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ABSTRACT
Background Nemvaleukin alfa (nemvaleukin, ALKS 4230) 
is a novel, engineered cytokine that selectively binds to the 
intermediate- affinity interleukin- 2 receptor, preferentially 
activating CD8+ T cells and natural killer cells, with minimal 
expansion of regulatory T cells, thereby mitigating the risk 
of toxicities associated with high- affinity interleukin- 2 
receptor activation. Clinical outcomes with nemvaleukin 
are unknown. ARTISTRY- 1 investigated the safety, 
recommended phase 2 dose (RP2D), and antitumor activity 
of nemvaleukin in patients with advanced solid tumors.
Methods This was a three- part, open- label, phase 1/2 
study: part A, dose- escalation monotherapy, part B, dose- 
expansion monotherapy, and part C, combination therapy 
with pembrolizumab. The study was conducted at 32 sites 
in 7 countries. Adult patients with advanced solid tumors 
were enrolled and received intravenous nemvaleukin once 
daily on days 1–5 (21- day cycle) at 0.1–10 µg/kg/day (part 
A), or at the RP2D (part B), or with pembrolizumab (part C). 
Primary endpoints were RP2D selection and dose- limiting 
toxicities (part A), and overall response rate (ORR) and 
safety (parts B and C).
Results From July 2016 to March 2023, 243 patients 
were enrolled and treated (46, 74, and 166 in parts A, B, 
and C, respectively). The maximum tolerated dose was not 
reached. RP2D was determined as 6 µg/kg/day. ORR with 
nemvaleukin monotherapy was 10% (7/68; 95% CI 4 to 
20), with seven partial responses (melanoma, n=4; renal 
cell carcinoma, n=3). Robust CD8+ T and natural killer 
cell expansion, and minimal regulatory T cell expansion 
were observed following nemvaleukin treatment. ORR 
with nemvaleukin plus pembrolizumab was 13% (19/144; 
95% CI 8 to 20), with 5 complete and 14 partial responses; 
6 responses were in PD- (L)1 inhibitor- approved and 
five in PD- (L)1 inhibitor- unapproved tumor types. Three 
responses were in patients with platinum- resistant ovarian 
cancer. The most common grade 3–4 treatment- related 
adverse events (TRAEs) in parts B and C, respectively, were 
neutropenia (49%, 21%) and anemia (10%, 11%); 4% of 
patients in each part discontinued due to TRAEs.

Conclusions Nemvaleukin was well tolerated and 
demonstrated promising antitumor activity across heavily 
pretreated advanced solid tumors. Phase 2/3 studies of 
nemvaleukin are ongoing.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The interleukin 2 (IL- 2) pathway is a validated 
immuno- oncology treatment target. High- dose re-
combinant human IL- 2 (rhIL- 2) is approved for the 
treatment of advanced renal cell carcinoma and 
metastatic melanoma; however, it is associated with 
acute toxicities such as capillary leak syndrome that 
severely limit its clinical application to intensive care 
settings.

 ⇒ Nemvaleukin alfa (nemvaleukin, ALKS 4230) is a 
novel, engineered IL- 2 cytokine designed to miti-
gate the risk of toxicities and immunosuppression 
associated with rhIL- 2.

WHAT THIS STUDY ADDS
 ⇒ In the phase 1/2, non- randomized, first- in- human 
ARTISTRY- 1 study of 243 patients, antitumor ac-
tivity of nemvaleukin was observed when it was 
given as monotherapy and in combination with 
the anti- PD- 1 antibody pembrolizumab across ad-
vanced solid tumors, including melanoma, renal cell 
carcinoma, and, most notably, in platinum- resistant 
ovarian cancer, which does not usually respond to 
immunotherapy.

 ⇒ Nemvaleukin was administered in an outpatient 
setting throughout treatment and had a manageable 
safety profile, with a low rate of discontinuation due 
to adverse events.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The manageable safety profile and antitumor activ-
ity of nemvaleukin in a broad range of solid tumors 
support its investigation in large phase 2/3 studies.
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Trial registration number NCT02799095.

INTRODUCTION
Immunotherapies, particularly immune checkpoint 
inhibitors (ICIs), have marked a paradigm shift in the 
treatment of some malignancies.1 Yet, a notable subset of 
patients does not benefit clinically, encounter tolerability 
challenges, or develop resistance to these treatments.1 2 
These patients have few therapeutic options after treat-
ment failure, representing a significant unmet clinical 
need.

The interleukin 2 (IL- 2) pathway is a validated 
immuno- oncology treatment target.3 4 High- dose recom-
binant human IL- 2 (rhIL- 2, aldesleukin) was one of the 
first immunotherapies approved by the US Food and 
Drug Administration for advanced renal- cell carcinoma 
(RCC) in 1992, followed by metastatic melanoma, with 
durable efficacy in patients who had progressed on ICIs 
including antiprogrammed cell death protein- (ligand) 
1 (PD- (L)1) inhibitors.4 5 However, high doses of IL- 2 
needed to achieve antitumor effects via activation of the 
intermediate- affinity IL- 2 receptor (IL- 2R) also result in 
a potent interaction with the high- affinity IL- 2R leading 
to regulatory T cell (Treg) expansion- mediated immuno-
suppression and reduced antitumor activity.3 4 6 Further-
more, high- dose IL- 2 is associated with potentially 
life- threatening acute toxicities such as capillary leak 
syndrome, thereby severely limiting its clinical applica-
tion.4 7 8

Nemvaleukin alfa (nemvaleukin, ALKS 4230) is a novel, 
engineered IL- 2 cytokine that is a stable fusion of circu-
larly permuted IL- 2 to the extracellular portion of the 
IL- 2Rα chain and is sterically occluded from binding 
to the high- affinity trimeric IL- 2R.9 Nemvaleukin selec-
tively binds to the intermediate- affinity IL- 2R complex, 
preferentially activating and expanding tumor- killing 
CD8+ T cells and natural killer (NK) cells, with minimal 
expansion of Tregs, thereby mitigating the risk of toxicities 

and immunosuppression associated with binding of IL- 2 
to the high- affinity IL- 2R (figure 1).9 10 Furthermore, 
nemvaleukin is inherently active, does not require meta-
bolic or proteolytic conversion and does not degrade into 
native IL- 2.9 10 In preclinical studies, nemvaleukin showed 
enhanced pharmacokinetic and preferential pharmaco-
dynamic properties, with improved antitumor efficacy 
and reduced toxicity relative to rhIL- 2.9–11

ARTISTRY- 1 (NCT02799095) is a first- in- human study 
investigating the safety, recommended phase 2 dose 
(RP2D), and antitumor activity of intravenous nemva-
leukin in heavily pretreated patients with advanced solid 
tumors, alone and in combination with the PD- 1 antibody 
pembrolizumab. We present results from the primary 
analysis of ARTISTRY- 1.

METHODS
Study design and participants
ARTISTRY- 1 is a global, multicenter, open- label, phase 
1/2 study that enrolled patients at 32 sites in 7 countries: 
the USA, Australia, Canada, Belgium, Poland, Spain, and 
the Republic of Korea (see the online supplement). This 
was a three- part study comprising part A (dose- escalation 
monotherapy), part B (dose- expansion monotherapy), 
and part C (combination therapy with pembrolizumab).

In part C, patients were allocated to one of seven 
different predefined cohorts according to their tumor 
type (described in online supplemental methods). A 
safety run- in phase determined the safety of combina-
tion therapy with pembrolizumab. Patients in part A or 
part B who experienced progressive disease after two or 
more cycles or stable disease (SD) after at least four cycles 
of nemvaleukin monotherapy could also be enrolled in 
part C as a predefined monotherapy rollover cohort. An 
extension phase was planned for participants who were 
receiving clinical benefit and were completing or had 
completed 1 year of treatment in parts B or C to assess 
long- term safety and effectiveness of nemvaleukin mono-
therapy or combination with pembrolizumab.

Eligible patients were aged ≥18 years, with an Eastern 
Cooperative Oncology Group performance status of 0 
or 1. Patients were enrolled as follows: part A: advanced 
solid tumors including lymphomas, part B: advanced 
melanoma or RCC, and part C: any advanced solid tumor. 
Detailed eligibility criteria are provided in online supple-
mental methods.

Study treatment
Procedures in part A for determining dose- limiting 
toxicities (DLTs) and maximum tolerated doses (MTDs) 
are described in online supplemental methods, as are 
dosing details for parts B and C. Briefly, patients in part 
B received nemvaleukin as a 30 min intravenous infusion 
at the RP2D once daily for five consecutive days; cycle 1 
was 14 days (9 days off treatment), cycles 2+ were 21 days 
(16 days off treatment). In part C, a safety run- in cohort 
was implemented for the first three patients who received 

Nemvaleukin

Treg cell CD8+ T cell
NK cell

High-affinity
receptor-bearing cell

Intermediate-affinity
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α β γ
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Figure 1 Mechanism of action of nemvaleukin. Nemvaleukin 
is designed to selectively bind to the intermediate- affinity 
dimeric interleukin- 2 receptor and is sterically occluded from 
binding to the high- affinity trimeric interleukin- 2 receptor. 
Adapted from Lopes et al.9 10 under the CC BY- NC Attribution 
4.0 International license. NK, natural killer; Treg, regulatory T 
cell.
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intravenous nemvaleukin 1 µg/kg/day plus pembroli-
zumab. Subsequently, patients were enrolled into cohorts 
1–4 to receive intravenous nemvaleukin 3 µg/kg/day or 
at RP2D once daily for five consecutive days plus intrave-
nous pembrolizumab 200 mg on day 1 of a 21- day cycle. 
After RP2D determination, patients were enrolled into 
tumor- specific cohorts 5–7 to receive nemvaleukin at the 
RP2D plus intravenous pembrolizumab 200 mg on day 
1 of each cycle (pembrolizumab infusion administered 
before nemvaleukin).

Patients received combination treatment for a maximum 
of 2 years (initial plus extension phase). Beyond 2 years, 
patients could continue nemvaleukin as monotherapy if 
they did not meet any discontinuation criteria. Protocol- 
defined cycle delays and treatment discontinuations are 
described in online supplemental methods.

Safety was assessed throughout the treatment period 
and up to 30 days after last dose (up to 90 days for serious 
adverse events (AEs)). DLTs were nemvaleukin- related 
AEs that were observed during the interval from cycle 
1 day 1 to cycle 2 day 15 (online supplemental methods). 
AEs were graded according to National Cancer Insti-
tute Common Terminology Criteria for Adverse Events, 
versions 4.03 and 5.0.

Tumor assessments were conducted at baseline and 
at the end of even- numbered cycles (eg, cycles 2, 4, 6). 
Detailed pharmacokinetic and pharmacodynamic assess-
ments are described in online supplemental methods.

Outcomes
The primary objectives of part A were to evaluate the 
safety and tolerability and determine the MTD and RP2D 
of nemvaleukin, and for part B to assess safety and anti-
tumor activity of nemvaleukin monotherapy at the RP2D. 
For part C, the primary objective was to characterize the 
safety and antitumor activity of nemvaleukin in combi-
nation with pembrolizumab. The primary end point for 
part A was the incidence of DLTs and for parts B and C 
was overall response rate (ORR), defined as the propor-
tion of patients with a complete response (CR) or partial 
response (PR). ORR was based on investigator review of 
the radiographic or photographic images, per Response 
Evaluation Criteria in Solid Tumors V.1.1. Secondary 
objectives and end points are described in online supple-
mental methods.

Statistical analysis
A 3+3 design was used to determine the MTD and RP2D 
dose in part A. A sample size of approximately 3–6 
patients per cohort (36–54 in all) was planned assuming 
six or seven dose- escalation levels. In part B, the planned 
sample size was a maximum of 41 evaluable patients in 
each cohort, based on Simon’s two- stage design for phase 
2 studies.12 The assumed alpha was 0.05 and power was 
90%. In part C, a sample size of up to 20 per cohort was 
planned for cohorts 1, 2, and 3 based on clinical consider-
ations; sample size for monotherapy rollover cohort 4 was 
not applicable. Sample sizes for cohorts 5, 6, and 7 were 

planned for up to 53, 42, and 36 patients, respectively, 
based on Simon’s two- stage design with an assumed alpha 
of 0.15 and power of 85%.

Safety, antitumor activity, pharmacokinetic, and phar-
macodynamic data were summarized descriptively. The 
safety population included patients who received at least 
one dose of study treatment. The efficacy- evaluable popu-
lation comprised patients who completed two treatment 
cycles and had at least one follow- up scan. Disease control 
rate (see online supplemental methods for definition) 
and ORR data were summarized by number, percentage, 
and 95% CI. CIs were obtained using an exact approach 
given the small sample size. Additional statistical methods 
are provided in online supplemental methods.

RESULTS
Patients
From July 2016 to March 2023, 299 patients were 
screened; 56 (19%) did not meet eligibility criteria. Of 
243 patients, 46 were treated in part A, 74 in part B, and 
166 in part C (figure 2). Five patients in part A and 38 
in part B rolled over to part C. At data cut- off (March 
27, 2023) for primary analysis, 100% of patients in part 
A, 96% in part B, and 92% in part C had discontinued 
treatment, the most common reason being progressive 
disease. 20 patients remained in study: 4 in part B, 16 in 
part C. Three patients continued on nemvaleukin mono-
therapy beyond 2 years of treatment.

Baseline demographics and clinical characteristics are 
shown in table 1. The median age was 60 years (range 
35–82) in part A, 67 years (37–82) in part B, and 62 
years (24–85) in part C. The most common tumor types 
were melanoma in parts A and B, and melanoma and 
non- small- cell lung cancer in part C. Most patients were 
heavily pretreated, with a median of two to three previous 
lines of therapy (range 1–9).

Part A: determination of nemvaleukin RP2D
In part A, median duration of nemvaleukin monotherapy 
was 7.6 weeks and patients received a median of two treat-
ment cycles (online supplemental table 1). The maximum 
dose tested was 10 µg/kg and the MTD was not reached. 
One DLT of grade 4 acute kidney injury was observed in 
the 10 µg/kg cohort. Treatment- emergent AEs at different 
escalating doses are shown in online supplemental table 
2. Pharmacokinetic analyses showed that nemvaleukin 
exposure increased proportionally with increasing dose 
(online supplemental table 3). Based on the safety and 
pharmacokinetic data, the nemvaleukin RP2D was estab-
lished as 6 µg/kg/day intravenously on days 1–5 of a 
21- day cycle. Pharmacodynamic analysis during the first 
two cycles showed that nemvaleukin induced consistent 
and dose- dependent expansion of NK and CD8+ T cells 
over baseline, while the expansion of Tregs was minimal. 
Peak expansion was seen on day 8 of each cycle (online 
supplemental figure S1).
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https://dx.doi.org/10.1136/jitc-2024-010143
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https://dx.doi.org/10.1136/jitc-2024-010143
https://dx.doi.org/10.1136/jitc-2024-010143
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Part B: efficacy, safety and pharmacodynamic outcomes with 
nemvaleukin monotherapy
In part B, patients received a median of six treatment 
cycles over 18.1 weeks (online supplemental table 1). 
Dose interruptions and dose reductions due to AEs were 
reported in 37 (50%) and 6 (8%) patients, respectively. 
A total of 72 patients (97%) experienced at least one 
nemvaleukin- related treatment- emergent AE (TRAE) 
(table 2 and figure 3). Most TRAEs were grades 1–2 in 
severity. The most common TRAEs (≥20%) of any grade 
included fever (n=48 (65%)), neutropenia (42 (57%)), 
and chills (35 (47%)). Grade 3–4 TRAEs were reported 
in 56 (76%) patients, the most frequent being uncom-
plicated neutropenia (n=36 (49%)) and anemia (n=7 
(10%)) (table 2). There were no grade 5 TRAEs. Serious 
TRAEs of grades 3 and 4 were reported in 10 (14%) and 
3 (4%) patients, respectively. TRAEs leading to treatment 
discontinuation were reported in 3 (4%) patients. One 
death due to COVID- 19 was reported in part B and was 
considered unrelated to study drug treatment.

At primary analysis, confirmed overall responses 
were observed in seven (10% (95% CI 4 to 20)) of 
68 patients treated with nemvaleukin monotherapy; all 
were PRs (table 3). Of observed responses, four were 
in patients with melanoma, including cutaneous and 
mucosal subtypes (ORR 9% (95% CI 2% to 21%)) and 
three in patients with RCC (ORR 14% (95% CI 3% to 
35%)). All responders had been treated previously with a 

PD- (L)1 inhibitor. The median duration of response was 
18.4 weeks (95% CI 6.1 to not estimable). A total of 44 
(65%) of 68 patients experienced SD, five of whom had 
SD for >6 months. Among patients with SD, two with mela-
noma and one with RCC had unconfirmed PR. Further, 
two of six responses (confirmed and unconfirmed) in 
melanoma were in mucosal melanoma.

Pharmacodynamic analysis showed that nemvaleukin 
monotherapy induced the expansion of CD8+ T cells and 
NK cells with a maximum fold change of 6.52 for NK cells 
and 2.53 for CD8+ T cells during the first two cycles of 
treatment (online supplemental table 4). Peak expansion 
of CD8+ T cells and NK cells was noted on day 8 of the 
treatment cycle with minimal expansion of Tregs (online 
supplemental figure S2).

Part C: outcomes with nemvaleukin plus pembrolizumab
Of 166 patients in part C, three received nemvaleukin 
at 1 µg/kg/day during the safety run- in, 137 received 
nemvaleukin at 3 µg/kg/day, and 26 received nemva-
leukin at 6 µg/kg/day daily for 5 days in addition to 
pembrolizumab. Patients received a median of four 
treatment cycles over 12.4 weeks (online supple-
mental table 1). Dose interruptions and dose reduc-
tions due to AEs were reported in 81 (49%) and 3 
(2%) patients, respectively. A total of 162 patients 
(98%) had at least one TRAE (table 2). The most 
common (≥20%) TRAEs of any grade included chills 

243 Treated

46 in part A
(nemvaleukin dose escalation)

74 in part B
(nemvaleukin monotherapy

dose expansion) 

166 in part C
(nemvaleukin plus pembrolizumab

combination therapy) 

46 discontinued treatment
• 23 Progressive disease
• 9 Adverse event
• 8 Clinical progression
• 3 Patient decision
• 1 Death
• 1 Protocol deviation
• 1 Lost to follow-up
5 patients rolled over to part C

Patients analyzed
• 46 Safety
• 34 Antitumor activity

71 discontinued treatment
• 43 Progressive disease
• 11 Patient decision
• 7 Rolled over to part C
• 4 Adverse event
• 4 Death
• 2 Physician decision
38 patients rolled over to part C 

Patients analyzed
• 74 Safety
• 68 Antitumor activity

153 discontinued treatment
• 115 Progressive disease
• 18 Patient decision
• 14 Adverse event
• 3 Death
• 2 Physician decision
• 1 Clinical progression

Patients analyzed
• 166 Safety
• 144 Antitumor activity

299 Screened

56 Failed screening

Figure 2 ARTISTRY- 1 study profile.
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(n=92 (55%)), fever (82 (49%)), and fatigue (48 
(29%)). Grade 3–4 TRAEs were reported in 85 (52%) 
patients; the most frequent were neutropenia (n=35 
(21%)) and anemia (19 (11%)) (table 2). Grade 3 
serious TRAEs were reported in 16 (10%) patients 
and grade 4 in 1 (1%). TRAEs leading to discon-
tinuation were reported in six patients (4%). Four 
deaths were reported of which three (one each due 
to cardiac arrest, pancreatic carcinoma, and large 
intestine perforation) were considered unrelated 
to nemvaleukin by the investigator. One death from 
inanition and progression of disease in a patient with 
pancreatic cancer was assessed by the investigator as 
related to nemvaleukin.

Comprehensive evaluation of the onset and duration of 
neutropenia was limited by the low frequency of planned 
laboratory sampling in the later cycles of nemvaleukin 
treatment. A subset analysis of neutropenia events during 
cycle 1 (n=27), when increased monitoring was required 
(days 1, 3, 5, 8, and 15), showed that the median time to 
onset of neutropenia was 4 days, with 74% of the events 
resolving by day 8 of the cycle (3 days after the last planned 
dose for the cycle) and an additional 15% of events were 
reported as resolved on days 9/10 (5 days after the last 
planned dose for the cycle). There was one case of febrile 
neutropenia in part A. Growth factors were administered 
in some cases for the management of neutropenia. In 
part B, 4 (5%) patients received filgrastim, and in part 
C, 4 (2%) patients received filgrastim, 3 (2%) patients 
received filgrastim- sndz, and 1 (1%) patient received 
granulocyte colony- stimulating factor.

Antitumor activity of nemvaleukin plus pembrolizumab 
was observed across various tumor types, including both 
PD- (L)1 inhibitor approved and unapproved (figure 4, 
table 3), with confirmed overall responses in 19 (13% 
(95% CI 8% to 20%)) of 144 patients (table 3). Overall, 
5 (4%) patients had a CR and 14 (10%) had PRs. The 
median duration of response was 65.0 weeks (95% CI 
21 to 160). Seventy (49%) patients had SD, 15 (10%) 
for >6 months. Confirmed CRs were observed in two 
patients with platinum- resistant ovarian cancer (PROC), 
two with melanoma, and one with Hodgkin’s lymphoma. 
Confirmed PRs were observed in two patients each with 
RCC, non- small- cell lung cancer, and esophageal cancer, 
and in one patient each with bladder cancer, cervical 
cancer, colorectal cancer, pancreatic cancer, small- cell 
lung cancer, squamous cell carcinoma of the head and 
neck, melanoma, and PROC (figure 4). Durable SD 
for >6 months was observed in cervical cancer, bladder 
cancer, non- small- cell lung cancer, PROC, and endome-
trioid cancer (figure 4). Among patients with SD, two 
with melanoma and one each with ovarian cancer, breast 
cancer, and cervical cancer had unconfirmed PR.

Subgroup analysis of part C by cohort and tumor type 
was conducted. The median number of prior lines of 
therapies was three in the PD- (L)1 inhibitor- unapproved 
cohort 1 and PD- (L)1 inhibitor- pretreated cohort 2, 
and two in the PD- (L)1 inhibitor- naive cohort 3. ORR 

Table 1 Baseline demographics and clinical characteristics

Characteristic
Part A
n=46

Part B
n=74

Part C
n=166

Age, years, 
median (range)

60 (35–82) 67 (37–82) 62 (24–85)

  Sex

  Male 27 (59) 49 (66) 85 (51)

  Female 19 (41) 25 (34) 81 (49)

Race

  White 41 (89) 67 (91) 142 (86)

  Black or 
African 
American

4 (9) 1 (1) 15 (9)

  Asian 0 6 (8) 3 (2)

  Other 1 (2) 0 5 (3)

ECOG 
performance 
status

  0 18 (39) 30 (40) 53 (32)

  1 28 (61) 44 (60) 113 (68)

Previous lines of 
therapy, median 
(range)

3 (1–8) 2 (1–8) 3 (1–9)

Primary tumor 
type

  Melanoma 10 (22) 47 (64) 30 (18)

  Non- small- cell 
lung cancer

0 0 29 (18)

  Ovarian 2 (4) 0 17 (10)

  Colorectal 
cancer

0 0 13 (8)

  Renal cell 
carcinoma

6 (13) 27 (36) 12 (7)

  Small- cell lung 
cancer

0 0 8 (5)

  Bladder cancer 0 0 7 (4)

  Head and neck 
cancer

0 0 7 (4)

  Cervical cancer 0 0 6 (4)

  Breast cancer 1 (2) 0 6 (4)

  Sarcoma 2 (4) 0 6 (4)

  Esophageal 
cancer

2 (4) 0 4 (2)

  Pancreatic 
cancer

4 (9) 0 2 (1)

  Uterine 1 (2) 0 1 (1)

  Gastric 1 (2) 0 1 (1)

  Other 17 (37) 0 17 (10)

Data are presented as number of patients (%) unless otherwise 
noted.
ECOG, Eastern Cooperative Oncology Group; ICI, immune 
checkpoint inhibitor.
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among 36 patients in cohort 1 was 14%, with two CRs and 
three PRs (figure 4). No responses were reported in the 
22 patients in cohort 2; 11 had SD, 3 of whom had SD for 
>6 months. ORR among 21 patients in cohort 3 was 29%, 
with 1 CR and 5 PRs; 8 patients had SD, 2 for >6 months. 
Of the 14 evaluable patients with PROC in cohort 1, two 
achieved a CR and one achieved a PR (ORR 21% for 

patients with PROC). One patient each with Hodgkin’s 
lymphoma, bladder cancer, and renal urothelial cancer 
in the PD- (L)1 inhibitor- approved cohort had ongoing 
treatment and clinical benefit for >2 years (figure 4). Of 
the 39 evaluable patients who rolled over to combination 
therapy in cohort 4, 3 achieved PR, and 23 had SD, 6 of 
whom had SD for >6 months.

Table 2 Summary of nemvaleukin- related treatment- emergent adverse events in parts B and C (safety populations)

Event

Part B
n=74

Part C
n=166

Grades 1–2 Grade 3 Grade 4 Grades 1–2 Grade 3 Grade 4

All events 16 (22) 41 (55) 15 (20) 66 (40) 74 (45) 11 (7)

Serious events 2 (3) 10 (14) 3 (4) 10 (6) 16 (10) 1 (1)

Led to discontinuation* 3 (4) 6 (4)

Led to death 0 1 (<1)

Grade 1 or 2 events in ≥10% of patients in either group and corresponding grade 3–4 events

  Pyrexia 47 (64) 1 (1) 0 82 (49) 0 0

  Neutropenia 6 (8) 22 (30) 14 (19) 12 (7) 27 (16) 8 (5)

  Chills 31 (42) 4 (5) 0 92 (55) 0 0

  Nausea 28 (38) 0 0 44 (27) 0 0

  Hypotension 23 (31) 2 (3) 0 35 (21) 0 0

  Aspartate aminotransferase 
increased

19 (26) 3 (4) 1 (1) 16 (10) 8 (5) 0

  Alanine aminotransferase 
increased

17 (23) 5 (7) 0 20 (12) 5 (3) 0

  Anemia 13 (18) 7 (10) 0 16 (10) 19 (11) 0

  Fatigue 17 (23) 1 (1) 0 42 (25) 6 (4) 0

  Headache 15 (20) 0 0 26 (16) 0 0

  Diarrhea 4 (5) 0 0 24 (15) 0 0

  Decreased appetite 13 (18) 1 (1) 0 20 (12) 0 0

  Vomiting 14 (19) 0 0 27 (16) 0 0

  Tachycardia 10 (14) 0 0 28 (17) 0 0

  Dyspnea 8 (11) 0 0 10 (6) 4 (2) 0

  Thrombocytopenia 8 (11) 0 0 15 (9) 3 (2) 0

  Blood pressure increased 4 (5) 3 (4) 0 0 0 0

  Hypocalcemia 5 (7) 0 1 (1) 2 (1) 1 (1) 0

  Infusion- related reaction 5 (7) 0 0 12 (7) 4 (2) 0

  Lymphopenia 3 (4) 1 (1) 1 (1) 8 (5) 13 (8) 3 (2)

  White blood cell count decreased 4 (5) 0 0 18 (11) 2 (1) 0

  Blood creatinine increased 1 (1) 0 0 13 (8) 1 (1) 0

  Blood alkaline phosphatase 
increased

4 (5) 0 0 14 (8) 1 (1) 0

  Arthralgia 5 (7) 0 0 2 (1) 1 (1) 0

Data as of March 27, 2023. Data are presented as number of patients (%).
Adverse events coded using Medical Dictionary for Regulatory Activities, V.25.0. The toxicity severity of adverse events was graded using National Cancer Institute 
Common Terminology Criteria for Adverse Events, V.4.03 and V.5.0.
*In part B, treatment discontinuation was prompted by individual events, including abnormal ECG T waves and elevated troponin I levels in one patient, as well 
as bronchospasm and failure to thrive, each in one patient. In part C, events leading to discontinuation included one instance each of fatigue, cytokine release 
syndrome, infusion- related reaction, starvation, arthralgia, and pneumonitis. Adverse events of grades 1–2 occurring in ≥10% of patients in any group and all 
grade 3 and 4 events are shown. In part B, other grade 3 events were as follows: hypophosphatemia, blood bilirubin increased, and hyperbilirubinemia in 2 (3%) 
patients each; hypokalemia, asthenia, hypertransaminasemia, presyncope, gamma- glutamyltransferase increased, transaminases increased, autoimmune anemia, 
bacteremia, bronchospasm, cellulitis, chest pain, failure to thrive, and hypoxia in 1 (1%) patient each; there was one grade 4 event of immune thrombocytopenia 
and no grade 5 events occurred. In part C, other grade 3 events were as follows: hypertension in 8 (5%) patients; hypophosphatemia, blood phosphorous 
decreased, hypokalemia, hypertransaminasemia, muscular weakness, supraventricular extrasystoles, and syncope in 2 (3%) patients each; asthenia, gamma- 
glutamyltransferase increased, musculoskeletal chest pain, cytokine release syndrome, abdominal pain, pain, rash maculopapular, dehydration, blood creatine 
phosphokinase increased, hyperhidrosis, hyponatremia, pleural effusion, confusional state, leukopenia, liver function test increased/abnormal, asthma, cholecystitis 
acute, hypovolemia, myelopathy, and pneumonitis in 1 (1%) patient each; there was one grade 5 event of starvation.
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DISCUSSION
Interleukin- 2 cytokine therapy has led to long- term remis-
sions in patients with RCC and melanoma.5 However, the 
therapy is only suitable for a small proportion of patients 
owing to the increased risk of capillary leak syndrome.4 
The current primary analysis of ARTISTRY- 1 demon-
strated a manageable safety and tolerability profile and 
promising antitumor activity of nemvaleukin alone and in 
combination with pembrolizumab in heavily pretreated 
patients with advanced solid tumors. Durable responses 
were observed with nemvaleukin and nemvaleukin plus 
pembrolizumab across a wide range of tumors, including 
those that had not responded to or progressed with anti- 
PD- (L)1 treatment or that were anti- PD- (L)1 unapproved. 
The study also provided proof of the principle for pref-
erential expansion of immunostimulatory effector cells 
with minimal expansion of immunosuppressive Tregs, thus 
confirming the design hypothesis of nemvaleukin.

In this study, nemvaleukin was administered in an 
outpatient setting in parts B and C and demonstrated 
an acceptable safety profile. Across escalating doses, 
only one DLT of acute kidney injury was observed at the 
10 µg/kg dose. The MTD was not reached. The safety 
profile of nemvaleukin monotherapy at the RP2D of 
6 µg/kg/d was consistent with that reported during 
dose escalation. TRAEs reported in all three parts were 
manageable with or without nemvaleukin dose modifi-
cations and supportive treatment. Neutropenia events 
were transient and only one case of febrile neutropenia 
was reported. Nemvaleukin at all doses administered in 
combination with pembrolizumab did not demonstrate 
any additive toxicity to the established safety profile 

of pembrolizumab alone.13 14 This tolerability profile 
of nemvaleukin allows for outpatient administration 
unlike high- dose rhIL- 2, which requires hospitalization.8 
Further, pharmacodynamic analyses demonstrated that 
selective binding of nemvaleukin to the intermediate- 
affinity IL- 2R appeared to have a positive impact on toler-
ability and is also likely to mitigate the risk of toxicities 
associated with binding to the high- affinity IL2- R such as 
capillary leak syndrome,7 9 thereby enhancing the efficacy 
of nemvaleukin and expanding the potential therapeutic 
window of IL- 2.

Nemvaleukin exhibited encouraging antitumor activity 
alone and in combination with pembrolizumab, espe-
cially in heavily pretreated patients with solid tumors. 
Nemvaleukin monotherapy demonstrated antitumor 
activity in advanced cutaneous or mucosal melanoma and 
RCC, tumor types in which high- dose rhIL- 2 has proven 
activity; notably, all responders were ICI pretreated. 
Antitumor activity was also observed with nemvaleukin 
plus pembrolizumab across diverse tumor types that do 
not typically respond well to ICI therapy (including ICI- 
unapproved and post- ICI failure).2 15 Responses were 
observed across different tumor types, including RCC, 
esophageal cancer, colorectal cancer, pancreatic cancer, 
Hodgkin’s lymphoma, bladder cancer, and, most notably, 
PROC, which does not typically respond to immuno-
therapy.15 16

This study had a few limitations. There were multiple 
amendments to the study resulting in changes to the defi-
nition of DLTs and efficacy parameters, including updates 
in timing of samples/data collection. Limited tissue 
samples were collected for pharmacodynamic assessment. 

Patients, %
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Neutropenia/Neutrophil count decreased

Chills
Nausea

Hypotension
Aspartate aminotransferase increased

Alanine aminotransferase increased
Anemia
Fatigue
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Vomiting
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Tachycardia

Lymphopenia

Dyspnea
Thrombocytopenia

Diarrhea
White blood cell count decreased
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Figure 3 Summary of most frequent nemvaleukin- related treatment- emergent adverse events. Nemvaleukin- related 
treatment- emergent adverse events (≥10% in either cohort) in patients with advanced treatment- refractory solid tumors 
receiving nemvaleukin as monotherapy (part B; n=74) or in combination with pembrolizumab (part C; n=166). Part B includes 
patients who received nemvaleukin 6 µg/kg intravenous. Part C includes patients who received nemvaleukin at 1, 3, or 6 µg/kg 
intravenous in combination with pembrolizumab 200 mg intravenous.
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Additionally, the execution of the study and some aspects 
of continuum of patient care were impacted during 
the COVID- 19 pandemic. Further, owing to the phase 
1/2 study design, the sample sizes for each tumor type 
were small and there was no comparator arm. Patients 
receiving combination therapy were enrolled in cohorts 
based on pembrolizumab- approved or pembrolizumab- 
unapproved indications at the time of the study design; 
however, these indications have since changed. Lastly, 
immune cell expansion for pharmacodynamic analyses 
was only measured in periphery due to the limited avail-
ability of tumor tissue.

ARTISTRY- 1 demonstrated proof of the principle of 
nemvaleukin antitumor activity alone and in combina-
tion with pembrolizumab in a broad range of refrac-
tory, pretreated malignancies. The manageable safety 
profile enables nemvaleukin application in the majority 
of patients with cancer regardless of their cardiovascular 
fitness. Further clinical investigation of nemvaleukin 
monotherapy in mucosal and cutaneous melanoma 
(ARTISTRY- 6; NCT04830124) and nemvaleukin plus 
pembrolizumab in PROC (ARTISTRY- 7; NCT05092360) 
is ongoing.
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