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ABSTRACT ARTICLE HISTORY
Combination immunotherapy with sequential administration may enhance metastatic melanoma (MM) Received 28 June 2021
patients with long-term disease control. High Dose Aldesleukin/Recombinant Interleukin-2 (HD rlL-2) and Revised 10 September 2021
ipilimumab (IPI) offer complementary mechanisms against MM. This phase IV study assessed the  Accepted 20 September 2021
sequenced use of HD rIL-2 and IPI in MM patients. Eligible Stage IV MM patients were randomized to KEYWORDS

treatment with either two courses of HD rIL-2(600,000 1U/kg) followed by four doses of IPI 3 mg/kg or vice- metastatic melanoma:
versa. The primary objective was to compare one-year overall survival (OS) with historical control (46%, ipilimumab; high dose
Hodi et al., NEJM 2010). Secondary objectives were 1-year progression-free survival (PFS), objective interleukin-2; clinical trial

response rate (ORR), and adverse events (AEs) profile. Evaluable Population (EP) included patients who
received at least 50% of planned treatment with each drug. Thirteen and 16 patients were randomized to
receive HD rIL-2 first, and IPI first, respectively. One-year OS rate was 75% for intention to treat population.
Eighteen patients were included in EP, 8 in HD rIL-2, 10 in IPI first arm. In EP, 1-year OS, PFS and ORR rates
were 87%, 68%, and 50%, respectively. The frequency of AEs was similar in both arms with 13 patients
experiencing Grade 3 or higher AEs, 3 resulting in the end of study participation. There was one HD rlL-
2-related death, from cerebral hemorrhage due to thrombocytopenia. In this study with small sample size,
HD rIL-2 and IPI were safe to administer sequentially in MM patients and showed more than additive
effects. 1-year OS was superior to that of IPI alone from historical studies.

INTRODUCTION objective response rate (ORR) of 16%, of which 6% were of
complete response (CR), especially in fit patients without pre-
vious immunotherapy exposure.” Critically, these responses
were found to be durable without relapses after 30 months in
responders. The median duration of the CR was more than
59 months.” Through these trials, HD rIL-2, for the first time,
raised the expectations of curing select MM patients despite the
drawbacks of the severe adverse events (AEs).

Development of the immune checkpoint inhibitors of cyto-
toxic T-lymphocyte-associated antigen 4 (CTLA-4) was
a groundbreaking event for MM patients. Ipilimumab (IPI),
monoclonal antibody blocking CTLA-4, augments T-cell acti-
vation, and proliferation.'®" Hodi et al. conducted a phase III
study comparing IPI alone versus IPI plus gp100 versus gp100
alone in patients with MM."? The control, gp100, was a Human

Melanoma causes most skin cancer-related deaths. The esti-
mated number of new melanoma cases in the U.S. in 2020 is
100,350, with 6,850 estimated deaths, and the number of new
cases has been increasing for the past few decades.' Before the
development of new therapies, five-year overall survival (OS)
of metastatic melanoma (MM) was as low as 2%~ two decades
ago, increasing to 16%’ a decade ago and now up to 52% with
new therapies* Recombinant Interleukin-2 was first described
in 1976 as a T cell growth factor™® and quickly found its way to
clinical trials in the high-dose form.” High-dose interleukin-2
(HD rIL-2) was the first successful immunotherapy in mela-
noma and was approved by the U.S. Food and Drug
Administration (FDA) for melanoma in 1998.% Analysis of
seven HD rIL-2 trials, enrolling 270 patients, showed an
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Lymphocyte Antigen-restricted peptide vaccine, which was not
anticipated to have significant activity as monotherapy. The
median OS with gp100 alone was 6.4 months, whereas, for IPI
alone and IPI with gp100, the median OS was 10 months. The
hazard ratio for death was significantly reduced by IPI alone
(p = .003) and IPI plus gpl100 (p < .001) when compared to
gp100 alone. The one-year OS rate for the IPI alone cohort
was 46%.

Both HD rIL-2 and IPI are effective immunotherapies for the
treatment of MM, but their mechanisms of action differ. IL-2 is
a cytokine stimulant for T cells, NK cells, and B cells, whereas
IPI is an antibody that blocks the binding site of CTLA-4,
a receptor that downregulates T cells when it is attached to its
ligand. Theoretically, the two agents could demonstrate synergy
in the clinic. The rationale for synergy is based on the idea that
IL-2 turns on the immune system while IPI prevents the
immune system from turning off. Previously, a phase I/II
study of the two drugs in combination was conducted at the
National Cancer Institute (NCI) and reported in 2005." In this
study, 36 patients were treated with an initial dose of IPI
followed by two cycles of both drugs at three-week intervals
and concluded by a final dose of IPI. The combination was
tolerated with AEs consistent with the use of both drugs when
given alone. An ORR of 22% was observed with a 9% CR rate.
Subsequently, two additional cycles were given to patients
whose tumors did not progress and who did not experience
dose-limiting toxicities and were reevaluated for the response
after every two cycles. When the cohort of patients was followed
up 5-6 years after treatment, 17% had an unmaintained CR."*

There is concern for overlapping toxicity when these agents
are given in combination, and thus a sequential strategy could
be attempted. It is unclear whether the effects of these drugs
would be additive or synergistic when used in sequence. This
randomized, two-arm, multicenter phase IV study was
designed to answer the question about the additive or syner-
gistic effects of the drugs when closely sequenced in the initial
therapy of MM. In addition, it provided insight into whether
the sequence of HD rIL-2 and IPI influences the ability to treat
with both drugs, the toxicity associated with the drugs, and if
the order of administration is essential in inducing and main-
taining responses.

MATERIALS AND METHODS
Patients

Patients were eligible if they had confirmed MM with at least
one measurable lesion per immune-related response criteria
(irRC),'” were 18 years or older, treatment naive, or had pre-
viously received only one systemic therapy apart from adjuvant
therapy. At least four weeks since the last adjuvant therapy or
other cancer treatment must have passed for the patients to
receive any treatments in the study. Patients with untreated
brain metastases were ineligible; however, patients with brain
metastases that had been treated, which no longer required
corticosteroid therapy and were without progression by MRI at
least six weeks after definitive therapy, were allowed entry.
Before starting the study procedures, all patients provided
written informed consent.

Study design and treatments

This was an open-label, randomized, two-arm, multicenter
phase IV study that assessed the sequence of HD rIL-2 and
IPI in patients with MM. Eligible subjects were randomly
assigned (1:1 randomization scheme) to one of two treatment
arms. The primary objective of the study was to compare one-
year OS of the intention to treat population (ITT) in each
treatment arm separately with historical control in the pivotal
Phase III ipilimumab study by Hodi and colleagues.'*

HD rIL-2 was given as intravenous (IV) bolus, at the dose of
600,000 IU/kg, every 8 hours, up to 14 doses per cycle, and one
course was two cycles of HD rIL-2. HD rIL-2 is given as one
course (2 cycles) in patients who progress and 2-3 courses of
the drug in patients who respond or have stable disease after
course 1. IPI was administered as an IV infusion at the dose of
3 mg/kg every 3 weeks, up to 4 doses per course regardless of
disease status during treatment. Dose reductions of the two
agents (e.g., for toxicity) were not allowed, in favor of either
skipping one or more doses or permanently discontinuing one
or both agents, consistent with labeling.

A course of HD rIL-2 was defined as 2 cycles (with up to 14
doses per cycle) of HD rIL-2. A course of IPI was 4 cycles (one
dose per cycle) of IPI. In treatment arm 1, subjects received one
or two courses (two to four cycles) of HD rIL-2 followed by one
course (four doses) of IPI. In treatment arm 2, subjects received
one course (four doses) of IPI followed by two courses (four
cycles) of HD rIL-2 (see Figure, Supplementary Figure 1, which
demonstrates the study schema).

A 3-6-week interval between the administration of the two
drugs was planned. Investigators adjusted this interval as
necessary to resolve treatment-related toxicities, especially dis-
continuation of corticosteroids. Subjects requiring corticoster-
oid treatment for IPI toxicities were to have steroid treatment
discontinued at least 2 weeks before treatment with HD rIL-2.
HD rIL-2 toxicities were likewise required to have resolved or
stabilized before starting treatment with IPI

Patients were scheduled for four post-baseline disease
response assessments: between 5 and 11 weeks, 13-19 weeks,
24-30 weeks, and one year after initiating therapy in either
treatment arm. The timing of the response assessments could
be adjusted to facilitate clinical procedures and treatment
decisions at the investigator’s discretion. Patients with stable
or responding disease continued per protocol. Patients with
progressive disease (PD) without substantial clinical deteriora-
tion after receiving at least 50% of the first drug doses (defined
as 1 cycle of HD rIL-2, or 2 doses of IPI), either continued per
protocol or transferred to the second drug at the investigator’s
discretion. Patients with a rapid PD requiring systemic non-
immunologic therapy were removed from the study. Patient
treatment tolerability and safety events were monitored and
managed.

The primary endpoint of the study was the one-year OS
rate. Secondary endpoints included progression-free survival
(PES), ORR, number of planned treatments received, safety,
and tolerability for each treatment arm sequence.

ITT included all randomized subjects. The Safety
Population (SP) was identified as all randomized subjects
who received at least one dose of either study drug. The
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Figure 1. Kaplan-Meier Survival Curves for Overall and Progression-Free Survival
in Evaluable Population. In the Evaluable Population, overall survival (OS) and
progression-free survival (PFS) combined for both treatment arms are shown (A),
along with OS by treatment arm 1 and 2 (B), and PFS by treatment arm 1 and 2 (C).
Median OS and PFS were not reached.

Evaluable Population (EP) consisted of all randomized subjects
who received at least 50% of the planned cycles of therapy of
both study drugs (i.e., 22 doses IPI and =1 cycle HD rIL-2).
Subjects who exhibited objective PD or died before the end of
one course of treatment were also considered evaluable.
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Assessments

Tumor response was assessed by computerized tomographic
scans at screening (up to 6 weeks before intervention), 5-
11 weeks, 13-19 weeks, 24-30 weeks, and one year after the
initiation of the treatment. The irRC was determined based on
tumor burden calculated by the World Health Organization
(WHO)_method of summation of the multiplied perpendicular
dimensions of all lesions are summed to obtain the tumor
burden."”

Clinical and laboratory assessments for safety and toxicity
evaluations were carried out at baseline and consecutive clin-
ical appointments in 5-11 weeks, 13-19 weeks, 24-30 weeks,
and one year after the first treatment. The severity of the
adverse events was graded using the NCI's Common Toxicity
Criteria (NCI-CTCAE), version 4.03."°

Statistical analysis

OS was computed from the start of the first treatment date to
date of death from any cause, and patients alive at their last
evaluation date were censored. OS was estimated using the
Kaplan-Meier method, and the difference between treatment
arms was evaluated using the log-rank test. One-year OS
rates, along with 95% confidence intervals (CI), were esti-
mated for the entire subject population and each treatment
arm separately.

The historical control was a randomized phase III trial
comparing IPI alone versus IPI plus gpl00 versus gpl00
alone in patients with MM.'? In that study, the one-year OS
for patients randomized to IPI alone (ITT) was 46%. The
primary objective of the present study was to compare the one-
year OS of the ITT within each treatment arm separately with
historical control. Using a one-year OS rate of 46% for the
historical control, and assuming a one-year OS rate of 60% for
each treatment arm, an accrual rate of 2 years, and a follow-up
time of 3 years, a sample size of 50 patients for each treatment
arm was initially estimated to provide 88% power to detect the
14% difference in OS rates using a one-sided alpha (a) level of
0.05. The power computation was determined using the statis-
tical tools on the SWOG Statistical Center website.'”

Provided the early termination of enrollment without
reaching the target accrual, the observed one-year OS rates of
EP in entire cohort was compared with the historical control
rate of 46%,? using a one-sample binomial test (one-sided).

PES was computed from the start of the first treatment date
to the date of objective PD or death from any cause, and
patients alive who did not experience objective PD were cen-
sored at their last evaluation date. PFS was estimated using the
Kaplan-Meier method, and the difference between treatment
arms was evaluated using the log-rank test. One-year PFS rates,
along with 95% CI, were estimated for the entire subject popu-
lation and each treatment arm separately.

Planned treatment received was evaluated in both treatment
arms. The number of IPI and HD rIL-2 doses and cycles were
counted for each treatment arm. The difference in the number
of cycles between treatment arms was assessed using Fisher’s
exact test. The difference in the number of doses between
treatment arms was assessed using Student’s t-test.
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CR, partial response (PR), stable disease (SD), and PD were
reported using irRC."® CR rate, ORR (CR + PR), and disease
control rate (DCR = CR + PR + SD) were summarized with
frequencies and percentages by treatment group and both arms
combined in the EP. The difference in tumor response between
treatment arms was assessed using Fisher’s exact test.

The best response was defined as the best objective response
achieved at any assessment during the study. Duration of best
response was computed from the date of the best response to
death or the last evaluation date. The difference in duration of
best response between the two treatment arms was assessed by
the Wilcoxon rank sum test (exact p-value).

RESULTS
Patients and treatment

Initially, enrolling 100 patients, 50 in each treatment arm, was
expected to have a study power of 88% to detect a difference in
OS. However, the study was terminated after randomizing 29
patients from September 2013 through August 2015 due to
slow enrollment. Three patient populations were identified
for further analysis, including ITT, EP, and SP, as described
in the methods section. Thirteen patients were randomized to
treatment arm 1 and 16 patients to treatment arm 2 in the ITT
group, where all randomized subjects were included. One
patient in treatment arm 1 withdrew consent before starting
any treatment. SP consisted of all randomized subjects who
received at least one dose of either study drug, including 12
patients in treatment arm 1 and 16 patients in treatment arm 2.
EP was defined as all patients who completed at least 50% of the
expected therapy cycles of both research drugs (=2 doses IPI
and 21 cycle HD rIL-2). In EP, treatment arm 1 and 2 consisted
of 8 and 10 patients, respectively.

The baseline characteristics of the patients in the ITT are
described in Table 1. In ITT, there were 17 (58.6%) patients
that had mutation testing. BRAF was the most frequent muta-
tion identified, as it was reported by 9 (31.0%) patients.
Additionally, two patients (6.9%), one from each treatment
arm, tested positive for an NRAS mutation. Twenty-two out
of 29 (75.9%) patients in ITT, 11 patients from each treatment
arm received prior treatment before enrolling in the clinical
trial. None of the patients received prior dacarbazine, temozo-
lomide, platinum, vinca alkaloids, paclitaxel, or nitrosourea.
No patients had prior treatment with antibodies against PD-1
or PD-L1. Details of the treatments are given in Table 1. The
most common metastatic sites were lymph nodes (44.8%), lung
(37.9%), liver (17.2%), and bone (13.8%), similar in both treat-
ment arms (Table 1).

There were 22 patients in ITT who received at least one dose
of HD rIL-2; 12 in treatment arm 1 and 10 in treatment arm 2.
On the other hand, at least one dose of IPI was given to 26
patients, 10 and 16 patients in treatment arm 1 and 2, respec-
tively. Comparative analysis was conducted for certain aspects
of the treatment with HD rIL-2 and IPI (i.e., dosing, duration,
compliance). Dosing information details of the treatment with
HD rIL-2 and IPI by treatments arm 1, 2, and all EP were
presented in Supplementary Table 1 (see Supplementary Table
1, which shows the dosing of HD rIL2 and IPI for each

treatment arms in EP). There was no statistically significant
difference between the treatment arms in mean total doses
(p-value = 0.76) of HD rIL-2 or IPI (p-value = 0.19). In addi-
tion, no statistically significant differences were observed
between the treatment arms in the highest cycle completed
for IPI (p-value = 0.76) and HD rIL-2 (p-value = 1.0) or the
level of HD rIL-2 compliance (p-value = 0.27). The most
common reason for stopping treatment with IPI and HD rIL-
2 was the completion of the planned dosing.

Seven of the patients (24.1%) enrolled in the study com-
pleted all study requirements. The most common reason
patients discontinued early from the study was PD, which
was seen in 10 out of the 29 (34.5%) patients, followed by
other reasons (4 patients, 13.8%), AEs (3 patients, 10.3%) and
death (3 patients, 10.3%). One patient withdrew consent in
each treatment arm (Table 2). Other reasons included dis-
continuation from the study due to noncompliance for one
patient in treatment arm 2 and study closure by the sponsor
for three patients, one in treatment arm 1, and two in treat-
ment arm 2. Two deaths occurred in treatment arm 2 due to
PD, but not due to treatment-related adverse events. One
treatment-related death occurred in treatment arm 1. The
patient experienced Grade 4 hypoxia, acute respiratory fail-
ure, and Grade 5 cerebral hemorrhage from thrombocytope-
nia after receiving cycle 1 of HD rIL-2 and deceased from the
complications of these adverse events during hospitalization.
Details of the reasons for study discontinuation are presented
in Table 2.

Efficacy

OS, PFS and, best response data are presented in Table 3, and
Kaplan-Meier survival curves are shown in Figure 1. Median
follow up of all EP was 10.1 months; 11.3 and 9.1 months for
treatment arm 1 and 2, respectively.

Median OS was not reached in EP at one-year. The esti-
mated one-year OS rate for the 18 patients in EP was 87% (95%
CI: 57-97%). One-year OS rate in both treatment arms in EP
was 88% (95% CI: 39-98%) (p = .81).

The estimated one-year OS rate for all 29 patients in the ITT
was 75% (95% CI: 51-88%), with the median OS not reached.
The estimated one-year OS rates were 73% (95% CI: 38-91%)
and 75% (95% CI: 40-92%) for treatment arm 1 and 2, respec-
tively. Statistically significant differences were observed for
both and individual treatment arms of ITT compared to the
historical control of 46%'? (p-value = 0.001, 0.03, and 0.01 for
all ITT, treatment arm 1 and 2, respectively).

Median PFS was not reached for patients in the EP. The
one-year estimated PFS rate was 68% (95% CI: 37-86%). The
one-year PFS rate in treatment arm 1 in EP was 58% (95% CI:
18-84%), while 80% (95% CI: 41-95%), in treatment arm 2
(p-value = 0.59).

In EP, CR rate was 17%, PR rate was 33%, ORR was 50%,
and DCR was 83% in both treatment arms combined. In treat-
ment arm 1, 1 CR (13%) and 3 PRs (38%) were observed, while
2 patients had CR (20%) and 3 patients had PR (30%) in
treatment arm 2 (Table 3). There was no statistically significant
difference in tumor response between the two treatment arms

(p = 1.00) (Table 3).



Table 1. Baseline Characteristics of the Patients.
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Table 2. Reason for End of Study.

Treatment Treatment Treatment Arm Treatment Arm Total
Arm1n=13 Arm2n=16 Totaln =29 Tn=13 2n=16 n=29
Characteristics* n % n % n % Reason n % n % n %
Gender Adverse Event 2 15.4 1 6.3 3 103
Female 5 38.5 4 250 9 31.0 Deceased* 1 7.7 2 12.5 3 103
Male 8 61.5 12 750 20 69.0 Disease Progression 5 385 5 313 10 345
Ethnicity Other** 1 77 3 18.8 4 138
Hispanic/Latino 1 7.7 1 6.3 2 69 All study requirements 3 23.1 4 25.0 7 241
Non-Hispanic/Latino 12 923 15 9338 27 93.1 completed
Race Withdrew consent 1 7.7 1 6.3 2 69
African American ! 7.7 0 00 1 34 % treatment arm 1, one patient experienced Grade 4 hypoxia, acute respiratory
Caucasian 12923 161000 28 966 failure and Grade 5 cerebral hemorrhage from thrombocytopenia after receiving
Age cycle 1 of HD rIL2. The patient was deceased from the treatment related
<65 12923 14 578 26 897 complications. Two other patients in treatment arm 2 deceased from disease
265, 1 7.7 2125 3103 progression while on study, not from treatment related toxicity.
M_edlan 495 NA 46 NA 48 NA **QOther reasons included discontinuation from the study of one patient due to
Min, Max 32,70 NA 20,69 NA 20,70 NA noncompliance in treatment arm 2, and study closure by sponsor for one in
Screening ECOG treatment arm 1, and two in treatment arm 2.
0 10 76.9 14 875 24 828
1 3 23.1 2 125 5 172
BRAF**
Mutant 4 308 5 313 9 310 after HD rIL-2, then PD after IPI. In treatment arm 2, 7
\L,Jvrlmllfngxs (2) 13'3 f 12'3 ‘1‘ 13'3 patients had response assessment after each treatment and 3
Not tested 7 538 8 500 15 517  patients had the same response with both treatments. Notably,
Prior treatment*** 4 patients had potentiation of the response with 2 patients
Primary Excision 1 846 8 500 19 655  having PR with IPI then CR after HD rIL-2, one patient with
_ Lymphadenectomy 3 231 6 375 9 310 pp on IPI followed by SD after HD rIL-2; and one patient SD
Excision of Metastasis 6 46.2 3 1838 9 310 K .
Biopsy 0 0.0 1 6.3 1 34 with IPI then PR with HD rIL-2.
Radiation (Primary) 2 15.4 4 250 6 20.7
Radiation (Metastases) 2 15.4 1 6.3 3 103
Trametinib+Dabrafenib 1 7.7 0 0.0 1 34
Vemurafenib-+a-Interferon 0 0.0 1 6.3 1 34 Adverse events
Metastatic Sites C ; :
ommon AEs that happened in two or more patients, as well as
Lymph nodes 6 462 7 438 13 4438 . pp P
Lung 5 385 6 375 11 379 CTCAE version 4.03 Grade 3 and 4 or more AEs that were
Liver 2 154 3 188 5 172 reported for the SP (n = 28), are described in Table 4. AEs were
2&2’3 f 1;? f 1?)'2 ‘2‘ 12'3 listed in descending order of system organ class then preferred
Soft tissue 0 00 2 125 2 69 term. Overall, there were 19 patients (68%) that reported at
Brain 1 7.7 0 00 1 34  least one AE; nine patients (75%) in treatment arm 1 and 10
lrt\/lirsecrl]sl gland g 8'8 } 2'§ } g'j (63%) patients in treatment arm 2. Thirty AEs were reported as
Retroperitoneum 0 00 1 63 1 34  serious by 10 patients; five patients in each treatment arm. The
Kidney 177 0 00 1 34 most common AEs were acute kidney injury (10 patients,

Al patients had primary cutaneous melanoma, except for one patient with
primary mucosal melanoma.

**Additional mutations other than BRAF were tested for some patients. In each
arm, one of two patients tested had NRAS mutant disease. Three of three
patients tested were c-kit wild-type. One patient had PIK3CA mutation in
treatment arm 1 and PTEN mutation in treatment arm 2.

***None of the patients received prior dacarbazine, temozolomide, platinum,
vinca alkaloids, paclitaxel or nitrosourea. No patients had prior treatment with
antibodies against PD-1 or PD-L1.

The median duration of the best response (CR+PR) for all EP
was 6.8 months with a range of 4.2 to 11.0 months of response.
The median duration of best response was 6.9 months for treat-
ment arm 1, and 6.8 months for treatment arm 2 (p = .56) (Table
3). The median duration of clinical benefit, defined as CR/PR/SD,
is 6.8 months (range: 1.5~ 11.0 months) for all patients (n = 15);
7.0 months (range: 2.1- 10.7 months) for patients in treatment
arm 1 (n =7); 6.5 months (range: 1.5- 11.0 months) for patients in
treatment arm 2 (n = 8) (Table 3 and Figure 2).

In treatment arm 1, of the 8 patients who had response
assessment after each treatment, 6 patients had the same
response after both treatments. One patient had SD after HD
rIL-2 followed by PR after IPI, whereas another patient had PR

36%), diarrhea (5 patients, 18%), back pain (4 patients, 14%),
peripheral edema (4 patients, 14%), hypotension (4 patients,
14%), and thrombocytopenia (4 patients, 14%) (Table 4).

Seven patients (25%) from the SP with 23 AEs were reported as
immune-mediated; three patients in treatment arm 1 (25%) and
four patients (25%) in treatment arm 2. The most frequently
reported irAEs were gastrointestinal disorders with severity ran-
ging from Grade 1 to Grade 5. Two patients had Grade 4 irAEs.
One of the patients was in treatment arm 1 receiving HD rIL-2,
and had Grade 4 thrombocytopenia, hypoxia, respiratory failure,
supraventricular and ventricular tachycardia, as well as a Grade 5
intracranial hemorrhage resulting in death from AEs. All of these
irAEs were related to HD rIL-2 as they happened following cycle 1
of HD rIL-2 treatment before receiving IPI. The other patient with
a Grade 4 AE was from treatment arm 2 and had colitis and
intestinal perforation that was related to IPI, causing the conclu-
sion of IPI treatment. This patient withdrew consent and never
received HD rIL-2 while on study. In treatment arm 2, two
patients had repeating irAEs. One patient had a repeating renal
failure (Grade 3), while the other patient had a repeating hyperbi-
lirubinemia (Grade 1 and Grade 3), which were definitely related
to HD rIL-2 and caused the conclusion of HD rIL-2 cycle.
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Table 3. Summary of Outcomes of EP.

Measure Level Treatment Arm1 (N = 8) Treatment Arm2 (N = 10) All (N=18) p-value

Follow-up (months) Mean (SD) 9.7 (4.3) 9.1 (2.9) 9.3 (3.5) 0.71
Median (Min, Max) 11.3 (4.2, 14.8) 9.1 (5.0, 13.1) 10.1 (4.2, 14.8)

Best response, n (%) CR 1(13) 2 (20) 3(17) 1.00
PR 3(38) 3(30) 6 (33)
SD 3(38) 3 (30) 6 (33)
PD 1(13) 2 (20) 3(17)

Duration of best response (months) Number of patients 4 5 9 0.56
Mean (SD) 6.3 (1.4) 74 (2.1) 6.9 (1.8) 0.73
Median (Min, Max) 6.9 (4.2,7.4) 6.8 (5.6,11.0) 6.8 (4.2, 11.0)

Overall survival Number of deaths 1 1 2 0.81
1-year rate % (95% Cl) 88 (39, 98) 88 (39, 98) 87 (57, 97)

Progression-free survival Number of events 3 2 5 0.59
1-year rate % (95% Cl) 58 (18, 84) 80 (41, 95) 68 (37, 86)

Duration of clinical benefit (months) Mean (SD) 7.0 (3.1) 6.0 (3.0) 6.4 (3.0) 0.59
Median (Min, Max) 7.0 (2.1, 10.7) 6.5 (1.5, 11.0) 6.8 (1.5, 11.0)

Abbreviations: Cl = confidence interval; CR = complete remission; EP = Evaluable Population; Max = Maximum; Min = Minimum; PD = progressive disease; PR = partial

response; SD = standard deviation.

Steroid use was required in one patient on treatment arm 1
and two patients on treatment arm 2. The (ir) AEs requiring use
of steroids were diarrhea, possible Addison’s disease and bilat-
eral leg weakness. The duration of the steroid use ranged
between 21 and 45 days.

Three patients had an AE that led to their early discontinua-
tion from the study. The AEs which resulted in removal from
the study were diarrhea and autoimmune encephalopathy
caused by IPI in the treatment arm 1. In treatment arm 2,
acute renal failure and respiratory failure secondary to HD
rIL-2, and intestinal perforation and perihepatic abscess due
to IPI were the other AEs causing removal from the study.

DISCUSSION

This phase IV HD rIL-2 and IPI trial was performed to deter-
mine the efficacy and tolerability of sequencing these drugs in
metastatic melanoma. The study showed an improved one-
year OS rate of 75% for ITT over the pre-specified historical
control OS rate of 46%. The median OS was not reached for the
patients in the EP. In EP, the one-year OS rate was 87%, PFS
rate was 68%, ORR was 50%, with a DCR of 83%. Note that EP
is a smaller population than ITT and might reflect a bias
favoring those who remained healthy enough to receive both
treatments. The side effect profile was consistent with each
treatment agent’s established AEs, with the most common

Evaluable Patients

Acr

APR
A SD
@D

Months

W Treatment Arm 1 B Treatment Arm 2

Figure 2. Swimmer's Plot for Efficacy in Evaluable Population. In Evaluable Population, treatment response by time in months were presented. Blue and red bars
represent treatment arm 1 and 2, respectively. Black circle shows PD, while blue, black and red triangles show CR, PR, and SD, respectively.



Table 4. Adverse Events.
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Treatment Arm 1 n (%)

Treatment Arm 2 n (%)

Total n (%)

Adverse Event Total Grade3 Grade=4 Total Grade3 Grade=4 Total Grade3 Grade=4
Discrete number of patients with adverse events 9 2 1 10 4 2 19 6 3
(75) (17 (8) (63) (25 (13) (68) @mn (10
Laboratory Investigations
Increased Creatinine 3 0 0 0 0 0 3 0 0
(25) (1)
Increased AST 1 0 0 1 0 0 2 0 0
(8) (6 (7)
Increased ALT 1 0 0 1 0 0 2 0 0
8 (6) 7)
Increased BUN 2 0 0 0 0 0 2 0 0
(17) @
Gastrointestinal Disorders
Diarrhea 4 1 0 1 0 0 5 1 0
(33) 8 (6) (18) 4
Nausea 2 0 0 1 0 0 3 0 0
(17) (6) (m
Vomiting 1 0 0 2 0 0 3 0 0
(8) (13) (11)
Colitis 0 0 0 2 1 1 2 1 1
(13) (6) (6) @) (4) 4)
Ascites 0 0 0 1 1 0 1 1 0
(6) (6) (4) (4)
Intestinal Perforation 0 0 0 1 0 1 1 0 1
(6) (6) (4) (4)
Renal and Urinary Disorders
Acute kidney injury 8 0 0 2 0 1 10 0 1
(67) (13) (6) (36) (4)
Urinary retention 2 0 0 0 0 0 2 0 0
(17) @)
Musculoskeletal and Connective Tissue Disorders
Back Pain 4 2 0 0 0 0 4 2 0
(33) 17 (14) @)
Muscular weakness 3 1 0 0 0 0 3 1 0
(25) 8 (amn 4
Neck pain 3 1 0 0 0 0 3 1 0
(25) (8) (1 (4)
Musculoskeletal Pain 2 0 0 0 0 0 2 0 0
(17) 7)
Extremity Pain 2 0 0 0 0 0 2 0 0
(17) @)
General Disorders
Peripheral Edema 3 0 0 1 0 0 4 0 0
(25) (6) (14)
Fatigue 1 0 0 2 0 0 3 0 0
(8) (13) (11)
Vascular Disorders
Hypotension 3 0 0 1 0 0 4 0 0
(25) (6) (14)
Flushing 3 0 0 0 0 0 3 0 0
(25) (11)
Cardiac Disorders
Sinus Tachycardia 2 0 0 0 0 0 2 0 0
(17) @
Supraventricular Tachycardia 2 0 1 0 0 0 2 0 1
(17) 8) @) (4)
Tachycardia 1 0 1 1 0 0 2 0 1
(8) (8) (6) (7) (4)
Metabolism and Nutrition Disorders
Hyponatremia 1 0 0 2 0 0 3 0 0
(8) (13) (11)
Metabolic Acidosis 2 0 0 0 0 0 2 0 0
(17) @)
Nervous System and Psychiatric Disorders
Paresthesia 0 0 0 2 0 0 2 0 0
(13) 7)
Autoimmune Encephalitis 1 1 0 0 0 0 1 1 0
(8) 8) (4) (4)
Intracranial Hemorrhage 0 0 1 0 0 0 1 0 1

(Continued)
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Table 4. (Continued).

Treatment Arm 1 n (%) Treatment Arm 2 n (%) Total n (%)
Adverse Event Total Grade3 Grade=4 Total Grade3 Grade=4 Total Grade3 Grade=4
Sedation 0 0 0 1 1 0 1 1 0
(6) (6) 4 4
Mental Status Change 0 0 0 1 1 0 1 1 0
(6) (6) 4 4
Infections and Infestations
Pneumonia 0 0 0 2 2 0 2 2 0
(13) (13) @ @)
Perihepatic Abscess 0 0 0 1 0 1 1 0 1
(6) (6) 4 4
Respiratory, Thoracic and Mediastinal Disorders
Respiratory Failure 1 0 1 1 0 1 2 0 2
(8) (8) (6) (6) @ @
Hypoxia 1 0 1 0 0 0 1 0 1
(8) (8) 4 4)
Blood and Lymphatic System Disorders
Thrombocytopenia 4 0 1 0 0 0 4 0 1
(33) (8) (14) 4)
Skin and Subcutaneous Tissue Disorders
Rash 1 0 0 1 0 0 2 0 0
(8) (6) @)

ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase BUN: Blood Urea Nitrogen
Table represents the discrete number of patients with the represented adverse events which may not sum up.

Grade 3-4 side effects being pneumonia, respiratory failure,
and back pain, seen in 2 patients (7%) each. There were 3 total
deaths in this study (10.3%), including one patient (3.4%) who
died of side effects of HD rIL-2 treatment.

Metastatic melanoma treatment entered into a new era after
the approval of HD rIL-2 (1998) and IPI (2011). These drugs have
distinctly different mechanisms of action. IL-2 acts via the cyto-
kine stimulation of T-cells. IPI inhibits the immunosuppressive
CTLA-4 checkpoint receptor. Both drugs are known to activate
the T-cell response, which is crucial in tumor cell killing,'*"’

After the approval of both agents, the possibility of enhanced
activity through combination treatment was proposed. The com-
bination of interest, concomitant use of HD rIL-2 and IPI in
a Phase I/II study showed an ORR of 25%'>'* and another
Phase II study with a higher dose of IPI at 10 mg/kg showed
ORR of 11%.*° In a retrospective study that analyzed 52 patients
treated with HD rIL-2 after progression on IPI showed ORR
benefit of 21%, compared to ORR 12% of 276 patients treated
with HD rIL-2 without prior immune checkpoint blockade.*' Our
study sought to explore this further by asking whether the sequen-
tial use of HD rIL-2 and IPI was additive or synergistic. This study
with a limited sampling size showed an ORR of 50%, which is
more than the addition of individual ORR of each agent, which is
16% for HD-IL-2> and 11% for IPI'? or concomitant use of the
agents.20

The primary endpoint of the study, one-year OS rate of 75%, in
ITT was statistically higher than the historical control of 46% in
IPI only arm of the study.'” While there was no difference
between the treatment groups, both arms had better OS than
the historical control. Although our study was relatively small, it
demonstrated a similar 1-year OS when compared to outcomes
obtained using the BRAF- and MEK-targeting agents dabrafenib
and trametinib,”* which had 1-year OS of 72%.

Several toxicity issues may interfere with the sequential use of
these drugs, especially if HD rIL-2 is used as the follow-up drug
to IPI. Immune-related AEs (irAEs) related to IPI are frequently

treated with glucocorticoids, which are contraindicated during
HD rIL-2 administration. Following ineffective treatment with
IPI, patients may have experienced PD, and thus their perfor-
mance status might have declined, potentially contraindicating
the use of HD IL-2. Therefore, it was of interest to explore the
feasibility of sequential use of those drugs.

There was little difference between the treatment arms in
terms of compliance with both study drugs. In both treatment
arms, the numbers of patients for each reason for early disconti-
nuation from the study were similar; 10 patients (34.5%) had PD,
3 patients (10.3%) died, and 3 patients (10.3%) had serious AEs.
Thrombocytopenia, hypoxia, respiratory failure, intracranial
hemorrhage that occurred in one patient due to HD rIL-2 in
treatment arm 1 were the AEs that caused the early discontinua-
tion from the study and death. In treatment arm 2, the other AEs
causing early discontinuation from the study were acute renal
failure and respiratory failure secondary to HD rIL-2, and intest-
inal perforation, and perihepatic abscess due to IPL

Hypotension and supraventricular tachycardia related to HD
rIL-2 were less common than in other studies, while respiratory
events and renal failure were seen at similar frequency.” The most
common irAE related to IPI were gastrointestinal disorders,
including diarrhea and colitis, similar to historical control.'>**~*>
Unlike other studies, rash was less common in this study."?

Although this study demonstrated an increase in OS relative to
historical controls, it has some major limitations. First, the study
ended early after only 29 patients had been enrolled due to a poor
enrollment rate. Hence, the sample size was less than originally
expected. Although the sample size of the study is considerably less
than what was anticipated, if a power computation for a future
study using the estimates from this study compared with the same
historical controls were performed, treatment arm 1 would achieve
75% power to detect the 42% difference in one-year OS rates with 8
patients, while treatment arm 2 would achieve 89% power with 10
patients. In addition, this study does not report analyses of long-
term survival and tumor response that would be useful for



measuring long-term OS for the durability of response in respon-
dents and comparing whether there is an increase in ORR as in the
previous analysis."

Until the advent of checkpoint inhibitors, HD rIL-2 was the
only immunotherapy in melanoma documented to induce long-
term (>10 years) remissions reliably in metastatic melanoma,
albeit only in a fraction of treated patients. That being said, the
drug could prove much more useful if its therapeutic index could
be improved, either by lowering toxicity or increasing the propor-
tion of treated patients experiencing clinical benefit. Unlike HD
rIL-2, presently approved checkpoint inhibitors targeting the PD-1
pathway, which have come to dominate melanoma treatment, do
not have long-term data documenting disease control, and even
cures, in metastatic melanoma.

Our study suggests that HD rIL-2, relegated to a secondary
or tertiary role in melanoma management, warrants further
investigation as a complement to checkpoint inhibitor therapy.
Checkpoint inhibitor combination therapy (IPI with PD-1
inhibitor) is in wide use for the treatment of melanoma and
a wide variety of other malignancies. Adding HD rIL-2 to this
combination treatment regimen or to PD-1 inhibitor therapy
may be able to enhance activity. This may allow a higher rate of
complete treatment response than either therapy alone or
shorter durations of therapy. In either case, this could yield
further improvement in melanoma therapy.

In addition, the hypothesis assessed here, whether sequencing
of immunotherapy treatment has an impact on the outcome,
remains a worthwhile hypothesis to explore. Sequencing versus
the combination of IPI after PD-1 progression is being investigated
in $1616 (NCT03033576).>° The concept of sequencing PD-1 with
IPI or with HD rIL-2 before PD-1 failure has not been studied.
Given the complementary mechanisms of action, this may repre-
sent a reasonable avenue for future investigation.

In summary, this phase IV study suggests a potentially more
than additive effect between IPI and HD-IL2 when administered
sequentially in metastatic melanoma patients. The toxicity profile
was acceptable, with expected AEs of each treatment agent. These
results provide an impetus for a renaissance of investigation in the
role of IL-2 in melanoma treatment.
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CI: Confidence Interval
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CTLA-4: Cytotoxic T-lymphocyte-associated antigen 4
DCR: Disease control rate
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irAEs: Immune-related adverse events

irRC: Immune-related response criteria
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ORR: Objective response rate

OS: Overall survival

PD: Progressive disease

ONCOIMMUNOLOGY €1984059-9

PFS: Progression-free survival
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Novelty and Impact:

This phase IV study aimed to improve ORR and 1-year OS in metastatic
melanoma by sequencing two approved immunotherapy agents, aldesleu-
kin and ipilimumab. We summarized the 29 enrolled patients and their
outcomes with a noticeable ORR of 50% and 1-year OS of 87% in the
evaluable population. This study highlights the importance of considering
the mechanism of action when designing and executing studies. It raises
the possibility of sequencing or combining PD-1 inhibitors with cytokine
therapy such as aldesleukin as a reasonable treatment strategy.
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