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Purpose: This study was a prospective single-arm clinical trial aimed at assessing the efficacy
and toxicity of subcutaneous interleukin (IL)-2 monotherapy in patients with metastatic renal
cell carcinoma (RCC).

Materials and Methods: We enrolled 26 patients with metastatic RCC in this multicenter con-
trolled trial. The patients received subcutaneous injections of recombinant IL-2 (BMI-rh-IL2,
an aldesleukin biosimilar, BMIKOREA Co., Ltd.) in 5-week cycles. In the first week, the patients
received a subcutaneous IL-2 loading dose of 18x10° IU once on treatment days 1-5, followed
by 2 days of rest. In the following 3 weeks, they received a dose of 18x10° IU via subcutaneous
injection once on treatment days 1 and 2. Then, the patients received a dose of 9x10° IU via
subcutaneous injection once on treatment days 3, 4, and 5, followed by 2 days of rest. The pri-
mary end point was the objective response rate; the secondary end points were progression-
free survival (PFS) and safety.

Results: Overall, 22 patients were included in the final per-protocol analysis. The objective
response and the disease control rates were 13.64% (3 of 22), and 90.9% (20 of 22), respectively.
The mean PFS was 5.55 months (95% confidence interval, 2.71-8.4). The proportion of patients
who experienced a treatment-related grade 3 or 4 adverse event was 3.85% (1 of 26). There
were no treatment-related deaths.

Conclusions: In this study, the subcutaneous IL-2 monotherapy regimen demonstrated ef-
ficacy and safety comparable to those reported in previous studies of subcutaneous IL-2 mono-
therapy and was effective in Korean patients with metastatic RCC.
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INTRODUCTION

In recent years, the instances of incidental de-
tection of early and small renal tumors, which
are potentially curable, are increasing rapidly
because of an increase in regular health check-
ups worldwide. In most patients, local or locally

advanced renal cell carcinoma (RCC) is curable;
however, some of these patients develop metastatic
disease. In addition, many patients are still
diagnosed with metastatic RCC.! The prognosis of
metastatic RCC, as in the case of most metastatic
cancers in humans, is generally considered poor,
with the predicted 5-year survival rate being lower
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than 20%.”* Owing to a deeper understanding of
the molecular biology of RCC, the therapeutic
options for metastatic RCC have expanded, and
several antiangiogenic agents and immune-
checkpoint inhibitors (ICIs) have been developed.
Tyrosine kinase inhibitors (TKIs), especially
sunitinib and pazopanib, are currently used as the
first-line treatments for metastatic RCC and have
shown promising results.”® Satisfactory results
have also been reported for the more recently
developed ICIs.”® However, several issues remain
to be addressed. Moreover, further study of the
optimal treatment sequences for patients with
metastatic RCC is needed.

RCC is resistant to cytotoxic chemotherapy.
The mechanisms underlying the development
of cytotoxic drug resistance in metastatic RCC
remain unknown. It is generally accepted that
these mechanisms may involve overexpression of
p-glycoprotein efflux pumps and the dysregulation
of the microtubule-hypoxia inducible factor
signaling axis.” Although some clinical outcomes
of cytotoxic chemotherapy in nonclear cell RCC,
such as sarcomatoid and collecting-duct RCC
variants, have been reported, the roles of cytotoxic
chemotherapy in the treatment of clear cell RCC
are poorly elucidated.”' Thus, other effective
therapeutic strategies, such as immune modulation,
have been intensively studied. Cytokine therapies
have been used for the treatment of metastatic
RCC for a long time, and antiangiogenic therapies
were introduced in 2005. At present, ICIs that
regulate T-cell activation are widely used.

The role of cytokines and ICIs in the cancer
immunotherapy is to stimulate the immune res-
ponse through several different mechanisms. In
particular, cytokines are used to non-specifically
stimulate immune processes.”® To date, 2 cytokines-
interleukin-2 (IL-2) and interferon-a-have been
approved for use as single agents for the treatment
of several cancers. These agents have demonstrated
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significant antitumor activity against advanced
RCC and metastatic melanoma.'* High-dose (HD)
IL-2 therapy was approved in 1992 for the treatment
of metastatic RCC; most of the endogenous IL-2 is
produced by activated CD4+ T cells. Administered
IL-2 increases natural killer (NK) cell activity and
induces lymphokine-activated killer cells in the
circulation.” These cytotoxic effector cells lead to
the eradication of tumor cells. In a phase II study
in which HD IL-2 therapy was performed in 255
patients with metastatic RCC, the overall objective
response rate (ORR) was 14%, with the complete
response (CR) and partial response (PR) rates
being 5% and 9%, respectively.'® However, HD IL-2
therapy is associated with a higher incidence of
adverse events (AEs), which can be life-threatening
when improperly managed. It is also associated
with a severe toxicity profile, and therefore, low-
dose and subcutaneous regimens have been
suggested. In this prospective single-arm controlled
study of IL-2, we evaluated its efficacy and safety
in Korean patients with metastatic RCC.

MATERIALS AND METHODS

1. Patients and Ethical Statement

We included patients with clinically diagnosed
metastatic RCC who received subcutaneous
IL-2 therapy between December 2011 and
November 2014 at 3 tertiary care centers (Asan
Medical Center, Dong-A University Hospital,
Severance Hospital). The major eligibility criteria
were as follows; age of =18 to <75 years; an
Eastern Cooperative Oncologic Group (ECOG)
performance status of 0 or 1; a histologically or
cytologically confirmed diagnosis of metastatic
RCC with a bidimensionally measurable and
clearly progressive lesion; life expectancy of >
10 weeks; favorable or intermediate Memorial
Sloan Kettering Cancer Center (MSKCC) risk;
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and an adequate organ function. Adequate
organ function was defined as follows: normal
hematologic parameters, a serum creatinine
level of <twice the upper limit of normal (ULN);
serum glutamic oxaloacetate transaminase and
glutamate pyruvate transaminase levels <twice
the ULN; and a serum bilirubin level of <2.0 mg/
dL. Patients were able to receive pressor agents.
The exclusion criteria were as follows: a history of
hypersensitive reaction due to recombinant IL-2,
other malignancies, more than 12 metastatic sites,
a history or symptoms of severe cardiac disease,
systemic infections requiring antibiotic treatment,
metastasis to the central nervous system,
resting pO, of <60 mmHg, presence of organ
allografts, corticosteroid dependence, presence
of immunodeficiency disorder, and pregnancy or
lactation.

The study was approved by the Institutional
Review Board of all the participating institutions
(Asan Medical Center: 2010-0883, Dong-A
University Hospital: 11-117, Severance Hospital:
4-2011-0038) and conducted according to
the ethical standards laid down by the 1964
Declaration of Helsinki and its later amendments.
Voluntary written informed consent was obtained
from all study participants.

2. Treatment Protocol

BMI-recombinant IL-2 (BMI-rh-IL-2), a
biosimilar of aldesleukin (Proleukin; Chiron Italia
s.s.], Milan, Italy) with an identical molecular
structure, was used in this study. In the first
week, on treatment days 1-5, patients received a
subcutaneous recombinant human IL-2 (BMI-rh-
IL2, BMIKOREA CO., LTD., Jeju, Korea) loading
dose of 18x10° IU once followed by 2 days of rest.
In the following 3 weeks, on treatment days 1
and 2, patients received a dose of 18x10° IU via
subcutaneous injection at once. Then, on treat-
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ment days 3, 4, and 5, the patients received a dose
of 9x10° IU via subcutaneous injection at once,
followed by 2 days of rest. After treatment for 4
weeks, the patients were given a 1-week rest. The
cycles were repeated every 5 weeks. One cycle
consisted of 4 weeks of treatment followed 1 week
of rest. The treatment schedule was based on
those in previous study.”” Treatment was continued
until progressive disease or unacceptable toxicity
was encountered. If significant toxicity occurred
during treatment, a treatment delay of up to 4
weeks was allowed for the resolution of side
effects between courses. Treatment delay was
defined as not receiving the subsequent treatment
within a week of the previous treatment.

3. Response and Toxicity Assessment

Patients were evaluated for response and pro-
gression each cycle after the end of the treatment
cycle for study termination. The criteria for CR
and PR assessment were based on Response
Evaluation Criteria in Solid Tumors (ver. 1.1)
guidelines. The primary and secondary end points
were ORR and progression-free survival (PES)
time, respectively. Treatment safety was assessed
according to the Common Terminology Criteria
for Adverse Events version 3.0. Patient data such
as age, sex, ECOG performance status, histologic
subtype, prior therapy, location of metastatic sites,
laboratory findings, and PFS were prospectively
collected over a 1-year period according to the
study plan.

4, Statistical Analysis

In the planned analysis, efficacy was evaluated
in the per-protocol (PP) population, and the
intent-to-treat (ITT) population was mainly used
to assess the safety outcome. Categorical variables
are expressed as frequencies and percentages.
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Continuous variables are expressed as the mean
+standard deviation or median (interquartile
range) values. PFS was defined as the period
from the date of the first IL-2 dose to the date of
progression. All survival outcomes were analyzed
using the Kaplan-Meier analysis. All statistical
analyses were performed using IBM SPSS Statistics
ver. 20.0 (IBM Co., Armonk, NY, USA), with a
2-sided p-value of <0.05 indicating statistical
significance.

RESULTS

Between December 2011 and November 2014,
36 patients were screened at the 3 participating
institutions. Of these 36 patients, 26 who met the
inclusion criteria were enrolled in the trial (ITT
population), and 22 patients finally followed the
clinical trial protocol (PP population) (Fig. 1). Four
patients were dropped from the final analysis
because a follow-up test could not be performed.
The clinical characteristics of the 26 patients are
listed in Table 1. Fourteen patients (53.9%) had
previously received target or immunologic agents,
and 1 patient had received radiation therapy for
pain control within 4 weeks of the screening. All
patients were in the favorable or intermediate
risk groups according to the MSKCC prognostic
criteria. The mean time from the diagnosis of
metastatic RCC to IL-2 administration was 20.16+
23.64 months.

Among the 22 patients (PP population), none

| 36 Screening |

| 26 ITT population |

4{ 4 Excluded from efficacy evaluation

| 22 PP population |

Fig. 1. Flow chart showing study subject enrollment. ITT:
intention-to-treat, PP: per-protocol.
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achieved CR, 3 (13.6%) achieved PR, and 17 (77.3%)
achieved stable disease (Table 2). The ORR and
disease control rate (DCR) were 13.6% and 90.9%,
respectively (Table 2). The mean PFS was 5.55
months (95% confidence interval, 2.71-8.4) (Fig.
2). Among the 26 patients (ITT population), the
overall incidence rates of AEs and adverse drug
reactions (ADRs) were 84.6% (n=22) and 76.9%
(n=20), respectively. The incidence rates of severe
AEs and ADRs were 19.2% (n=5) and 3.9% (n=1),
respectively (Table 3). The most common ADRs
were rigors/chills (n=10), and fever (n=8). The

Table 1. Patients’ baseline characteristics

Characteristic ITT (N=26) PP (N=22)
Age (yr), mean+=SD 59.9+8.6 59.9+8.7
Sex
Male 21 (80.8) 17 (77.3)
Female 5(19.2) 5(22.7)
Body weight (kg), median (IQR) 68.2 (60.3-76.7) 68.4 (61.7-76.7)
Diabetes mellitus 6(23.1) 5(22.7)
Hypertension 7 (26.9) 6(27.3)
ECOG performance status
0 19 (73.1) 17 (77.3)
1 7 (26.9) 5(22.7)
Histopathologic finding
Clear cell 22 (84.6) 19 (86.4)
Nonclear cell 4(15.4) 3(13.6)
Metastatic sit (n)
Lung 18 (69.2) 15 (68.2)
Bone 6(23.1) 5(22.7)
Liver 4(15.4) 4(18.2)
Lymph node 7(26.9) 6(27.3)
Others 8(30.8) 0(0)
Treatment setting
First line 12 (46.2) 10 (45.5)
Second line 5(19.2) 4(18.2)
Third line or higher 9 (34.6) 8(36.4)
Prior treatment 14 (53.9) 12 (54.6)
Target agent 14 (100) 12 (100)
Sunitinib 8(57.1) 7(58.3)
Sorafenib 7 (50) 7(58.3)
Axitinib 1(7.1) 0(0)
Everolimus 8(57.1) 7 (58.3)
Interferons 1(7.1) 1(8.3)
Interleukins 1(7.1) 1(8.3)
Previous radiotherapy 1(3.8) 1(4.5)

Values are presented as number (%) unless otherwise indicated.

ITT: intention-to-treat, PP: per-protocol, SD: standard deviation, IQR:
interquartile range, ECOG: Eastern Cooperative Oncology Group Perfor-
mance Status.
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Table 2. Clinical outcomes

Table 3. Adverse drug reaction grade 3 or 4 (ITT population)

Variable ITT PP Variable No. of patients ~ Grade  Treatment relationships

CR 0(0) 0(0) Anemia 1 3 No

PR 3(11.5) 3(13.6) Ascites 1 3 No

SD 21 (80.8) 17 (77.3) Melena 1 3 No

PD 2(7.7) 2(9.1) Cerebral infarction 1 3 No
Objective response rate 3 (1L.5) 3(13.6) Pain - other 1 3 No

Disease control rate 24 (92.3) 20 (90.9) General weakness 1 4 Yes

Total ' . 26 (100) 22 (100) ITT: intention-to-treat.

Progression-free survival 6.7 (3.36-10.02) 5.55(2.71-8.4)

(mo) (95% CI)

Values are presented as number (%) unless otherwise indicated.
ITT: intention-to-treat, PP: per-protocol, CR: complete response, PR: partial
response, SD: stable disease, PD: progressive disease, CI: confidence

interval.
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No. atrisk 21 4 1 1 0

Fig. 2. Kaplan-Meier survival curve of progression-free
survival (PFS) in the per-protocol population.

most common laboratory test abnormality was
increased serum alanine aminotransferase level
(n=4). The most severe ADR was general weakness
(n=1), and the affected patient made a complete
recovery with hospital supportive care. Treatment
delay was not attributable to AEs or ADRs in all
patients.

DISCUSSION

Several studies on IL-2 have provided clinicians
and patients with meaningful outcomes. However,
no prospective randomized controlled study has
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examined the clinical outcomes of IL-2 therapy
in Asian patients. This prospective single-arm
trial was conducted to evaluate the efficacy and
safety of subcutaneous IL-2 monotherapy for the
treatment of metastatic RCC in Koreans. To this
end, the enrolled patients were administered IL-2
regardless of prior therapy. Previous studies of
subcutaneous IL-2 monotherapy reported an ORR
of 10% to 23%.""" We found that the response
rate was comparable to those reported previously
(13.6% vs. 20%; p=0.344)."7""°

In recent studies, the ORR with HDIL-2
treatment has been reported as high as 35%.>% It is
difficult to explain the difference in ORR between
our study and recent ones; however, the difference
may be attributable to several factors such as the
method of treatment administration, the dosage of
treatment, and patient characteristics. In addition,
the mean time to study participation from the
time of diagnosis of metastatic disease was too
long, which influenced the survival outcomes.
Furthermore, the DCR in our study was 90.5% and
consistent with the DCR of 92% in another study
(90.5% vs. 92%; p=0.109).> We believe that DCR
may be a more practical parameter for evaluating
treatment efficacy.”

IL-2 has been administered in several different
ways for a long time. In the early days, patients
treated with HD IL-2 experienced severe AEs such
as hypotension, infection, and thrombocytopenia,
and often required intensive care.'** Hence HD
IL-2 has not been widely used, and it is not
commonly used today as first-line therapy for
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metastatic RCC. Initial reports from the latest
studies suggest that HD IL-2 therapy showed a
relatively higher response rate and toxicities,
while a low-dose continuous and subcutaneous
regimen resulted in a relatively lower response
rate and toxicities."®* On the other hand, because
many HD IL-2 studies have not shown survival
benefits compared to those associated with
alternative regimen studies, low-dose continuous
and subcutaneous regimens are still used in
clinical practice. Therefore, the choice of the
therapeutic IL-2 regimen must be based on the
patient’s conditions.

Many studies have shown differences in the
natural history of metastatic RCC between racial
and ethnic groups.”* Many studies have already
shown significant differences in AEs between
Asian and non-Asian populations.”” However, there
have not been enough studies on the side effects
of IL-2 according to race. Lee et al.> demonstrated
the necessity of modifying the HDIL-2 treatment
schedule in Asian patients because of severe
AEs. The most common AFEs of grade 3 or higher
were anuria (84%), hypotension (81%), and
thrombocytopenia (81%). They suggested that
a long rest between treatment cycles is needed
for Asian patients. However, in this study, there
were no life-threatening treatment-related AEs,
such as hypotension and sepsis. One patient
complained of grade 4 general weakness but fully
recovered after supportive care. Most toxicities
were mild to moderate, and no patient required a
dose reduction owing to AEs. Although this study
population was highly vulnerable to AEs, the
incidence of serious AEs was low. This result may
be attributable to the safety of the subcutaneous
regimen.

Cytokines inhibit tumor cell growth directly
by antiproliferative or proapoptotic activity or
indirectly by stimulating cytotoxic immune cells
against the tumor. There had been high expectations
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of cytokine antitumor activity after the discovery of
cytokines. However, studies on cytokines failed to
show meaningful outcomes. IL-2 had especially
been receiving a lot of attention because it is
a key molecule in the activation of NK cells
and cytotoxic T-lymphocytes.?® However, it
demonstrated only mild clinical benefit and a
high level of toxicities. These limitations are
considered to originate from the short half-life
of most cytokines and the complexities of cell
signal transduction. Therefore, there were several
difficulties in using IL-2 in clinical practice. For
more than a decade, TKIs have been commonly
used to treat metastatic RCC, after the advent of
new antiangiogenic agents. In recent times, ICIs
have come to represent a revolution in cancer
treatment, and immunotherapy is currently
receiving a lot of attention. Cytokines are being
studied in clinical trials, mainly in conjunction
with anti-PD-1 and anti-PD-L1 monoclonal
antibodies. Basically, tumor antigens are
presented by antigen-presenting cells followed
by modulation of T-cell activity by immune
checkpoints on the cell membrane of T cells, the
blockade or stimulation of which consequently
results in increased T-cell activity, a key step
in increasing the antitumor immune response.
Therefore, IL-2 is still important for effective
cancer therapy, and several studies on next-
generation IL-2, with improved pharmacokinetics
and pharmacodynamics, are underway.””*

This study has some limitations. First, this study
was a prospective, single-arm, noncomparative
study was aimed at assessing the objective
tumor response rate, and although the target
sample of 21 participants was met, the sample
was still small to ensure generalizability of the
findings. Therefore, caution is needed when
generalizing the study results. Second, this
study aimed to observe the responses following
drug administration in clinical practice and
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not to compare the therapeutic effects with
those of other agents. Thus, it is important to
note that the therapeutic effects of the study
treatment cannot be objectively compared to
those of other drugs. Third, this study has some
unmeasured confounding factors and potential
biases that could account for the observed asso-
ciations. To reduce potential confoundings, the
overall response was assessed independently
by researchers at each facility and another
independent tumor assessor, and their agreement
was examined. In the final analysis, the results of
the assessment by the researchers at each facility
were included. Fourth, we could not present data
on overall survival and cancer-specific survival,
which limits the acceptance of our findings.

CONCLUSIONS

A subcutaneous IL-2 regimen might be a safe
and effective treatment with respect to tumor
response and survival in Korean patients with
metastatic RCC. Although it is difficult to use
this treatment as the first-line treatment option
for metastatic RCC in the target therapy era, it
is still worth considering for select patients with
metastatic RCC.
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