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abstract

PURPOSE Therapies that produce deep and durable responses in patients with metastatic melanoma are needed.
This phase II cohort from the international, single-armPIVOT-02 study evaluated the CD122-preferential interleukin-2
pathway agonist bempegaldesleukin (BEMPEG) plus nivolumab (NIVO) in first-line metastatic melanoma.

METHODS A total of 41 previously untreated patients with stage III/IV melanoma received BEMPEG 0.006 mg/kg
plus NIVO 360 mg once every 3 weeks for # 2 years; 38 were efficacy-evaluable ($ 1 postbaseline scan).
Primary end points were safety and objective response rate (blinded independent central review); other end
points included progression-free survival, overall survival (OS), and exploratory biomarkers.

RESULTS At 29.0 months’median follow-up, the objective response rate was 52.6% (20 of 38 patients), and the
complete response rate was 34.2% (13 of 38 patients). Median change in size of target lesions from baseline
was 278.5% (response-evaluable population); 47.4% (18 of 38 patients) experienced complete clearance of
target lesions. Median progression-free survival was 30.9months (95%CI, 5.3 to not estimable). Median OS was
not reached; the 24-month OS rate was 77.0% (95% CI, 60.4 to 87.3). Grade 3 and 4 treatment-related and
immune-mediated adverse events occurred in 17.1% (7 of 41) and 4.9% (2 of 41) of patients, respectively.
Increased polyfunctional responses in CD81 and CD41 T cells were seen in blood after treatment, driven by
cytokines with effector functions. Early on-treatment blood biomarkers (CD81 polyfunctional strength difference
and eosinophils) correlated with treatment response.

CONCLUSION BEMPEG in combination with NIVO was tolerated, with relatively low rates of grade 3 and 4
treatment-related and immune-mediated adverse events. The combination had encouraging antitumor activity
in first-line metastatic melanoma, including an extended median progression-free survival. Exploratory analyses
associated noninvasive, on-treatment biomarkers with response, before radiologic evidence was observed.

J Clin Oncol 00. © 2021 by American Society of Clinical Oncology

Creative Commons Attribution Non-Commercial No Derivatives 4.0 License

BACKGROUND

Immune checkpoint inhibitors (ICIs), such as anti–
programmed death-1 (PD-1) and PD-ligand 1 (PD-L1),
have improved survival for patients with metastatic
melanoma.1-4 ICIs are a standard of care in the first-line
setting, either as a single agent or in combination with
other therapies.5 However, not all patients respond to
ICIs, with factors associated with a poor tumor response
including a low density of baseline CD81 tumor-
infiltrating lymphocytes (TIL),6,7 low tumor PD-L1
expression,6-8 low tumor mutational burden (TMB),9,10

or low interferon-gamma (IFN-g) gene expression pro-
file (GEP).11,12 An unmet need remains for novel ICI
combinations that achieve durable and deep responses in
a broad population of patients with metastatic melanoma,
without adding substantial toxicity. Combining an ICI with
an agent that modulates the tumor microenvironment
(TME) may address some of their known limitations.

Interleukin-2 (IL-2) plays an important role in promoting
tumor cell death by enhancing the survival and expan-
sion of CD41 and CD81 T cells and natural killer (NK)
cells.13 High-dose IL-2 is approved for the treatment of
metastatic melanoma, but its clinical use is limited by its
short half-life, which necessitates a high dose leading to
significant toxicities, such as vascular leak syndrome.14

As a result, high-dose IL-2 requires inpatient adminis-
tration at specialized centers.15

Bempegaldesleukin (BEMPEG; NKTR-214) is a first-in-
class, CD122-preferential IL-2 pathway agonist that le-
verages the clinically validated IL-2 pathway to stimulate an
antitumor immune response.16-18 BEMPEG increases the
proliferation and infiltration of CD81 T cells and NK cells
into the TME, without expansion of regulatory T cells, both
in preclinical17,19-21 and in human studies.16,22 BEMPEG
also increases PD-1 expression on lymphocytes in the TME
(a marker of CD81 tumor-reactive T cells)16 and PD-L1
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expression on tumor cells.22 These attributes support evaluation
of BEMPEG in combination with an ICI.

PIVOT-02 is an international, multicenter, phase I/II trial
(NCT02983045) of the novel immunotherapy combination
BEMPEG plus nivolumab (NIVO) in patients with advanced
solid tumors.22 We report results from a phase II cohort of
PIVOT-02, which evaluated BEMPEG plus NIVO as a first-
line treatment for patients with metastatic melanoma.

METHODS

Patients

Eligible patients were$ 18 years of age and had histologically
confirmed stage III (unresectable) or stage IV (metastatic)
melanoma (per American Joint Committee on Cancer staging
system version 7), measurable disease (per Response Eval-
uation Criteria in Solid Tumors, version 1.1 [RECIST v1.1]), a
baseline Eastern Cooperative Oncology Group performance
status of 0 or 1, tumor tissue available for biomarker testing,
a known BRAF mutation (V600E or V600K) and PD-L1
immunohistochemistry status (patients with any status
were eligible), and adequate organ function (hemoglobin
$ 9.0 g/dL, serum creatinine # 2 mg/dL, AST and
ALT# 33 upper limit of normal [ULN], total bilirubin within
normal limits, and lipase and amylase # 1.5 3 ULN). Pa-
tients were excluded if they had received prior treatment for
melanoma in the neoadjuvant, adjuvant, locally advanced, or
metastatic setting; had received prior IL-2 therapy; had uveal
melanoma; or had active brain metastases.

Study Design and Treatment

PIVOT-02 (NCT02983045) was an international, multi-
center, nonrandomized, open-label, phase I/II trial. Results
from the phase I dose-escalation portion in advanced solid
tumors have been published elsewhere.22 In this phase II
cohort of patients with metastatic melanoma, intravenous
BEMPEG 0.006 mg/kg plus NIVO 360 mg was to be given

once every 3 weeks until disease progression, death, un-
acceptable toxicity, symptomatic deterioration, achieve-
ment of maximal response, investigator decision to
discontinue treatment, patient withdrawal of consent,
pregnancy, loss to follow-up, or study termination by the
sponsor. Responding patients were treated for a maximum
of 2 years.

The study was conducted in accordance with Good Clinical
Practice guidelines and the Declaration of Helsinki. The
Protocol (online only) was approved by independent ethics
committees and the relevant institutional review board at
each site. All patients provided written informed consent.

End Points and Assessments

Safety and the objective response rate (ORR) per RECIST
v1.1 were primary end points. Safety (National Cancer
Institute’s Common Terminology Criteria for Adverse
Events, version 4.03) was evaluated in all patients who
received $ 1 dose of study treatment. All patients with
measurable disease per RECIST v1.1 at baseline and $ 1
postbaseline tumor response assessment were evaluable
for efficacy (response-evaluable population). Response
was assessed by RECIST v1.1 every 8 weeks by blinded
independent central review (BICR; where radiographic
examinations were reviewed by independent physician
experts not involved in patient treatment) and the local
investigator. The primary analysis for efficacy was by BICR.

Secondary end points included duration of response,
clinical benefit rate or disease control rate (complete re-
sponse [CR] or partial response [PR], or stable
disease $ 7 weeks; per RECIST v1.1 in the response-
evaluable population), progression-free survival (PFS), and
overall survival (OS; intent-to-treat population). Long-term
follow-up for survival occurred every 3 months.

Exploratory end points included biomarker analyses in the
blood and tumor to determine associations with response

CONTEXT

Key Objective
An unmet need remains for novel immune checkpoint inhibitor combinations that achieve durable and deep responses in

patients with metastatic melanoma, without adding substantial toxicity. What is the clinical efficacy and safety profile of
the interleukin-2 pathway agonist bempegaldesleukin (BEMPEG) plus nivolumab (NIVO) in previously untreated patients
with metastatic melanoma from the PIVOT-02 phase II study?

Knowledge Generated
BEMPEG plus NIVO was well tolerated, and patients achieved deep and durable clinical responses, with a high rate of complete

responses (34.2%) and a median progression-free survival of 30.9 months. Forty-seven percent of patients (18 of 38)
achieved 100% reduction in target lesions. Exploratory on-treatment blood biomarkers were also associated with response.

Relevance
These data demonstrate encouraging safety and efficacy for this novel immunotherapy combination of BEMPEG plus NIVO

in first-line metastatic melanoma. They provide rationale for the ongoing phase III study in this same patient population
(PIVOT IO 001; NCT03635983).
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(Data Supplement, online only). Tumor biomarkers associ-
ated with response to ICIs were selected for analyses (IFN-g
GEP, CD81 TIL, PD-L1, TMB, CD74, HLA-A, HLA-B, and
HLA-E).9,10,23,24 The polyfunctionality and polyfunctional
strength index (PSI) of circulating CD41 and CD81 lym-
phocytes and NK cells were determined in peripheral blood
mononuclear cells using single-cell cytokine analysis (Iso-
Plexis, New Haven, CT; Data Supplement).19 Polyfunctional
strength difference (PSD; ie, the difference in PSI between
cycle 1 day 8 and baseline; high v low by median cutoff) was
evaluated for associations with response. Blood lymphocyte,
eosinophil, and neutrophil concentrations (3 106/L) were
evaluated at baseline, and on-treatment changes were
evaluated for association with response.

A new or archival (within 6 months) tumor biopsy was
obtained at baseline, with on-treatment biopsies collected
during days 15-21 of cycle 1. Immunohistochemistry
analysis for PD-L1 was performed centrally using PD-L1
IHC 28-8 PharmDx (Dako, an Agilent Technologies, Inc
company, Santa Clara, CA), and tumors were defined as
PD-L1–negative (, 1% tumor cell expression) or PD-L1–
positive ($ 1% tumor cell expression).

Statistical Analysis

The study was designed to enroll at least 28 patients with
treatment-naı̈ve metastatic melanoma who would be treated
with the recommended phase II dose of BEMPEG plus NIVO
(a subsequent protocol amendment allowed up to 39 patients
to be enrolled). This sample size was based on the target ORR
relative to a historic response rate1 and calculated using
normal approximation to provide reasonable false-positive
(, 10%) and false-negative (, 10%) rates. The Clopper–
Pearsonmethod was used to calculate two-sided 95%CIs for
the response rate. Duration of response (response-evaluable
population), PFS, and OS (both intent-to-treat population) are
summarized by the Kaplan-Meier method. Data for patients
without disease progression (RECIST v1.1) and alive, or with
unknown status, were censored at the time of the last tumor
assessment. All efficacy end points were analyzed at the
cutoff date (September 1, 2020) for the primary analysis.
Continuous data are summarized by descriptive statistics,
and categorical data are summarized by the number and
percentage of patients. Sum of lesions was defined using the
normalization method of zeroing out any lymph nodes
, 10 mm. Statistical analyses for biomarker evaluations
included calculation of difference in response rates and
hazard ratios for PFS with 95% CIs between biomarker-
defined groups. P values for the comparison of on-
treatment biomarker changes versus baseline were calcu-
lated by the two-sided Mann-Whitney test.

RESULTS

Patients

From March 27, 2017, through March 28, 2018, 41 pa-
tients with unresectable or metastatic melanoma were

enrolled at 12 sites in three countries (United States, Italy,
and Poland). At baseline, 12 of 41 (29.3%) patients had
elevated serum lactate dehydrogenase (LDH; . ULN), 11
of 41 (26.8%) had liver metastases, and 14 of 41 (34.1%)
were PD-L1–negative (Table 1). All patients received $ 1
dose of BEMPEG plus NIVO and were evaluable for safety.
Thirty-eight patients had $ 1 postbaseline scan and were
evaluable for response. Three patients discontinued prior to
the first scan because of patient decision (n 5 2) and an
unrelated treatment-emergent adverse event (AE; n 5 1).

At data cutoff, no patients remained on treatment. BEMPEG
was discontinued because of the following reasons: pro-
gressive disease by RECIST (n 5 14), AE (n 5 9), patient
decision (n 5 9; reasons included withdrew consent
[three], surgical resection [two], quality of life [one], return
to work [one], travel burden [one], and entered hospice
[one]), achievement of maximal response (n 5 8), and
clinical progression (n 5 1). Reasons for NIVO discontin-
uation are shown in the Data Supplement. Ten patients
died on study, all from disease progression. The median
treatment duration was 6.2 months (interquartile range
[IQR], 3.1-17.3 months), and the median number of cycles
was 9.0 (IQR, 4-22).

Primary Analysis of Objective Response Rate

The median duration of follow-up was 29.0 months (IQR,
15.7-32.3 months). The confirmed ORR by BICR was
52.6% (95% CI, 35.8 to 69.0; 20 of 38; Data Supplement).
CRs were seen in 13 patients (34.2%; Fig 1A). The median
time to onset of first response was 2.0 months (range, 1.5-
4.1 months) and to CR was 7.9 months (range, 1.5-
15.2months). Eight of 13 patients achieved a CR on or after
the third postbaseline scan (after $ 8 treatment cycles;
Data Supplement), suggesting deepening responses over
time.

The ORR by investigator review was consistent with that
determined by BICR (both 52.6%; 20 of 38; Data Sup-
plement). CRs were reported for 13 of 38 (34.2%) patients
by BICR and 7 of 38 (18.4%) patients by local investigator
assessment (the reduction in tumor burden for the six
patients who were differentially classified as having a PR
versus a CR ranged from –68% to –100% by investigator
assessment).

Secondary Analyses of Response

At data cutoff, 16 of 20 (80.0%) patients had an ongoing
objective response. Responses lasted for$ 6 months in 18
of 20 (90.0%) patients and for $ 12 months in 16 of 20
(80.0%) patients. Median duration of response was not
reached (IQR, 29.0 months-not reached).

The disease control rate by BICR was 73.7% (28 of 38
patients; Data Supplement). The median change in target
lesion size from baseline was278.5% (response-evaluable
population; n 5 38); 90% (18 of 20) of patients who
responded to the combination (CR or PR) went on to
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achieve 100% reduction in their target lesions versus
baseline (Fig 1B). Forty-seven percent of response-
evaluable patients (18 of 38) achieved 100% reduction
in target lesions. Baseline tumor burden is described in the
Data Supplement: the median baseline tumor burden in
patients who responded (CR or PR) to the combination was
30.5 mm, whereas in nonresponders (progressive disease
or stable disease), it was 46.5 mm.

Objective responses by BICR in patients with traits typically
indicative of poor prognosis were as follows: 5 of 10 patients
with liver metastases (ORR 50.0%; all CRs) and 5 of 11
patients with elevated LDH.ULN (ORR 45.5%; three CRs
and two PRs). Two of eight patients with LDH levels $ 2

ULN at baseline had an objective response. Objective re-
sponses by PD-L1 tumor status and BRAF mutation status
are presented in the Data Supplement.

Secondary Analyses of PFS and OS

At data cutoff, median PFS in the intent-to-treat population
was 30.9 months (95% CI, 5.3 to not estimable; Fig 2A).
PFS rates were 56.2% (95%CI, 38.4 to 70.6) at 12months,
53.1% (95% CI, 35.4 to 67.9) at 24 months, and 45.5%
(95% CI, 25.5 to 63.5) at 36 months. Median OS was not
reached (Fig 2B). OS rates were 82.3% (95% CI, 66.4 to
91.1) at 12 months, 77.0% (95% CI, 60.4 to 87.3) at
24 months, and 70.9% (95% CI, 53.5 to 82.8) at
36months. Median PFS per baseline PD-L1 status by BICR
is shown in the Data Supplement.

Exploratory Analyses of Tumor and Blood Biomarker

Correlates With Response

Baseline tumor biomarker analyses showed that tumor PD-
L1 expression and TMB were not associated with objective
response. However, high IFN-g GEP, high CD81 TIL, high
CD74, and high HLA-E in baseline tumor biopsies were
associated with a higher ORR (Fig 3A) and a longer PFS
(Fig 3B).

We assessed blood-based biomarkers for the ability to
predict response to treatment. Single-cell analysis of T cells
and NK cells was done to determine their polyfunctional
response after treatment (ie, the ability of a single cell to
secrete multiple [$ 2] cytokines). We observed robust
upregulation of polyfunctional CD81 T cells in the blood of
patients with an objective response (Fig 3C) and of
CD41 T cells in patients with and without an objective
response after treatment, whereas there was a decrease in
polyfunctionality of NK cells after treatment (Data Sup-
plement). A single-cell polyfunctional heatmap (Fig 3D)
showed an increase in polyfunctional CD81 T-cell subsets
that coproduce combination cytokines. Treatment elicited
an approximate 2.2-fold increase in the PSI of CD81 T cells
(Fig 3E) and CD41 T cells in patients with an objective
response, with no increase in the PSI of NK cells (Data
Supplement). The increased polyfunctional response in
CD81 and CD41 T cells appears to be driven by the
production of cytokines with effector functions (Fig 3E and
the Data Supplement).

High CD81 PSD was associated with a higher ORR than
low CD81 PSD (Fig 3F) and a longer PFS (hazard ratio,
3.75 [95%CI, 1.1 to 12.3]; Fig 3G). Analysis of paired blood
samples also demonstrated an early on-treatment increase
in eosinophils (Data Supplement). High fold change from
baseline to day 8 in eosinophils, consistent with IL-2 sig-
naling,25 was associated with a higher ORR (Fig 3F), but not
PFS (Fig 3G).

Safety

AEs related to treatment (determined by the investigator)
occurred in 39 of 41 (95.1%) patients. The most frequent

TABLE 1. Baseline Characteristics of All Enrolled Patients
Characteristic Total (N 5 41)

Median age (IQR), years 63.0 (52-70)

Male sex, No. (%) 24 (58.5)

ECOG performance status score,a No. (%)

0 32 (78.0)

1 9 (22.0)

Liver metastases present at baseline, No. (%) 11 (26.8)

PD-L1 status,b No. (%)

Negative , 1% tumor cell expression 14 (34.1)

Positive $ 1% tumor cell expression 24 (58.5)

Unknown 3 (7.3)

Serum LDH, No. (%)

Normal 29 (70.7)

. 1 to , 2 3 ULN 4 (9.8)

$ 2 to , 3 3 ULN 4 (9.8)

$ 3 3 ULN 4 (9.8)

Stage (AJCC v7), No. (%)

M1a 5 (12.2)

M1b 16 (39.0)

M1c 20 (48.8)

BRAF mutation status, No. (%)

V600E or V600K BRAF mutation 13 (31.7)

Other BRAF mutations 2 (4.9)

Wild type 25 (61.0)

Unknown 1 (2.4)

NOTE. Data cutoff: September 1, 2020.
Abbreviations: AJCC, American Joint Committee on Cancer; ECOG,

Eastern Cooperative Oncology Group; IQR, interquartile range; LDH,
lactate dehydrogenase; PD-L1, programmed death-ligand 1; ULN,
upper limit of normal.

aScores on the ECOG scale range from 0 (no disability) to 5 (death).
bPD-L1 status measured by central testing using the Dako 28-8

PharmDx assay; positive status was defined as staining on $ 1% of
tumor cells (minimum of 100 evaluable tumor cells in the sample). In
the case of insufficient tumor tissue, local pathology data were used to
assess baseline PD-L1 status.
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($ 40% of patients) any-grade events were flu-like
symptoms, rash, fatigue, pruritus, arthralgia, and nausea
(Table 2). Seven (17.1%) patients experienced grade 3 or 4

treatment-related AEs (Table 2), which were managed
using standard treatment protocols. Two patients experi-
enced atrial fibrillation: one patient with a history of atrial
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FIG 1. Clinical response to BEMPEG plus NIVO by blinded independent central review (response-evaluable population). (A) Waterfall plot of
the maximum change in tumor size. (B) Percent change in target lesion size over time. Data cutoff: September 1, 2020. Response-evaluable
population includes eligible patients with measurable disease (per RECIST v1.1) at baseline and at least one postbaseline assessment of
tumor response. All objective responses are confirmed. BEMPEG, bempegaldesleukin; CR, complete response; NIVO, nivolumab; PD,
progressive disease (because of non–target lesion progression or presence of new lesion); PD-L1, programmed death-ligand 1; PR, partial
response (complete response for target lesion; non–target lesion still present); SD, stable disease.
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fibrillation since 2015 and a second patient 1 month after
the last dose of study drug. Treatment-related AEs led to
discontinuation in five patients (12.2%): blood creatinine
increased, cerebrovascular accident, malaise, peripheral
edema, and pharyngitis (n 5 1 each). Immune-mediated
AEs occurred in 13 patients (31.7%), of which two events
(4.9%) were grade $ 3: nephritis and renal dysfunction
(n 5 1) and hyperglycemia related to diabetes mellitus
(n 5 1; Data Supplement). The incidence of cytokine-
related AEs (flu-like symptoms, rash, pruritus, and hypo-
tension) decreased with continued dosing (Data Supple-
ment). There were no cases of cytokine release syndrome
or hypereosinophilic syndrome and no grade $ 3
treatment-related hypotension. There were no treatment-
related deaths.

DISCUSSION

There is an unmet need for novel first-line combinations to
extend the treatment benefit of immunotherapy to more
patients with metastatic melanoma, without substantially
adding toxicity. This phase II cohort from the international,
single-arm PIVOT-02 study evaluated the novel IL-2
pathway agonist and ICI immunotherapy combination of
BEMPEG plus NIVO in patients with previously untreated,
unresectable, or metastatic melanoma. The combination
was tolerable and patients achieved deep and durable
clinical responses, as evidenced by the observed 52.6%
(95% CI, 35.8 to 69.0) ORR, 34.2% CR rate, median
78.5% reduction in tumor burden from baseline, and
median PFS of 30.9 months (95% CI, 5.3 to not esti-
mable). Although comparisons cannot be formally made
across trials, our preliminary findings indicate that
BEMPEG plus NIVO has the potential to provide additional

efficacy over PD-1 inhibition alone.2,26 At the primary
analysis of the phase III CheckMate 067 trial (median
duration of follow-up, 12.2-12.5 months), NIVO mono-
therapy achieved an ORR of 44% (95% CI, 38 to 49); 9%
of patients had a CR, the median reduction in tumor
burden was 34.5%, and median PFS was 6.9 months
(95% CI, 4.3 to 9.5).26

An exploratory meta-analysis by the US Food and Drug
Administration suggested a strong correlation between
depth of response in first-line metastatic melanoma and
OS,27 particularly for patients with a $ 75% reduction in
target lesions.27 In our PIVOT-02 melanoma cohort, 47%
of response-evaluable patients (18 of 38) achieved 100%
reduction in target lesions. Median OS was not reached,
but the Kaplan-Meier estimate for the OS rate at 2 years
with BEMPEG plus NIVO was 77.0% (95% CI, 60.4 to
87.3). This compares favorably with the 2-year OS rate for
NIVO at 2 years in CheckMate 067 (59% [95% CI, not
reported]).28

Our cohort was limited by its small size and single-arm
design. Similar early-phase, nonrandomized trials have
produced encouraging results that were not reproduced in
a phase III, randomized study (eg, epacadostat).29-31 Phase
I/II trials have the potential for selection bias, creating a
patient population with more favorable characteristics than
would be expected in the phase III setting, or indeed in
clinical practice. Nevertheless, analysis of the baseline
characteristics of patients in our trial showed that they
mirrored those found in published phase III trials in met-
astatic melanoma, with similar proportions of patients with
traits typically associated with poorer outcomes on ICIs.9,10

With respect to baseline tumor biomarkers, our cohort of
patients had a relatively low TMB (median 14.04 Mut/Mb
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FIG 3. Single-cell cytokine analysis of biomarkers at baseline (C1D1) and on treatment (C1D8) and correlation with response by BICR. (A) Relationship
between baseline tumor biomarkers and ORR.a,b (B) Relationship between CD81 TIL, IFN-g GEP, CD74, and HLA-E (high v low) in baseline tumor
samples and PFS. (C) Change in polyfunctionality of CD81 T cells on treatment by response. (D) Single-cell polyfunctional heatmap illustrating the
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CD41 PSI, CD81 PSI, and NK cell PSI using single-cell cytokine analysis; blood lymphocytes, eosinophils, and neutrophils, all 3 106/L; NEU/LYM ratio.
cBiomarkers were evaluated in on-treatment blood biomarkers: CD41, CD81, and NK cell PSD (ie, difference in PSI between C1D1 and C1D8measured
using single-cell cytokine analysis); and the FC in levels of lymphocytes, eosinophils, neutrophils (all 3 106/L), and NEU/LYM ratio between C1D1 and
C1D8. BICR, blinded independent central review; C1D1, cycle 1 day 1 (baseline); C1D8, cycle 1 day 8 (on treatment); CR, complete response; EOS,
eosinophils; FC, fold change; GEP, gene expression profile; HR, hazard ratio; IFN, interferon; IL-5, interleukin-5; MIP, macrophage inflammatory protein;
NE, not estimable; NEU/LYM ratio, neutrophil to lymphocyte ratio; NK, natural killer; ORR, objective response rate; PD, progressive disease; PD-L1,
programmed death-ligand 1; PFS, progression-free survival; polyfunctionality, cosecretion of two or more cytokines per cell; PR, partial response; PSD,
polyfunctional strength difference; PSI, polyfunctional strength index (ie, percentage of polyfunctional cells in a sample, multiplied by the sum of secreted
cytokine intensities of polyfunctional cells); SD, stable disease; TIL, tumor-infiltrating lymphocytes; TMB, tumor mutational burden; TNF, tumor necrosis
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v a cutoff of 16-23.1 Mut/Mb typically used to define high
TMB by FoundationOne in other melanoma trials)32-34 and
a relatively low CD81 TIL count (median 203 cells/mm2)
versus the values reported in the published literature.7 At
baseline, 29.3% of patients in our trial had elevated
LDH . ULN at baseline (compared with 29.0%-42.8% in
published trials),1,3,26,29,35-38 whereas 19.5% had $ 2 3

ULN at baseline (compared with 7.0%-12.8% in pub-
lished trials).1,26,29,37 We observed objective responses
with BEMPEG plus NIVO in patients with these poor
baseline traits, notably those with high serum LDH, liver
metastases, and PD-L1–negative tumor status. Of inter-
est, historical data with high-dose IL-2 indicate that pa-
tients with liver metastases respond well to cytokine
therapy.39

Baseline tumor biomarkers were associated with re-
sponse to BEMPEG plus NIVO in our exploratory ana-
lyses. High IFN-gGEP, high CD81 TIL, high CD74 (CD74
is important in MHC Class II antigen presentation and has
other MHC Class II–independent functions),40 and high
HLA-E at baseline were associated with a higher ORR

and a longer PFS, in line with published literature for
ICIs.7,11,23,24,41

Additional exploratory biomarker analyses demonstrated
that T cells induced by BEMPEG plus NIVO were highly
polyfunctional, with increased PSI of CD41 and
CD81 T cells on treatment versus baseline. The poly-
functional response by BEMPEG plus NIVO was driven by
the production of cytokines with effector functions (eg,
granzyme B, IFN-g, macrophage inflammatory protein-1a,
and tumor necrosis factor-a), which aligns with preclinical
reports.19 Polyfunctional T cells provide a more effective
immune response than T cells only producing a single
cytokine.42 We hypothesize that BEMPEGmay contribute to
increased efficacy over NIVO alone not only by increasing
the number of T cells in the blood and tumor16,22 but also by
enhancing their fitness43 and functional capacity, as we
have shown here. This concept is being further examined in
an ongoing randomized phase III trial (PIVOT IO 001;
NCT03635983). Increased CD81 PSD was associated with
a higher ORR and longer PFS. These findings are consistent
with prior reports associating higher PSI with clinical
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response to immunotherapy,44 suggesting an anticancer
potential of polyfunctional CD81 T cells. Noninvasive, blood-
based biomarkers of response that are detectable before

radiologic evidence are highly desirable to identify patients
who may benefit the most from treatment, and our explor-
atory findings warrant further exploration.

As an immunostimulatory IL-2 cytokine prodrug, BEM-
PEG was engineered to deliver a controlled and sus-
tained IL-2 pathway signal, and thereby minimize toxicity
versus high-dose IL-2, thus allowing for outpatient ad-
ministration. The safety profile of BEMPEG plus NIVO in
first-line metastatic melanoma was consistent with that of
the individual compounds1,16 and no new safety signals
were identified demonstrating the feasibility of an out-
patient dosing regimen. The most frequent AEs were of
grade 1 or 2 in severity and included flu-like symptoms,
rash, fatigue, and pruritus. Most AEs were transient and
resolved spontaneously without intervention or by using
standard treatment protocols. Rates of cytokine-related
AEs were typically higher in cycle 1, and declined over
subsequent cycles, which was consistent with prior re-
ports.22 The rate of grade 3 and 4 treatment-related AEs
with BEMPEG plus NIVO (17.1%) aligns with that re-
ported with PD-1 inhibitors in this setting (16%-17%)26,45

and compares favorably with reported rates for NIVO plus
ipilimumab (55%)26 and BRAF and MEK inhibitors
(54%-68%).46,47 The rate of grade 3 and 4 immune-
mediated AEs with the combination (2 of 41; 4.9%) is
consistent with that reported for anti–PD-1 monotherapy
(24 of 313; 7.7%) and substantially lower than that re-
ported for anti–PD-1 and anti–CTLA-4 combination
therapy (124 of 313; 39.6%).26

In summary, these data provide preliminary evidence to
support the safety and efficacy of BEMPEG plus NIVO in
patients with previously untreated metastatic melanoma.
The responses appeared deep and durable, with 90% (18
of 20) of responding patients achieving 100% reduction in
their target lesions versus baseline, and rates of grade$ 3
events were within acceptable limits. Our exploratory
biomarker findings advance our working hypothesis on
the mechanism by which BEMPEG plus NIVO could
provide additional efficacy over PD-1 inhibition alone—
not only by increasing the number of T cells16,22 but also by
boosting their fitness and functional capacity. Patients
with a robust immune response experienced a greater
treatment effect, with noninvasive, early on-treatment
exploratory biomarkers predicting response. BEMPEG
plus NIVO was awarded Breakthrough Therapy desig-
nation for previously untreated metastatic melanoma by
the US Food and Drug Administration in 2019. The
preliminary PIVOT-02 findings are being confirmed in an
ongoing randomized, registrational, phase III trial in
previously untreated patients with metastatic melanoma
(PIVOT IO 001; NCT03635983).

TABLE 2. Incidence of Treatment-Related AEs (occurring in $ 10% of patients)a

Event, No. (%)

Total, N 5 41

Grade 1-2 Grade 3-4

Treatment-related AEs 39 (95.1) 7 (17.1)

Treatment-related AEs with an incidence $ 10%b

Flu-like symptomsc 33 (80.5) 0

Rashd 29 (70.7) 0

Fatigue 27 (65.9) 0

Pruritus 20 (48.8) 0

Arthralgia 19 (46.3) 0

Nausea 19 (46.3) 0

Decreased appetite 15 (36.6) 0

Myalgia 15 (36.6) 0

Vomiting 12 (29.3) 0

Diarrhea 11 (26.8) 0

Headache 11 (26.8) 0

Nasal congestion 11 (26.8) 0

Cough 9 (22.0) 0

Hypothyroidism 9 (22.0) 0

Hypotension 8 (19.5) 0

Peripheral edema 8 (19.5) 0

Dry skin 6 (14.6) 0

Dizziness 5 (12.2) 1 (2.4)

Oropharyngeal pain 5 (12.2) 0

Dyspnea 3 (7.3) 1 (2.4)

Acute kidney injury 0 2 (4.9)

Atrial fibrillation 0 2 (4.9)

Hypoxia 0 1 (2.4)

Hyperglycemia 0 1 (2.4)

Hypernatremia 0 1 (2.4)

NOTE. Data cutoff: September 1, 2020.
Abbreviation: AE, adverse event.
aThe incidence of treatment-related AEs from any component of the study

treatment is shown.
bAll grade 3-4 AEs are shown with corresponding grade 1-2 incidence (even if

falling less than the 10% threshold). Patients are only counted once under each
preferred term using the highest grade; some patients may have experienced more
than one event.

cIncludes the following preferred terms: chills, influenza, influenza-like illness,
and pyrexia.

dIncludes the following preferred terms: erythema, rash, rash erythematous, rash
generalized, rash macular, rash maculopapular, rash maculovesicular, rash
papular, rash pruritic, rash pustular, rash vesicular, and exfoliative rash.
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APPENDIX 

This appendix has been provided by the authors to give readers additional 

information about their work. Supplement to: Diab A, Tykodi SS, Daniels GA, et al. 

Bempegaldesleukin plus nivolumab in first-line metastatic melanoma.  
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METHODS 

Biomarker assessments 

Analyses of blood-based biomarkers were performed on paired samples from cycle 1 

day 1 (baseline) and cycle 1 day 8 (on treatment), including determination of 

polyfunctionality (defined as single cells co-secreting two or more cytokines) and the 

polyfunctional strength index (PSI; defined as the percentage of polyfunctional cells 

in a sample, multiplied by the sum of secreted cytokine intensities of polyfunctional 

cells) of circulating CD4+ T cells, CD8+ T cells, and natural killer cells lymphocytes 

using single-cell cytokine analysis (IsoPlexis, New Haven, CT). Fold change or 

polyfunctional strength difference (difference in PSI between cycle 1 day 8 and 

baseline; high vs low by median cut-off) and fold change in eosinophil count (high vs 

low by median cut-off) were evaluated for any correlation with the objective response 

rate by blinded independent central review (response-evaluable population) and 

progression-free survival (intent-to-treat population). 

A new or archival (recent tumor tissue obtained within 6 months) tumor biopsy was 

obtained at baseline. Tumor biopsies were analyzed to correlate baseline high vs low 

by median cutoff of: gene expression levels (HTG EdgeSeq Oncology Biomarker 

Panel, HTG Molecular Diagnostics, Tucson, AZ) for interferon (IFN)-γ gene 

expression profile (based on expression levels of CD3D, IDO1, CCL5, CD2, 

CXCL13, IL2RG, HLA-E, CXCR6, LAG3, CXCL10, STAT1, GZMB, CXCL9, IFNγ 

and PRF1), CD74 and HLA-A, HLA-B, and HLA-E genes; CD8 

immunohistochemistry (mouse monoclonal [clone C8/144B] antibody purchased 

from Dako, Mosaic Laboratories, CA); and tumor mutational burden (FoundationOne 

CDx, Foundation Medicine, Cambridge, MA) to investigator-assessed objective 
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response rate (Response Evaluation Criteria In Solid Tumors v1.1; response-

evaluable population) and progression-free survival (intent-to-treat population).  

Single-cell multiplex cytokine profiling of peripheral blood mononuclear cells  

Peripheral blood mononuclear cells were thawed and recovered in the complete 

RPMI medium (Thermo Fisher Scientific, Waltham, MA) with 10 ng/mL interleukin 

(IL)-2 (BioLegend, San Diego, CA) at 37°C, 5% CO2. Following overnight incubation, 

viable cells were enriched by Ficoll, and CD4+ T cells, CD8+ T cells, and natural killer 

cells were separated using anti-CD4, anti-CD8, or anti-CD56 microbeads (Miltenyi 

Biotec, Bergisch Gladbach, Germany). Enriched CD4+ and CD8+ T cells were 

resuspended in fresh complete RPMI medium at 1 × 106/mL and activated with 

immobilized anti-human CD3 (10 μg/mL, Thermo Fisher Scientific) and soluble anti-

human CD28 (5 μg/mL, Thermo Fisher Scientific) in a 96-well flat-bottom plate 

(Corning Life Science, New York, NY) at 37°C, 5% CO2 for 24 hours. After 

stimulation, cells were stained with phycoerythrin-conjugated anti-human CD4 

(BioLegend, San Diego, CA) or Alexa Fluor 647-conjugated anti-human CD8 

(BioLegend) at room temperature for 20 minutes. Enriched natural killer cells were 

labeled with carboxyfluorescein succinimidyl ester (Thermo Fisher Scientific), rinsed, 

and resuspended in RPMI medium at a density of 1 × 106/mL with the addition of 

phorbol 12-myristate 13-acetate (5 ng/mL; MilliporeSigma, Darmstadt, Germany) and 

ionomycin (500 ng/mL; MilliporeSigma) to be loaded onto a multiplexed antibody-

coated IsoCode chip (IsoPlexis), which allows analysis of thousands of T cells at the 

single-cell level for the frequency and intensity of secretion of 32 cytokines 

(Appendix Fig. A7). Each IsoCode chip contains approximately 12,000 

microchambers prepatterned with a full copy of a 32-plex antibody array including 

effector: granzyme B, tumor necrosis factor (TNF)α, interferon-γ, macrophage 



6 
 

inhibitory protein (MIP)-1α, perforin, TNFβ; stimulatory: granulocyte-macrophage 

colony-stimulating factor, IL-2, IL-5, IL-7, IL-8, IL-9, IL-12, IL-15, IL-21; 

chemoattractive: CCL11, IP-10, MIP-1β, RANTES; regulatory: IL-4, IL-10,IL-13, IL-

22, soluble (s)CD137, sCD40 ligand, transforming growth factor-β1; inflammatory: IL-

6, IL-17A, IL-17F, monocyte chemoattractant protein (MCP)-1, MCP-4, IL-1β. The 

polyfunctional profile (two or more proteins per cell) of single cells was evaluated 

using IsoSpeak software. 

Study oversight 

Nektar Therapeutics sponsored the study and provided BEMPEG. Bristol Myers 

Squibb provided NIVO.  

The study was designed by the authors and representatives of Nektar Therapeutics. 

The data were collected by staff at each site and monitored by the sponsor and a 

safety review committee. The sponsor was involved in the analysis and interpretation 

of the data and in the writing of the report. Authors had full access to the data and 

participated in its interpretation. Writing and editorial support was provided by 

BOLDSCIENCE Inc. and was funded by Nektar Therapeutics. All authors reviewed 

and approved the manuscript before submission for publication. 
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TABLES AND FIGURES  
 
Table A1. Rationale for biomarker selection 

Biomarker Rationale for selection References 

Tumor biomarkers:  
expression of PD-L1,  
CD8+ tumor infiltrating 
lymphocytes,  
IFNγ gene expression,  
tumor mutational burden,  
HLAs, CD74 

Previously described 
association between baseline 
expression and response to ICI 
therapy 

Ayers M, Lunceford J, Nebozhyn M, et al. 
J Clin Invest 127:2930–2940, 2017 

Buder-Bakhaya K, Hassel JC. Front 
Immunol 9:1474, 2018 

Grasso CS, Tsoi J, Onyshchenko M, et 
al. Cancer Cell 38:500-515.e3, 2020 

Rodig SJ, Gusenleitner D, Jackson DG, 
et al. Sci Transl Med 10:eaar3342, 2018 

Weber JS, Del Vecchio M, Mandala M, et 
al. Ann Oncol 30:v533–v534, 2019 

Yi M, Jiao D, Xu H, et a. Mol Cancer 
17:129, 2018 

Blood levels of lymphocytes and 
eosinophils 

Known on-treatment effect of 
IL-2 pathway agonism on these 
markers 

Cheng J-N, Luo W, Sun C, et al. Sci Adv 
7:eabc7609, 2021 

Hoenstein R, Admon D, Solomon A, et al. 
Cell Immunol 210:116–124, 2001 

Mitra S, Leonard WJ. J Leukoc Biol 
103:643–655, 2018 

Van Gool F, Molofsky AB, Morar MM, et 
al. Blood 124:3572–3576, 2014 

Blood neutrophil-to-lymphocyte 
ratio 

Previously described prognostic 
biomarker for ICI therapy 

Buder-Bakhaya K, Hassel JC. Front 
Immunol 9:1474, 2018 

Capone M, Giannarelli D, Mallardo D, et 
al. J Immunother Cancer 6:74, 2018 

Chasseuil E, Saint-Jean M, Chasseuil H, 
et al. Acta Derm Venereol 98:406–10, 
2017 

Cohen JT, Miner TJ, Vezeridis MP. 
Melanoma Manag 7:MMT47, 2020 

O'Dwyer RT, Dennehy C, Sui JSY, et al. 
J Clin Oncol 37(15_suppl):9573, 2019 

Blood levels of polyfunctional T 
cells and natural killer cells 

Test hypothesis that 
functionality of T cells and 
natural killer cells is  associated 
with response to cancer 
treatment 

Parisi G, Saco JD, Salazar FB, et al. Nat 
Commun 11:660, 2020 

Rossi J, Paczkowski P, Shen Y-W, et al. 
Blood 132:804–814, 2018 

CD, cluster of differentiation; HLA, human leukocyte antigen; ICI, immune checkpoint 

inhibitor; IFN, interferon; IL-2, interleukin-2; PD-L1, programmed death-ligand 1. 
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Table A2. Objective responses per RECIST v1.1 by blinded independent central 

review according to tumor PD-L1 status, BRAF mutation status, serum lactate 

dehydrogenase levels, and presence of liver metastases at baseline (response-

evaluable population) 

 

n (%) 
Objective 
response 

rate 

Complete 
response  

Partial 
response 

Stable 
disease 

Disease 
control rate 

Progressive 
disease 

Total (N=38) 20 (52.6) 13 (34.2) 7 (18.4) 8 (21.1) 28 (73.7) 10 (26.3) 

PD-L1 status* 
Positive* (n=22) 14 (63.6) 9 (40.9) 5 (22.7) 4 (18.2) 18 (81.8) 4 (18.2) 

Negative* (n=13) 5 (38.5) 3 (23.1) 2 (15.4) 3 (23.1) 8 (61.5) 5 (38.5) 

Unknown (n=3) 1 (33.3) 1 (33.3) 0 1 (33.3) 2 (66.7) 1 (33.3) 

BRAF mutation status 

Wildtype† (n=26) 14 (53.8) 8 (30.8) 6 (23.1) 6 (23.1) 20 (76.9) 6 (23.1) 

Mutated‡ (n=11) 5 (45.5) 4 (36.4) 1 (9.1) 2 (18.2) 7 (63.6) 4 (36.4) 

   Unknown (n=1) 1 (100) 1 (100) 0 0 1 (100) 0 

LDH 

LDH high§ (n=11) 5 (45.5) 3 (27.3) 2 (18.2) 1 (9.1) 6 (54.5) 5 (45.5) 

LDH normal (n=27) 15 (55.6) 10 (37.0) 5 (18.5) 7 (25.9) 22 (81.5) 5 (18.5) 

Liver metastases 

   Present (n=10) 5 (50.0) 5 (50.0) 0 1 (10.0) 6 (60.0) 4 (40.0) 

   Absent (n=28) 15 (53.6) 8 (28.6) 7 (25.0) 7 (25.0) 22 (78.6) 6 (21.4) 

Data cutoff: September 1, 2020. 

*Immunohistochemistry analysis for PD-L1 was performed on baseline tumor 

samples using 28-8 PharmDx (Dako) and defined as PD-L1 negative (<1% tumor 

cell expression) or PD-L1 positive (≥1% tumor cell expression). 

†BRAF wildtype or V600E or V600K BRAF mutation was absent; ‡V600E or V600K 

BRAF mutation was present. 

§Serum LDH at baseline was ≥1 x upper limit of normal. One patient with elevated 

serum LDH at baseline was not evaluable for efficacy.  
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Disease control rate was defined as the rate of complete response plus partial 

response plus stable disease for ≥7 weeks per RECIST v1.1.  

LDH, lactate dehydrogenase; PD-L1, programmed death-ligand 1; RECIST, 

Response Evaluation Criteria In Solid Tumors. 
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Table A3. Objective response per RECIST v1.1 by local investigator assessment 

according to tumor PD-L1 status, BRAF mutation status, serum lactate 

dehydrogenase levels, and presence of liver metastases at baseline (response-

evaluable population) 

 

n (%) 
Objective 
response 

rate 

Complete 
response  

Partial 
response 

Stable 
disease 

Disease 
control rate 

Progressive 
disease 

Total (N=38) 20 (52.6) 7 (18.4) 13 (34.2) 8 (21.1) 28 (73.7) 10 (26.3) 

PD-L1 status* 
Positive (n=22) 14 (63.6) 4 (18.2) 10 (45.5) 5 (22.7) 19 (86.4) 3 (13.6) 

Negative (n=13) 5 (38.5) 2 (15.4) 3 (23.1) 3 (23.1) 8 (61.5) 5 (38.5) 

Unknown (n=3) 1 (33.3) 1 (33.3) 0 0 1 (33.3) 2 (66.7) 

BRAF mutation status 

Wildtype† (n=26) 14 (53.8) 5 (19.2) 9 (34.6) 5 (19.2) 19 (73.1) 7 (26.9) 

Mutated‡ (n=11) 5 (45.5) 1 (9.1) 4 (36.4) 3 (27.3) 8 (72.7) 3 (27.3) 

Unknown (n=1) 1 (100.0) 1 (100.0) 0 0 1 (100.0) 0 

LDH 

High§ (n=11) 5 (45.5) 4 (36.4) 1 (9.1) 2 (18.2) 7 (63.6) 4 (36.4) 

Normal (n=27) 15 (55.6) 3 (11.1) 12 (44.4) 6 (22.2) 21 (77.8) 6 (22.2) 

Liver metastases 

Present (n=10) 5 (50.0) 2 (20.0) 3 (30.0) 1 (10.0) 6 (60.0) 4 (40.0) 

Absent (n=28) 15 (53.6) 5 (17.9) 10 (35.7) 7 (25.0) 22 (78.6) 6 (21.4) 

 

Data cutoff: September 1, 2020. 

*Immunohistochemistry analysis for PD-L1 was performed on baseline tumor 

samples using 28-8 PharmDx (Dako) and defined as PD-L1 negative (<1% tumor 

cell expression) or PD-L1 positive (≥1% tumor cell expression). 

†BRAF wildtype or V600E or V600K BRAF mutation was absent; ‡V600E or V600K 

BRAF mutation was present. 

§Serum LDH at baseline was ≥1 x upper limit of normal. One patient with elevated 

serum LDH at baseline was not evaluable for efficacy.  
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Disease control rate was defined as the rate of complete response plus partial 

response plus stable disease for ≥7 weeks per RECIST v1.1.  

LDH, lactate dehydrogenase; PD-L1, programmed death-ligand 1; RECIST, 

Response Evaluation Criteria In Solid Tumors. 
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Table A4. PFS per RECIST v1.1 by blinded independent central review according to 

tumor PD-L1 status at baseline (intent-to-treat population) 

 

n (%) 
PD-L1 positive 

(n=24) 
PD-L1 negative 

(n=14) 
PD-L1 unknown 

(n=3) 
TOTAL 
(N=41) 

Number of patients with an event 9 (37.5) 8 (57.1) 1 (33.3) 18 (43.9) 

Number of patients censored 15 (62.5) 6 (42.9) 2 (66.7) 23 (56.1) 

Median PFS (95% CI), mo 30.9 (5.8–NE) 5.3 (1.6–NE) NE (1.9–NE) 30.9 (5.3–NE) 

PFS rate at 12 mo (95% CI) 66.7 (42.4–82.6) 36.7 (12.0–62.3) 66.7 (5.4–94.5) 56.2 (38.4–70.6) 

PFS rate at 24 mo (95% CI) 61.6 (37.5–78.7) 36.7 (12.0–62.3) NE (NE–NE) 53.1 (35.4–67.9) 

PFS rate at 36 mo (95% CI) 46.2 (16.2–72.0) 36.7 (12.0–62.3) NE (NE–NE) 45.5 (25.5–63.5) 

Data cutoff date September 1, 2020. 

*Immunohistochemistry analysis for PD-L1 was performed on baseline tumor 

samples using 28-8 PharmDx (Dako) and defined as PD-L1 negative (<1% tumor 

cell expression) or PD-L1 positive (≥1% tumor cell expression). 

CI, confidence interval; NE, not estimable; PD-L1, programmed death-ligand 1; mo, 

months; PFS, progression-free survival; RECIST, Response Evaluation Criteria In 

Solid Tumors. 
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Table A5. Incidence of immune-mediated adverse events related to treatment with 

BEMPEG plus NIVO 

 

Event, n (%) 
  Total N=41 

Grade 1–2 Grade 3–4 
Immune-mediated adverse events 11 (26.8) 2 (4.9) 

Hypothyroidism/thyroiditis* 9 (22.0) 0 

Arthritis 1 (2.4) 0 

Diabetes mellitus/hyperglycemia treated with 

insulin 

0 1 (2.4) 

Nephritis and renal dysfunction 0 1 (2.4) 

Ocular event 1 (2.4) 0 

Skin adverse reaction 1 (2.4) 0 

Data cutoff: September 1, 2020. 

All immune-mediated adverse events are shown; all were considered treatment 

related by the investigator. Patients are only counted once under each preferred 

term using the highest grade; some patients may have experienced more than one 

event. 

*Adrenal insufficiency, hypophysitis, hypothyroidism/thyroiditis, and hyperthyroidism 

were automatically designated as immune-mediated adverse events without taking 

the selected medications received or not into consideration. 
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FIG A1. Patient flow 

BEMPEG, bempegaldesleukin; NIVO, nivolumab; PD, progressive disease; RECIST, 

Response Evaluation Criteria In Solid Tumors. 
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FIG A2. Swimmer plot of time and duration of best overall response by RECIST v1.1 

(blinded independent central review; all treated patients; N=41) 

Data cutoff: September 1, 2020. Median duration of follow-up 29.0 months. 

*Patient achieved PR in March 2018; had the end-of-treatment visit in July 2018; and 

achieved CR in October 2018.  

†Patient achieved PR in March 2018; had the end-of-treatment visit in May 2018 due 

to patient decision (quality of life); achieved CR in May 2018; and experienced 

disease relapse in September 2018 due to a new lesion (brain). 

End of treatment is based on the date and reason for discontinuation of both 

BEMPEG and NIVO, whichever was later. Other reasons for end of treatment 

included disease progression, death, unacceptable toxicity, symptomatic 

deterioration, achievement of maximal response, investigator decision to discontinue 
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treatment, patient withdrawal of consent, pregnancy, loss to follow-up, or study 

termination by the sponsor. Patients were treated for a maximum of 2 years. 

BEMPEG, bempegaldesleukin; CR, complete response; NIVO, nivolumab; PD, 

progressive disease; PD-L1, programmed death-ligand 1; PR, partial response; 

RECIST, Response Evaluation Criteria In Solid Tumors; SD, stable disease. 
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FIG A3. Waterfall plot of the maximum change in tumor size, including baseline 

tumor burden, with BEMPEG plus NIVO by blinded independent central review 

(response-evaluable population). 

Data cutoff: September 1, 2020. 

Response-evaluable population includes eligible patients with measurable disease 

(per RECIST v1.1) at baseline and at least one post-baseline assessment of tumor 

response. All objective responses are confirmed. 

CR, complete response; PD, progressive disease (due to non-target lesion 

progression or presence of new lesion); PD-L1, programmed death-ligand 1; PR, 

partial response (complete response for target lesion; non-target lesion still present); 

SD, stable disease. 
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FIG A4. A, B) Polyfunctionality and (C, D) and Polyfunctional Strength Index of CD4+ 

T cells and natural killer cells at baseline (C1D1) and early on treatment (C1D8) by 

response by blinded independent central review.  

Data cutoff: September 1, 2020.  
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Non-responder was defined as stable or progressive disease as best overall 

response (RECIST v1.1); responder was defined as complete or partial response as 

best overall response (RECIST v1.1). 

C1D1, cycle 1 day 1; C1D8, cycle 1 day 8; RECIST, Response Evaluation Criteria In 

Solid Tumors. 
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FIG A5. On-treatment changes in Polyfunctional Strength Index in A) CD4+ T cells 

and B) natural killer cells, and (C) in eosinophils in paired blood samples between 

baseline and early on-treatment (cycle 1 day 8) and relationship with clinical 

response by RECIST v1.1 (blinded independent central review). 

Data cutoff: September 1, 2020.  

Non-responder was defined as SD or PD as best overall response (RECIST v1.1); 

responder was defined as CR or PR as best overall response (RECIST v1.1). 
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C1D1, cycle 1 day 1 (baseline); C1D8, cycle 1 day 8 (on treatment); CR, complete 

response; PD, progressive disease; PR, partial response; PSI, polyfunctional 

strength index; RECIST, Response Evaluation Criteria In Solid Tumors; SD, stable 

disease. 
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FIG A6. Incidence of all-grade cytokine-related adverse events (influenza-like 

symptoms*, hypotension, pruritus, rash†) by treatment cycle (safety population). 

*Includes the following preferred terms: chills, influenza, influenza-like illness, 

pyrexia. 

†Includes the following preferred terms: erythema, rash, rash erythematous, rash 

generalized, rash macular, rash maculopapular, rash maculovesicular, rash papular, 

rash pruritic, rash pustular, rash vesicular, exfoliative rash. 
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FIG A7. Schematic of the single-cell IsoCode chip to analyze T-cell polyfunctionality. 

The color bars denote cytokines with effector (green), stimulatory (blue), 

chemoattractive (purple), inflammatory (red), and regulatory (yellow) functions 

PSI, polyfunctional strength index. 

Image reproduced from Parisi G, et al. Persistence of adoptively transferred T cells 

with a kinetically engineered IL-2 receptor agonist. Nat Commun 2020;11:660 under 

Creative Commons Attribution 4.0 International License: 

http://creativecommons.org/licenses/by/4.0/.  

 

http://creativecommons.org/licenses/by/4.0/
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