
a target lesion based on Response Evaluation Criteria
In Solid Tumors (RECIST), and an Eastern Cooperative
Oncology Group performance status of 0 or 1. Patients
were enrolled in advanced melanoma or RCC cohorts.
Patients with advanced melanoma had received an ICI (eg,
anti-programmed death/anti-PD ligand-1 (anti-PD(L)1)
with or without anti-cytotoxic T-lymphocyte-associated
protein-4 (CTLA-4)) and, if appropriate, a molecularly
targeted agent (eg, BRAF inhibitor if BRAFmut), and
no more than one prior cytotoxic chemotherapy. For the
advanced RCC cohort, patients could enroll regardless of
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their previous exposure to checkpoint inhibitors. Patients
who had received prior anti-PD(L)1 therapy must have
received a PD(L)1 ICI, either as a monotherapy or in
combination with a CTLA-4 inhibitor or a vascular endo-
thelial growth factor receptor tyrosine kinase inhibitor.
Additionally, these patients with prior anti-PD (L) 1 therapy
exposure were limited to having no more than two prior
lines of systemic therapies, including the checkpoint
inhibitor-based regimen. Patients previously treated with
ICI either as a single-agent or in a combination regimen
had experienced objective response or stable disease
(by RECIST or RECIST in patients undergoing immu-
notherapy (iRECIST) as best overall response); patients
with progressive disease as best response were eligible on
a case-by-case basis with approval by the medical monitor.
Patients with active autoimmune disease requiring
systemic treatment within the past 3 months or docu-
mented history of clinically severe autoimmune disease
that required systemic steroids or immunosuppressive
agents, or prior IL-2-based or IL-15-based therapy were
excluded from the study.

Study objectives and endpoints
The objectives and endpoints of ARTISTRY-1 have been
described previously.”” Primary objectives of Part B were
to characterize antitumor activity by overall response rate
(ORR) and to assess the safety profile of nemvaleukin
monotherapy at the RP2D in patients with melanoma or
RCC. The primary endpoints of the ARTISTRY-1 study
for Part B were ORR based on RECIST V.1.1 and inci-
dence and severity of treatment-emergent adverse events
(TEAEs) according to the National Cancer Institute
(NCI) Common Terminology Criteria for Adverse Events
(CTCAE) V.4.03 or higher. Secondary endpoints were
serum concentrations of nemvaleukin and descriptive
pharmacokinetic parameters, presence of antidrug anti-
bodies (ADAs) in serum, disease control rate (DCR) and
duration of response based on RECIST, progression-free
survival (PFS), and numbers of circulating CD8" T cells,
T, and NK cells in peripheral blood.

regs
Study assessments
Antitumor activity was determined by the measure-
ment of extent of known disease at baseline and at the
end of cycle 2 but before the next treatment cycle. For
subsequent cycles, assessments were done at the end of
each even-numbered treatment cycle (eg, cycles 4, 6)
but before the next treatment cycle. Appropriate radio-
logical procedures (CT scanning, MRI, radionuclide
imaging) were conducted to evaluate areas of disease.
Superficial skin tumors were measured with calipers and
photographed for evaluation. Per RECIST, tumors were
assessed for complete response, partial response, stable
disease, or progressive disease. The ORR was calculated
as the proportion of patients with confirmed complete
response or partial response per RECIST V.1.1. PFS was
defined as the time from the first dose of nemvaleukin to
the first documentation of objective tumor progression

or death due to any cause. The DCR was defined as
the proportion of patients with objective evidence of
complete response, partial response (where complete
response or partial response required confirmation), or
stable disease (where the stable was required to occur at
cycle 4 or later).

Safety was evaluated based on adverse events (AEs),
vital signs and weight, clinical laboratory tests, and stan-
dard 12-lead electrocardiograms. TEAEs were defined as
AEs that occurred or worsened after the first dose of study
drug. Reported AE terms were coded using the Medical
Dictionary for Regulatory Activities V.25.0. Severity of
AEs was graded using NCI CTCAE V.4.03 or higher. A
serious AE (SAE) was any AE, occurring at any dose and
regardless of causality, that resulted in death, or was life-
threatening and posed immediate risk of death from the
reaction as it occurred, required inpatient hospitalization
or prolongation of existing hospitalization, or resulted in
persistent or significant disability/incapacity or congen-
ital anomaly/birth defect.

Serum samples for evaluation of nemvaleukin pharma-
cokinetics were obtained from each patient at predeter-
mined time points outlined in the online supplemental
methods. Non-compartmental pharmacokinetic analysis
was performed to estimate the pharmacokinetic param-
eters for nemvaleukin. Serum samples for evaluation of
ADA induction were obtained from each patient at prede-
termined time points (online supplemental methods).
Concentrations of nemvaleukin and its antibody in human
serum were quantified using a validated electrochemilu-
minescence method using the Meso Scale Discovery plat-
form. The assessment of immune-response induction for
each patient was based on the comparison of the predose
and postdose sample results. The pharmacodynamic
effect of nemvaleukin was assessed by measuring circu-
lating CD8" T cells, NK cells, and T, in peripheral blood
by flow cytometry from each patient at predetermined
time points (online supplemental methods).

Statistical analysis

The nemvaleukin monotherapy dose expansion was
designed to enroll patients in each of two cohorts based
on tumor type and prior therapy. The sample size of each
cohort was chosen based on Simon’s two-stage design for
phase 2 studies.”® Enrollment to these cohorts followed a
partial response (unconfirmed) Simon’s two-stage design
enrollment where the target desirable response rate was
20% and the undesirable response rate was 5%, with the
assumed alpha of 0.05 and power of 90%. A total of 21
patients could be enrolled for each cohortin the first stage
and 20 patients could be enrolled in the second stage if
partial response/complete response was >2. Enrollment
was halted in the RCC cohort due to lower than antici-
pated response rates observed after sufficient follow-up
to allow for an assessment of response among the first 19
patients. The data were presented by expansion cohorts
with specified tumor types (melanoma (including cuta-
neous, mucosal, ocular, and acral subtypes), and RCC)
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and overall. No more than five patients with ocular mela-
noma could be enrolled into the melanoma cohort.

The safety population included all patients who
received at least one dose of nemvaleukin. The antitumor
evaluable population included patients who completed
two cycles of therapy and had at least one follow-up scan.
The pharmacokinetics and pharmacodynamics popula-
tions included all patients who received at least one dose
of nemvaleukin and had at least one measurable serum
concentration of nemvaleukin at any scheduled phar-
macokinetic time and at least one available postbaseline
pharmacodynamic measurement, respectively. Safety data
were summarized using descriptive statistics. ORR was
summarized by frequency counts, percentage, and 95%
CIs. The median PFS was estimated using Kaplan-Meier
methodology along with the two-sided 95% CIs based on
the antitumor evaluable population.

Patient and public involvement

Although patients made important contributions to this
research as study participants, patients and members
of the public were not involved with the research study
design, recruitment, or conduct of the study presented
in this manuscript. Further, they are not involved in the
dissemination of study results.

RESULTS

Patients

From July 2016 to June 2021, 299 patients were screened;
56 (19%) did not meet eligibility criteria. Of the 243
patients treated in ARTISTRY-1, 74 from part B in the
melanoma (n=47) and RCC (n=27) cohorts received
nemvaleukin monotherapy (online supplemental figure
1). At data cut-off (March 27, 2023, for the RCC cohort;
September 27, 2023, for the melanoma cohort), 73 of the
74 patients (99%) had discontinued treatment, the most
common reason being progressive disease.

Baseline demographics and clinical characteristics are
shown in table 1. The median age was 66 years (range
37-82) in the melanoma cohort and 69 years (39-77) in
the RCC cohort. The majority of the patients were male
(melanoma, 53%; RCC, 89%) and were heavily pretreated,
with a median of 2-3 prior lines of therapy (range 1-8).
Prior immunotherapy exposure included anti-PD-1/anti-
PD-L1 therapy, anti-CTLA-4 therapy, and combination
anti-PD-1+anti-CTLA-4 therapy. Some patients received
multiple lines or combinations of immunotherapies
(table 1). A total of 19 (40%) patients in the melanoma
cohort had high baseline lactate dehydrogenase levels;
the median (range) level was 438 U/L (233-1921U/L).
A total of 23 (85%) patients in the RCC cohort had clear-
cell RCC histology (table 1).

Efficacy

A total of 46 patients from the melanoma cohort and 22
patients from the RCC cohort were included in the anti-
tumor evaluable population. Overall confirmed response

rate (95% CI; n) in melanoma and RCC cohorts was 9%
(95% CI, 2% to 21%, n=4) and 14% (95% CI, 3% to 35%;
n=3), respectively (table 2). All four confirmed responses
in the melanoma cohort were partial responses; 3 of 30
(10%) were in patients with cutaneous melanoma, and
1 of 6 (17%) was in mucosal melanoma. DCR in both
melanoma and RCC cohorts was 50% (95% CI, 35% to
65%; n=23 and 95% CI, 28% to 72%; n=11), respectively.
Within the melanoma cohort, 3 patients with mucosal
melanoma, 21 patients with cutaneous melanoma, 5
patients with ocular melanoma, and 4 patients with acral
melanoma had stable disease. Two patients from the
cutaneous melanoma subgroup and one from the acral
melanoma subgroup had stable disease for more than
6 months (table 2). In the RCC cohort, all confirmed
responders had partial response and had been treated
previously with an ICL 12 (55%) patients had stable
disease, and 2 patients (9%) had stable disease for more
than 6 months (table 2). The duration of treatment
by overall response for the cutaneous melanoma and
mucosal melanoma subgroups and for the RCC cohort is
shown in figure 1. Notably, one response in the cutaneous
melanoma subgroup lasted for at least 57 weeks, and one
response in the mucosal melanoma subgroup lasted for at
least 164 weeks; both responses were ongoing at the time
of data cut-off. In the RCC cohort, the longest duration
of response observed was 94 weeks, with disease progres-
sion documented prior to final study closure. Maximum
reduction in tumor size of at least 30% was observed in
six patients in the melanoma cohort (13%) and in four
patients in the RCC cohort (17%) (online supplemental
figure 2). Median PFS (95% CI) in the melanoma and
RCC cohorts was 16.4 weeks (10.6 to 17.1) and 12.4 weeks
(4.4 to 22.6), respectively. In the melanoma cohort,
6-month and 1-year PFS rates were 14% and 11%, respec-
tively. In the RCC cohort, 6-month and l-year PFS rates
were 19% and 10%, respectively (table 2).

Safety

Patients in both melanoma and RCC cohorts received
a median of six treatment cycles (online supplemental
table 1). The median duration of exposure to nemva-
leukin monotherapy in both melanoma and RCC cohorts
was 14.7 weeks. The relative dose intensity was high in
both melanoma and RCC cohorts, with a median of 98%.
Rates of dose interruptions and reductions were consis-
tent across cohorts (online supplemental table 1).

In the melanoma and RCC cohorts, 45 (96%) and 27
(100%) patients, respectively, experienced at least one
nemvaleukin-related treatment-emergent adverse event
(TRAE), and 36 (77%) and 20 (74%) patients experi-
enced at least one grade 3—4 TRAE (table 3). The most
common TRAEs (>25%) of any grade in the melanoma
cohort included fever (n=32 (68%)), nausea (22 (47%)),
and neutropenia (22 (47%)). In the RCC cohort, the
most common TRAEs (>25%) of any grade included
fever (n=16 (59%)), chills (14 (52%)), and neutropenia
(11 (41%)). The most common grade 3-4 TRAE was
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Table 1 Baseline demographics and clinical characteristics

Melanoma RCC Overall

Characteristic n=47 n=27 N=74
Age, years, median (range) 66 (37-82) 69 (39-77) 67 (37-82)
Sex

Male 25 (53) 24 (89) 49 (66)

Female 22 (47) 3(11) 25 (34)
Race

White 42 (89) 25 (93) 67 (91)

Black or African American 0 14) 1(1)

Asian 5(11) 14) 6 (8)
ECOG performance status

0 23 (49) 7 (26) 30 (41)

1 24 (51) 20 (74) 44 (60)
Prior lines of therapy, median (range) 3 (1-8) 2 (1-8) 2 (1-8)
Prior lines of therapy

1 12 (26) 7 (26) 19 (26)

2 9(19) 10 (37) 19 (26)

3 15 (32) 5(19) 20 (27)

4 7 (15) 0 7 (10)

B 2 (4) 3(11) 5(7)

>5 2 (4) 2 (7) 4 (5)
Prior immune checkpoint inhibitors*

Anti-PD-1 45 (96) 15 (56) 60 (81)

Anti-PD-L1 3 (6) 2 (7) 5(7)

Anti-CTLA-4 17 (36) 4 (15) 21 (28)

Anti-PD-1+anti-CTLA-4 3 (6) 14) 4 (5)
Baseline LDH within normal limits

n 28 (60) - -

Median (range), U/L 187 (109-529) - -
Baseline LDH above normal limits

n 19 (40) - -

Median (range), U/L 438 (233-1921) — —
RCC histologyT, n (%) = -

Clear-cell - 20 (74) -

Clear-cell and oncocytoma - 14) -

Clear-cell and non-clear-cell - 14) -

Clear-cell with rhabdoid features - 14) -

Data are presented as number of patients (%) unless otherwise noted.

*Of 60 patients with prior anti-PD-1 therapy exposure (included nivolumab, pembrolizumab, or unspecified anti-PD-1 therapy), 11 (10 in
melanoma cohort, 1 in RCC cohort) had received two lines. All five patients who had received anti-PD-L1 (either atezolizumab or avelumab)
as prior immunotherapy had also received anti-PD-1 therapy. All patients who received prior anti-CTLA-4 therapy (ipilimumab) had also
received anti-PD-1 therapy, with one patient in the melanoma cohort having received two lines of anti-CTLA-4 therapy and one line of anti-
PD-L1 therapy and one patient in the RCC cohort having received one line of anti-PD-1 and one line of anti-PD-1+anti-CTLA-4 therapy.

Of four patients who received prior anti-PD-1+anti-CTLA-4 (ipilimumab-+nivolumab), three in the melanoma cohort had received anti-PD-1
therapy and one in the RCC cohort had received one line of anti-PD-1 and one line of anti-PD-L1 therapy. No patients were treated with prior
anti-PD-1+TKI regimen (pembrolizumab-+axitinib).

TThree patients had non-clear cell RCC histology. Histology data were not available per site for one patient.

CTLA-4, cytotoxic T-lymphocyte-associated protein-4; ECOG, Eastern Cooperative Oncology Group; LDH, lactose dehydrogenase; PD-1,
programmed cell death protein-1; PD-L1, programmed death ligand 1; RCC, renal cell carcinoma.
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Table 2 Summary of nemvaleukin antitumor activity (by RECIST V.1.1)

Overall Prior ICl in RCC
Mucosal Cutaneous Ocular Acral melanoma RCC Yes No
n=6 n=30 n=6 n=4 N=46 N=22 n=11 n=11
Overall response rate, n 1(17) 3(10) 0 0 4(9) 3 (14) 3 (27) 0
(%) (0.4 to 64.1) (2.1 to 26.5) (2.4t020.8) (29t034.9) (6.0to
(95% Cl) 61.0)
Best overall response, n (%)
Complete response 0 0 0 0 0 0 0 0
Partial response 1(17) 3 (10) 0 0 4(9) 3 (14) 3 (27) 0
Stable disease 3 (50) 21 (70) 5 (83) 4 (100) 33 (72) 12 (55) 5 (46) 7 (64)
Stable disease >6 0 2(7) 0 1 (25) 3(7) 2(9) 1(9) 1(9)
months
Progressive disease 2 (33) 6 (20) 1(17) 0 9 (20) 7 (32) 3 (27) 4 (36)
DCR, n (%) 2 (33) 15 (50) 4 (67) 2 (50) 23 (50) 11 (50) 6 (55) 5 (46)
(95% Cl) (4.3t077.7) (31.3t068.7) (22.3to (6.8to (84.9t065.1) (28.2t071.8) (23.4to (16.7 to
95.7) 93.2) 83.3) 76.6)
PFS, weeks, median 13.1 17.0 16.6 11.3 16.4 12.4 - -
(95% Cl) (41toNE) (10.6t022.3) (4.0to (10.6to (10.6to17.1) (4.4t022.6)
NE) NE)
6-month PFS rate (%) 17 18 0 NE 14 19 - -
1-year PFS rate (%) 17 13 0 NE 11 10 - -

Responses are assessed as complete response, partial response, stable disease, or progressive disease based on Response Evaluation
Criteria In Solid Tumors (RECIST) V.1.1. Only confirmed responses are shown; among patients with stable disease, unconfirmed responses
were reported in two with melanoma and in one with RCC. The best overall response is the best response recorded from the start of the study
treatment until the disease progression/recurrence. Overall response rate is defined as the percentage of patients who achieve a complete
response or partial response based on RECIST V.1.1. DCR is defined as the percentage of patients who achieve a confirmed complete
response, partial response, or stable disease at cycle 4 or later based on RECIST V.1.1. For both overall response rate and DCR, the two-

sided 95% Cl was estimated by Clopper-Pearson method.

DCR, disease control rate; ICl, immune checkpoint inhibitor; NE, not estimable; PFS, progression-free survival; RCC, renal cell carcinoma.

neutropenia (27 (57%) patients in the melanoma cohort
and 9 (33%) patients in the RCC cohort). Nemvaleukin-
related SAEs were reported in 7 (15%) patients in the
melanoma cohort and in 8 (30%) patients in the RCC
cohort. Five (7%) patients (1 (2%) in the melanoma
cohort and 4 (15%) in the RCC cohort) experienced an
infusion-related reaction (IRR). One (2%) patient in the
melanoma cohort reported cytokine release syndrome
(CRS). No CRS/IRR events of grade >3 were observed in
any cohort. There were no reported TEAEs of capillary
leak syndrome and febrile neutropenia in Part B. Admin-
istration of growth factors was permitted for the manage-
ment of neutropenia, and 4 (5%) patients received
filgrastim in Part B. The number of TRAEs leading to
treatment discontinuation was low: only 2 (4%) patients
from the melanoma cohort and 1 (4%) patient from the
RCC cohort. In the melanoma cohort, dose interruptions
and dose reductions due to TRAEs were reported in 40%
(n=19) and 11% (n=5) of patients, respectively. In the
RCC cohort, dose interruptions and dose reductions due
to TRAEs were reported in 44% (n=12) and 4% (n=1)
patients, respectively. There were no grade 5 TRAEs. One
death due to COVID-19 was reported in the RCC cohort

and was considered unrelated to study drug treatment
(table 3).

Pharmacokinetics and pharmacodynamics

Following the first intravenous infusion of 6pg/kg
nemvaleukin in cycle 1 or cycle 2 in patients with mela-
noma or RCC (online supplemental figure 3A), mean
serum nemvaleukin concentrations were similar between
cohorts. Serum nemvaleukin peak concentrations were
observed at end of infusion (30min after start of infu-
sion). Serum nemvaleukin concentrations showed a slow
monophasic decline and remained detectable by 24 hours
post dose for both cohorts. Serum nemvaleukin mean
predose (trough) concentration following once-daily
intravenous infusion of 6 pg/kg nemvaleukin for 5days
showed that both the melanoma and RCC cohorts had
decreasing trough levels from cycle 1day 2 up to cycle
lday 5. Mean serum nemvaleukin trough levels were
more stable during cycle 2, where steady state seemed
to be reached on cycle 2day 2 (online supplemental
figure 3B). For patients in both the melanoma and RCC
cohorts, following the first intravenous infusion of 6pg/
kg nemvaleukin on cycle 1day 1, serum nemvaleukin
area under the concentration-time curve from time 0 to

6

Calvo E, et al. J Immunother Cancer 2025;13:€010777. doi:10.1136/jitc-2024-010777

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z 1290100 0T Uo wod fwgounly:sdny woly papeojumod 'Sz0z 1shBny ¢ uo ///70T0-720z-0ul/9eTT 0T Se payslignd 1siiy :1aoue) jo Adesay ] ounwiwi Joy peuinop


https://dx.doi.org/10.1136/jitc-2024-010777
https://dx.doi.org/10.1136/jitc-2024-010777
https://dx.doi.org/10.1136/jitc-2024-010777

Open access

I

v

(4) 7

SB8ER
N
’ |

IS
L 2
L 2
L 2
IS
IS
IS
IS
1senb Aq 520z 1990190 0T U0 wod:fwg-only/:sdny woiy papeojumoq ‘520z 1SNBNy ¢ Uo £/2/70T0-7202-0Ul/9STT 0T Se paysignd 1s1y :19oued Jo AdelayLounwiw| 1oy [euinor

(1)

(Prior lines of therapy)
32
L1

[> Ongoing response
Partial response

¢ Stable disease

® Progressive disease

T T T
100 110 120

o 4
-
o
N
o
w
o
N
o
[$)]
o
[2]
o
~
o
[e:]
o
[{e}
o

Time on treatment (weeks)

B
ey B R R R R R B B R __§ B &R R _§_ R N [
> (3) H mmmem———
.g s 23; | E—— > Ongoing response
_3 & (1) o e e Partial response
£5 (4) - menw 4 Stable disease
a%s (2 e K )
= ° @ ® Progressive disease
T T T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Time on treatment (weeks)
C
(1) * e o
(3) - * ) * ) ) ) ) ) () ° ) ° ° ) om0
() - * £ 3 . . e o ____ )
(1) — £3 * * ) e @0
() £ £3 * * * @0
(1) — £3 *
(3) - * £3 . ) { )
— @ * * * [} 0)
> (1) o (3 @0
2 (1) A T e e
s (@4 ° ° @m0
£ (5 e e
s 6 * * *
o M- () )
o (3) £ (3
£ @ L — ) ° ° °
= (5 o £3
2 () me
o (3) )
= @A &0
(8) e0
g; ] Partial response
(2) H ° ¢ Stable disease
(g) 7] ® Progressive disease
22; 4. e O Rollover to Part C
T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120

Time on treatment (weeks)

Figure 1 Duration of treatment and response evaluation in (A) cutaneous melanoma (B) mucosal melanoma, (C) renal cell
carcinoma. Each bar represents one patient from the first dose until the end of treatment. The number of prior lines of therapy
that each patient received is indicated by the number in parentheses. Both confirmed and unconfirmed responses are shown.
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Table 3 Summary of nemvaleukin-related treatment-

emergent adverse events

Melanoma RCC
N=47 N=27
Any grade nemvaleukin- 45 (96) 27 (100)
related TEAEs, n (%)
Nemvaleukin-related grade 36 (77) 20 (74)
3-4 TEAEs, n (%)
Nemvaleukin-related grade 0 0
5 TEAEs, n (%)
Nemvaleukin-related 7 (15) 8 (30)
serious TEAEs, n (%)
Nemvaleukin-related 2 (4) 1)
TEAEs leading to
treatment discontinuation,
n (%)
Nemvaleukin-related 19 (40) 12 (44)
TEAEs leading to dose
interruptions, n (%)*
Nemvaleukin-related 5(11) 14)
TEAEs leading to dose
reductions, n (%)t
Most frequent
nemvaleukin-related
TEAEs (>25%), n (%)
Fever 32 (68) 16 (59)
Nausea 22 (47) 6 (22)
Neutropenia 22 (47) 11 (41)
Chills 21 (45) 14 (52)
Hypotension 20 (43) 5(19)
Aspartate 16 (34) 7 (26)
aminotransferase
increased
Alanine 16 (34) 6 (22)
aminotransferase
increased
Anemia 13 (28) 7 (26)
Fatigue 11 (23) 7 (26)
Vomiting 11 (23) 3(11)
Most frequent grade
>3 nemvaleukin-related
TEAEs (>5%), n (%)
Neutropenia 27 (57) 9 (33)
Anemia 5(11) 2(7)
Alanine 3 (6) 2(7)
aminotransferase
increased
Aspartate 3 (6) 1(4)
aminotransferase
increased
Blood pressure 1@) 2(7)
increased
Chills 3 (6) 14)
Continued

Table 3 Continued

Melanoma RCC
N=47 N=27
Hyperbilirubinemia 0 2(7)
Patients with at least 1 1@) 0
CRS TEAE
Grade 1-2 1) 0
Grade 3-5 0 0
Patients with at least 1 IRR 1 (2) 4 (15)
TEAE
Grade 1-2 1) 4 (15)
Grade 3-5 0 0
Patients with at least 1 0 0
CLS TEAE

*In the melanoma cohort, nemvaleukin-related TEAEs
leading to dose interruptions included neutropenia in

9 (19%) patients, alanine aminotransferase increase in

4 (9%) patients, anemia in 3 (6%) patients, aspartate
aminotransferase increase in 2 (4%) patients; blood
creatinine increase, abnormal liver function test, fatigue,
chest discomfort, chest pain, hypertransaminasemia,
acute myocardial infarction, hypophosphatemia, arthritis,
rash, overdose, hypoesthesia, and hypotension in 1 (2%)
patient each. In the RCC cohort, nemvaleukin-related
TEAEs leading to dose interruptions included neutropenia,
blood creatinine increase, and hyperbilirubinemia in 2 (7%)
patients each; thrombocytopenia, alanine aminotransferase
increase, aspartate aminotransferase increase, blood
bilirubin increase, white blood cell decrease, weight
increase, fatigue, asthenia, chills, edema, thirst,
bradycardia, hypophosphatemia, myalgia, oliguria, renal
failure, and hyperhidrosis in 1 (4%) patient each.

TIn melanoma cohort, nemvaleukin-related TEAEs leading
to dose reductions included chills in 3 (6%) patients;
neutropenia, alanine aminotransferase increase, aspartate
aminotransferase increase, and blood bilirubin increase

in 1 (2%) patient each. In RCC cohort, nemvaleukin-
related TEAEs leading to dose reductions prompted by
nemvaleukin-related TEAEs included fatigue in 1 (4%)
patient.

CLS, capillary leak syndrome; CRS, cytokine release
syndrome; IRR, infusion-related reaction; RCC, renal cell
carcinoma; TEAE, treatment-emergent adverse event.

24 hours post dose and to last quantifiable concentration
was comparable (online supplemental table 2). Serum
nemvaleukin maximum concentration (C ) was 106ng/
mL in the melanoma cohort and 132ng/mL in the RCC
cohort. Serum nemvaleukin mean predose concentration
(C‘mugh) values in both cohorts were consistent with previ-
ously published animal model data.** Median time to
C,,.. and time to last quantifiable concentration occurred
after approximately 0.5 and 23 hours, respectively (online
supplemental table 2).

Of the 74 patients enrolled in the nemvaleukin mono-
therapy dose expansion phase, 71 had a baseline ADA
sample prior to nemvaleukin administration and at least
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one ADA sample taken after drug administration and
were included in the immunogenicity analysis set. After
administration of 6pg/kg daily doses of nemvaleukin
intravenous in patients with melanoma or RCC, posi-
tive ADA was detected in both cohorts at a frequency of
47%-50%. ADAs were detected after a median of 56 or
22 days after the first dose administration in the mela-
noma and RCC cohorts, respectively, and ADA positivity
was observed for a median of 74 and 12 days, respectively.
The median time to resolution was 105 and 21 days in
the advanced melanoma and RCC cohorts, respectively
(online supplemental table 3).

Immunophenotyping in peripheral blood showed
comparable increases from baseline between both treat-
ment cohorts in CD8" T cell and NK cell populations, with
the largest fold change from baseline (FCB) observed at
day 8 (cycle 1) and again at day 22 (cycle 2) (figure 2A and
B). However, the dynamic changes noted with CD8" T-cell
and NK cell populations were not seen with T, in which
the largest increase was observed only during cycle 1 (at
day 5) (figure 2C). The greatest maximum FCB (FCB )
was observed for total NK cells (sixfold, figure 2D)
followed by CD8" T cells (threefold). T . Showed similar
FCB, , (twofold) in both cohorts (ﬁgure 2D).

DISCUSSION
Single-agent cytokine-based therapies such as high-dose
rhlL-2 and interferon-o. have limited clinical application
due to short half-life, narrow therapeutic window, limited
antitumor activity due to upregulation of immunosup-
pressive molecular pathways, and severe toxicities such
as capillary leak syndrome that require inpatient treat-
ment." ? Furthermore, rhIL-2 can only be administered
to medically fit patients due to the significant cardio-
pulmonary sequelae of the CRS toxicity. Nemvaleukin’s
design incorporates a stable fusion protein of the native
IL-2 and IL-2R-00 sequences resulting in an inherently
active cytokine that does not degrade into native I1-2.%
The selective activation of the intermediate affinity IL-2R
by nemvaleukin has the potential to enable reduction of
the severity of CRS and enhance efficacy by activating
immune T cells. The present study confirms the hypoth-
esized design principles of nemvaleukin. Single-agent
nemvaleukin demonstrated antitumor activity in patients
with advanced RCC and melanoma, including the hard-
to-treat mucosal melanoma subtype, and a manageable
safety profile that was consistent with its mechanism of
action. The most frequently reported grade 3 or grade
4 TRAE was neutropenia; events were transient and
manageable with or without nemvaleukin dose modifica-
tions and supportive treatment. Importantly, there were
no reported grade >3 CRS or IRR events and no TEAEs
of capillary leak syndrome, consistent with the on-target
effects of nemvaleukin.

Antitumor responses to nemvaleukin monotherapy
were observed in both the melanoma and RCC cohorts.
Notably, all responders were ICI pretreated. DCR in both

the melanoma and RCC cohorts was 50% and a subset of
patients experienced prolonged stable disease of longer
than 6 months (7% in the melanoma cohort and 9%
in the RCC cohort). Durable objective responses were
observed lasting at least 57 weeks in cutaneous melanoma
and at least 164 weeks in mucosal melanoma, with both
responses ongoing at the time of the data cut-off, and 94
weeks in RCC. Our results are consistent with those of
previous studies of ICI monotherapies where responses
lasting 6-23 months in melanoma and approximately
13-18 months in RCC have been reported in pretreated
patients."* ¥ * Additionally, ORRs ranging from 16%
to 21% have been reported for high-dose rhIL-2, with
durable responses and median PFS of >5 years in long-
term follow-up studies.” > While cross-trial comparisons
should be interpreted with caution, the promising results
with nemvaleukin monotherapy, particularly in ICI-
pretreated patients, suggests that it may have potential as
asingle-agent therapy for the ICI-resistant patient popula-
tion for whom not many treatment options are available.

The pharmacokinetic and pharmacodynamic profiles
of nemvaleukin were favorable in the context of previous
reports of high-dose rhIL-2.*** Pharmacodynamic proof
of mechanism of nemvaleukin was also observed in the
periphery, with an approximate sixfold increase from
baseline in NK cells and a threefold increase for CD8" T
cells consistently during each of the first two cycles of treat-
ment, and minimal expansion observed for T . These
data are aligned with nemvaleukin’s engineering, which
enables selective binding to the intermediate-affinity
IL-2R leading to preferential expansion of proinflamma-
tory immune cells.” ** The results are also in contrast with
the pharmacodynamic changes induced by the investiga-
tional IL-2 agonist bempegaldesleukin with nivolumab in
patients with metastatic melanoma, where an~8-10-fold
expansion of T, _from baseline was observed, with rela-
tively smaller i 1ncreases in CD8" T cells (~2-fold) and NK
cells (~1.5-3-fold), potentially contributing to the lack of
added clinical benefit over nivolumab monotherapy.”
Additionally, nemvaleukin showed no TEAEs of capillary
leak syndrome that are associated with IL-2 binding to the
high-affinity IL2-R,” thereby potentially enhancing the
therapeutic index of IL-2.

This study had a few limitations. Owing to the phase
1/2 study design and rare incidence of mucosal mela-
noma, the sample sizes for each tumor type in this study
were small and there was no comparator arm. There were
multiple amendments to the study resulting in changes to
the definition of efficacy parameters, including updates
in timing of samples/data collection. Additionally, the
execution of the study and some aspects of the continuum
of patient care were impacted during the COVID-19
pandemic. Lastly, limited tissue samples were collected
for pharmacodynamic assessment and further validation
is needed from larger patient populations.

Overall, nemvaleukin demonstrated preliminary anti-
tumor activity in patients with advanced melanoma and
RCC, along with a manageable safety profile, and selective

Calvo E, et al. J Immunother Cancer 2025;13:€010777. doi:10.1136/jitc-2024-010777

9

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Aq Gz0z 1290100 0T Uo wod fwgounly:sdny woly papeojumod 'Sz0z 1shBny ¢ uo ///70T0-720z-0ul/9eTT 0T Se payslignd 1siiy :1aoue) jo Adesay ] ounwiwi Joy peuinop


https://dx.doi.org/10.1136/jitc-2024-010777

Open access 8

—— Advanced melanoma (n=47) Advanced RCC (n=27)

Mean (+SE)
FCB - total CD8* T cells

T T T T T T 1
123 45672829 11 13 15 17 19 21 23 25 27 29 31 33 35
Time (day)

Mean (+SE)
FCB - Total CD16*CD56* NK cells

T T T 1 T T T T T T T T T T T T T 1
56 7 89 1" 13 15 17 19 21 23 25 21 29 A 33 35

Time (day)

(¢)
regs) N
o

|

©
|

Mean (+SE)

FCB - FoxP3* T cells (T
N
|
—

27 T 3 T tT _’_% - -
T T 1T 1T T 11 T T T T T T T T T T T T 1
1234567809 1 13 15 17 19 21 23 25 27 29 31 33 35
Time (day)

*SE
>

max

Mean FCB

|
L
I

1 T T T
Total CD8* T cells Total NK cells

regs

Figure 2 Peripheral immune cell changes following intravenous infusion of 6 ug/kg nemvaleukin in melanoma and renal
cell carcinoma (RCC) cohorts. Mean (+SE) fold change from baseline in (A) CD8* T cells, (B) natural killer (NK) cells, and
(C) regulatory T cells (T__). (D) Pharmacodynamic maximum fold change from baseline in immunophenotypes on cycle 1, day 1.
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activation of the proinflammatory immune pathways,
supporting its potential as an active and tolerable cyto-
kine therapy. Future research should focus on identifying
optimal patient subsets, tumor types, and combination
strategies to maximize the therapeutic benefit.
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