Received: 8 January 2021

Revised: 16 February 2021

Accepted: 26 February 2021

DOI: 10.1002/ijc.33556

CANCER THERAPY AND PREVENTION

@uicc

Short Report

Pegilodecakin as monotherapy or in combination with anti-
PD-1 or tyrosine kinase inhibitor in heavily pretreated patients
with advanced renal cell carcinoma: Final results of cohorts

A, G, H and | of IVY Phase | study

Nizar M. Tannir! © |

Raid Aljumaily* | Annie Hung® |

Kyriakos P. Papadopoulos? |

Deborah J. Wong® |
Manuel Afable® | Jong Seok Kim®> |

David Ferry® | Alexandra Drakaki® | JohannaBendell” | Aung Naing®

Department of Genitourinary Medical
Oncology, Division of Cancer Medicine, MD
Anderson Cancer Center, Houston, Texas

2START Center for Cancer Care, San Antonio,
Texas

3Department of Medicine, University of
California Los Angeles (UCLA), Los Angeles,
California

4Department of Internal Medicine, Section of
Hematology and Oncology, Stephenson
Cancer Center of the University of Oklahoma
and Sarah Cannon Research Institute,
Oklahoma City, Oklahoma

SEli Lilly and Company, Indianapolis, Indiana

SEli Lilly and Company, New York City,
New York

7Sarah Cannon Research Institute/Tennessee
Oncology, Nashville, Tennessee

Correspondence

Nizar M. Tannir, Department of Genitourinary
Medical Oncology, Division of Cancer
Medicine, MD Anderson Cancer Center, 1155

Pressler Street, Unit 1374 Houston, TX 77030.

Email: ntannir@mdanderson.org

Funding information
Eli Lilly and Company

Abstract

Interleukin (IL)-10 has anti-inflammatory and CD8+ T-cell-stimulating properties.
Pegilodecakin (pegylated recombinant human IL-10) induces intratumoral antigen-
specific CD8 + T-cells and upregulates IFNy and major histocompatibility complexes
(MHC) | and IlI. Pegilodecakin has single-agent activity with manageable toxicity in
advanced renal cell carcinama (aRCC) (data cutoff 24 March 2016). Pegilodecakin
with pembrolizumab or nivolumab revealed clinical activity in aRCC (data cutoff 1 July
2018). Here, we report for the first time the results of pegilodecakin+ pazopanib, and
final results for monotherapy and long-term follow-up with pegilodecakin + anti-
programmed cell death 1 (anti-PD-1) inhibitors (data cutoff 19 February 2019). Phase
1/1b multi-cohort dose escalation IVY study enrolled 353 patients. Sixty-six patients
with aRCC were treated with pegilodecakin alone or with pazopanib or anti-PD-1
inhibitor in cohorts A, G, H and | (data cutoff 19 February 2019). Primary endpoints
included safety and tolerability. Secondary endpoint was tumor response by immune-
related response criteria (irRC). Pegilodecakin plus nivolumab or pembrolizumab
yielded median progression-free survival (mPFS) of 13.9 months and 6-month PFS
probability of 60%, 76% 1-year overall survival (OS) probability and 61% 2-year OS
probability. Pegilodecakin monotherapy produced mPFS of 1.8 months, 6-month PFS
probability 25%, 1-year OS 50%, and 2-year OS 17%. Median OS was not reached in
both combinations. Objective response rates (ORRs) were 33% with pazopanib and
43% with anti-PD-1. Most common Grade 3/4 treatment-related adverse events
included anemia, thrombocytopenia and hypertriglyceridemia. In these heavily

pretreated renal cell carcinama cohorts of VY, pegilodecakin+anti-PD-1 inhibitor

Abbreviations: AE, adverse event; Anti-PD-1, anti-programmed cell death 1; aRCC, advanced renal cell carcinoma; DLT, dose-limiting toxicity; ECOG, Eastern Cooperative Oncology Group;
IL-10, interleukin-10; IMDC, International Metastatic Disease Consortium; irPD, immune-related progressive disease; irRC, immune-related response criteria; mPFS, median progression-free
survival; MTD, maximum tolerated dose; ORR, objective response rate; RCC, renal cell carcinoma; RP2D, recommended Phase 2 dose; TRAE, treatment-related adverse event.
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1 | INTRODUCTION

Since April 2018, the treatment landscape for advanced renal cell car-
cinoma (aRCC) has evolved with the approvals of the dual immune
checkpoint inhibitors, nivolumab and ipilimumab, and the combina-
tions of pembrolizumab plus axitinib and avelumab plus axitinib in the
first-line setting, with more combinations of a PD-1 antibody plus a
vascular endothelial growth factor receptor tyrosine kinase inhibitor
(VEGFR-TKI) expected to be approved in the near future.*? Until
recently, the mainstay therapy for patients with metastatic renal cell
carcinama (RCC) was a first-generation VEGFR-TKI such as sunitinib
or pazopanib followed by nivolumab, cabozantinib, axitinib or the
combination of lenvatinib plus everolimus.>* Despite the progress
made in the developmental therapeutics of RCC, there is a substantial
unmet need to improve the treatment outcomes of patients with
aRCC.5 In this context, the IVY study was designed and conducted
using pegilodecakin as monotherapy, in combination with nivolumab
or pembrolizumab, and in combination with pazopanib.

Pegilodecakin, a recombinant form of human
interleukin-10 (PEG-hIL-10), has demonstrated the ability to induce

CD8 + T-cell-mediated immune activation.®” Phase | study IVY

pegylated

explored the benefit of pegilodecakin either as monotherapy or in com-
bination in patients with advanced solid tumors.2 Patients with meta-
static RCC were included and enrolled in cohorts with pegilodecakin
alone (Cohort A), in combination with anti-programmed cell death
1 (anti-PD-1) inhibitors (pembrolizumab [Cohort H]; nivolumab [Cohort
1) and in combination with pazopanib (Cohort G). Initial results revealed
single-agent activity in the investigated patient population with heavily
pretreated RCC,% and objective responses were observed in the combi-
nation cohorts with anti-PD-1 inhibitors.2 Here, we report the final
results of the RCC cohorts of Phase | study IVY.

2 | MATERIALS AND METHODS

Our study is part of a multi-arm, Phase 1b dose escalation and expan-
sion study (NCT02009449), which enrolled 353 patients in total
(Supplemental Figure 1 depicts all cohorts of IVY). Patients diagnosed
with histologically or cytologically confirmed advanced metastatic RCC
(mRCC; N = 66) were included across three cohorts: cohort A
(pegilodecakin monotherapy; N = 24; provided 2.5 pg/kg [n = 3J;
5 ug/kg [n = 1]; 10 pg/kg [n = 1]; or 20 pg/kg [n = 19]); Cohort G
(pazopanib; N = 4; provided 10 pg/kg); Cohort H (pembrolizumab;
N = 9; provided 10 pg/kg [n = 5] or 20 pg/kg [n = 4]); and Cohort |
(nivolumab; N = 29; provided 20 pg/kg). Patients were >18 years of

showed promising clinical activity. Safety profile of pegilodecakin alone and with anti-

PD-1 inhibitors was consistent as previously reported.

nivolumab, pegilodecakin, pegylated IL-10, pembrolizumab, renal cancer

What's new?

Despite recent progress in the treatment of renal cell cancer
(RCC), there is still an urgent need for treatments that will
further improve the prognosis of patients with advanced
RCC. Pegilodecakin is a promising IL-10 analogue that
induces CD8+T-cell-mediated immune activation. Does a
combination regimen vyield better outcomes in heavily
pretreated RCC patients than pegilodecakin alone? In this
study, the authors found that the most promising clinical
activity was obtained using a combination of pegilodecakin
plus an anti-PD-1 inhibitor. Combination with a tyrosine-
kinase inhibitor of VEGFR was also better than pegilodecakin

monotherapy.

age, had ECOG PS 0 or 1, had >1 measurable lesion per irRC and had
adequate organ function. Patients received study treatment until con-
firmed progressive disease (irPD) but could continue after confirmed
irPD in the absence of clinical deterioration, if the investigator consid-
ered that the patient continued to receive benefit from the treatment.

At baseline, all patients underwent baseline investigations.
Pegilodecakin was self-administered subcutaneously daily. Pegilodecakin
monotherapy dose escalation included 1 to 20 pg/kg, and the dose
expansion phase of the study included 10 to 20 pg/kg in combination
with pembrolizumab (2 mg/kg intravenously [IV] every 3 weeks) or with
pazopanib (800 mg, po QD) and 20-40 pg/kg pegilodecakin with
nivolumab (3 mg/kg IV every 2 weeks). Tumor assessment per irRC
occurred every 8 weeks, following the recommended dosing schedule.
Toxicities were graded and recorded according to National Cancer Insti-
tute (NCI) Common Terminology Criteria for Adverse Events (CTCAE)
Version 4.03 and were monitored until 30 days after last dose of treat-
ment. Primary endpoints of the study included safety and tolerability,
maximal tolerated dose (MTD) and pharmacokinetics (PK). Secondary
endpoints included assessment of tumor response by irRC.

Data were summarized using descriptive statistics, including
means, medians and ranges for continuous variables. Evaluable pop-
ulation was defined as patients who had initiated treatment and had
an adequate baseline tumor assessment and at least one post-
baseline adequate tumor assessment. The ORR was complete
response (CR) + partial response (PR); disease control rate was
CR + PR + stable disease. AEs were evaluated in the safety popula-

tion (all patients who received any study medication). Medical
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Dictionary for Regulatory Activities (MedDRA) Version 22.0 was
used to code and CTCAE 4.03 was used to grade and report AEs.
Overall survival (OS) and PFS estimates were determined using the
Kaplan-Meier method (Kaplan), and SAS software Version 9.4 was

used to perform the analyses.

3 | RESULTS AND DISCUSSION

Data cutoff was 19 February 2019 for the analyses, which included all
patients with advanced pretreated RCC (N = 66) who received
pegilodecakin either as monotherapy (cohort A: n = 24; 1-20 pg/kg SC
daily), with pazopanib (Cohort G: n = 4; pegilodecakin [10 pg/kg SC
daily], pazopanib [800 mg po QD]), or with anti-PD-1 inhibitors
(Cohort H/I: pegilodecakin [10-20 pg/kg SC daily], pembrolizumab
[Cohort H; n = 9; 2 mg/kg IV], nivolumab [Cohort I; n = 29; 3 mg/kg
IV]). Pegilodecakin dosing in these dose expansion cohorts followed
previously established recommended Phase Il dose (RP2D).° The
patients' median age was 62.5 years, and the majority were male with
an initial diagnosis of Stage IV clear cell renal carcinoma (Table 1). Most
patients had an intermediate-risk per International Metastatic Disease
Consortium (IMDC) category (Table 1). Median number of prior thera-
pies ranged between 1.5 and 3, with the majority of patients (43/66;
65%) receiving >2 prior therapies (Supplemental Table 1). Tyrosine
kinase inhibitors such as sunitinib, pazopanib and axitinib were the

TABLE 1 Baseline characteristics
Safety population PEG monotherapy (N = 24)
Age, median, years (range) 61 (22-71)
Sex, n (%)
Male 16 (67)
ECOG PS, n (%)
0 14 (58)
1 10 (42)
TNM stage at initial diagnosis, n (%)°
Stage I/11 7 (29)
Stage lll 5(21)
Stage IV 11 (46)
IMDC risk groups, n (%)
Favorable 2(8)
Intermediate 18(75)
Poor 4(17)
Prior therapy (median) 3
0 1(4)
1 4(17)
2 6 (25)
>3 13 (54)
Clear cell histology 15 (63)

most common prior therapies (Supplemental Table 1). At the time of
data cutoff, the majority (59/66 [89%)]) of patients had discontinued
study treatment. The most common reason for discontinuation was
progressive disease (Cohort A: 15/24 [63%)]; Cohort G: 2/4 [50%];
Cohort H/I: 16/38 [42%)]), clinical deterioration (Cohort A: 5/24 [21%];
Cohort G: 1/4 [25%]; Cohort H/I: 4/38 [11%]) and adverse events
(AEs) (Cohort A: 2/24 [8%)]; Cohort G: [0%]; Cohort H/I: 5/38 [13%)]).

Of the evaluable patients (N = 58), the ORR was 43% (15/35) in
the combination arm with anti-PD-1 inhibitors (15 PRs). ORR in the
pazopanib combination cohort and monotherapy cohort was 33%
(1 of 3) and 20% (4 of 20), respectively. Also, notable tumor reduction
was observed in the anti-PD-1 combination cohorts (Figure 1A,B).
One-year OS probability was 76% with pegilodecakin+anti-PD-1 and
50% in the other cohorts (Figure 1C). Median PFS in Cohorts H and |
was 13.9 months and 1.8 months and 3.7 months for Cohorts A
and G, respectively (Figure 1D).

Toxicity was similar to previously reported with pegilodecakin alone®
or in combination with anti-PD-1 inhibitors.2 The most common Grade
3/4 treatment-related adverse events (TRAEs) included anemia (21/66
[32%)]), thrombocytopenia (10/66 [15%]) and hypertriglyceridemia (9/66
[14%]; Table 2). Serious AEs were observed in 30/66 (45%) patients, with
anemia (4/66 [6.1%)), dyspnea (4/66 [6.1%]), pyrexia (3/66 [4.5%)]) and
pneumonia (3/66 [4.5%]) as the most frequent.

A previous dose-escalation study investigated self-administered
subcutaneous dosing of pegilodecakin (1-40 pg/kg once daily,

PEG+pazopanib (N = 4) PEG+anti-PD-1° (N = 38)

72 (52-76) 66 (32-77)
3(75) 27 (71)
2(50) 12 (32)
2 (50) 26 (68)
0 9 (24)
2(50) 13 (34)
2 (50) 15 (40)
1 (25) 6(16)
1(25) 29 (76)
2 (50) 3(8)
1.5 2

1 (25) 6(16)
1(25) 10 (26)
2 (50) 9 (24)
0 13 (34)
2 (50) 25 (66)

2Anti-PD-1 inhibitors included pembrolizumab and nivolumab. "One patient in monotherapy and anti-PD-1 cohorts had TNM stage classified as “other”.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance Status; n, number of patients in group.
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FIGURE 1 Patient response. A, Waterfall plot depicting change in tumor burden immune-related response criteria (irRC) from pegilodecakin

monotherapy (blue bars), pegilodecakin+pazopanib (red bars) or pegilodecakin+anti-PD-1 (green bars) therapy in patients with renal cell
carcinoma (RCC). The waterfall plot includes 57 of 58 evaluable patients. One patient from the anti-PD-1 cohort had only nonmeasurable lesions
and could not be included in the analysis. “*” symbol indicates patients who had a partial response per tumor response assessment based on irRC.
§ symbol indicates anti-PD-1 inhibitors that include pembrolizumab and nivolumab. Best overall response per irRC is displayed in a table inset for
each cohort. ORR, overall response rate; CR, complete response; DCR, disease control rate; PD, progressive disease; PR, partial response; SD,
stable disease. B, Spider plot depicting change in tumor burden per irRC in pegilodecakin monotherapy (blue), pegilodecakin+anti-PD-1 (green)
and pegilodecakin+pazopanib (red) cohorts in patients with RCC. Median duration of response (nDOR) in months is displayed in table inset for all
cohorts. NR, not reached. C, Kaplan-Meier plot of overall survival for pegilodecakin monotherapy (blue), pegilodecakin+anti-PD-1 (green)and
pegilodecakin+pazopanib (red) in all evaluable patients with RCC. Number of patients at risk over time is displayed below the plot. Table inset
displays 1-year, 2-year and median overall survival probabilities. NR, not reached. D, Kaplan-Meier plot of progression-free survival for
pegilodecakin monotherapy (blue), pegilodecakin+anti-PD-1 (green) and pegilodecakin+pazopanib (red) in all evaluable patients with RCC.
Number of patients at risk over time is displayed below the plot. Table inset displays median PFS (mPFS) and 6-month probability

accounting for weight) in sequential cohorts.® Although a formal maxi-
mum tolerated dose (highest dose <33% of patients experienced dose-
limiting toxicities [DLTs] in the first 28 days of treatment) was not
established, the overall tolerability and efficacy results helped guide
the RP2D used in subsequent dose expansion cohorts. In that study, a
DLT of anemia was observed.®

Here, we report for the first time the final and complete results of all
patients with RCC included in the Phase | study IVY. The extended
follow-up of 7 months provided by this analysis using the final data cutoff
of February 2019 further supported the previously observed results (data
cutoff: July 2018), although the median OS still not reached.® Considering
that the patients that were investigated in IVY were a heavily pretreated
population, the ORR of 43% (15 of 35) with pegilodecakin plus anti-PD-1
inhibitors was promising compared to ORR of 20% in previous results
with anti-PD-1 inhibitors alone in similar patient populations.” In preclini-
cal models, recombinant human IL-10 (rhIL-10) has previously been
shown to extend the life span of CD8+ T-cells and enhance its cytotoxic
activity, helping form our hypothesis that the combination of anti-PD-1
and rhiL-10 could be synergistic and enhance clinical activity.”

The observed toxicity profiles were similar to what were previ-
ously observed with pegilodecakin,®® with anemia and thrombocyto-
penia being the most prevalent AEs. Importantly, the immune-related
toxicity of pegilodecakin with nivolumab in our study was low, with
no observed pruritis or stomatitis and 3% incidence of pneumonitis
and peripheral edema (data not shown). These hematologic AEs may
be explained in part by pegilodecakin's proposed mechanism, which
likely occurs through CD8+ T-cell stimulation as well as reduction of
tumor-promoting inflammation.2® Anemia has been previously
observed in chronic inflammatory disorders, and cytokines such as
IL-10 may be the key players involved in its pathogenesis.!? Also,
thrombocytopenia has previously been observed in correlation with
IL-10 administration.!? In the current study, toxicity presented in a
dose-dependent manner and did not show a notable increase with the
addition of anti-PD1 inhibitors or pazopanib, except for grade >3
thrombocytopenia (8/38 [21%; anti-PD-1 cohort] vs 2/24 [8%; mon-
otherapy cohort]).

The main limitation of our study was the small sample size for

efficacy assessment and lack of a comparator arm. However, these
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TABLE 2 Treatment-related adverse events
PEG PEG PEG+anti-
monotherapy (N = 24) +pazopanib (N = 4) PD-1 (N = 38)

n, (%) Any grade Grade >3  Any grade Grade >3  Any grade Grade > 3
Patients with >1 TRAE 22(92) 14 (58) 4 (100) 4 (100) 37(97) 26 (68)
Anemia 15 (63) 9 (38) 0 0 25 (66) 12 (32)
Thrombocytopenia 9 (38) 2(8) 0 0 18 (47) 8(21)
Neutropenia 0 0 0 0 3(8) 3(8)
Pancreatitis 0 0 1(25) 1(25) 0 0
Fatigue 10 (42) 2(8) 4 (100) 0 15 (40) 1(3)
Platelet count decreased 1(4) 1(4) 1(25) 1(25) 14 (37) 3(8)
Aspartate aminotransferase 2(8) 2(8) 1(25) 1(25) 9 (24) 2 (5)

increased
Alanine aminotransferase 2(8) 2(8) 1(25) 1(25) 6 (16) 1(3)

increased
Lipase increased 1(4) 0 1(25) 1(25) 5(13) 2 (5)
Blood alkaline phosphatase 1(4) 1(4) 1(25) 1(25) 2(5) 0

increased
Amylase increased 1(4) 0 3(8) 3(8)
Hypertriglyceridemia 7 (29) 3(13) 14 (37) 6 (16)
Pruritus 3(13) 0 11 (29) 2(5)

Note: The treatment-related adverse events displayed in the table included only those with an incidence of >5% Grade 3/4/5.
Abbreviations: n, number of patients in group; PEG, pegilodecakin; TRAE, treatment-related adverse event.

final and complete results of the RCC cohorts of IVY point to the clini-
cal activity provided by the administration of pegilodecakin in combi-
nation with the anti-PD-1 inhibitors, pembrolizumab and nivolumab.
Previous exploratory findings with pegilodecakin suggest increased
IFN-y and IL-18 may be critical to achieve clinical benefit in patients
with metastatic RCC, with direct stimulation of memory CD8+ T-cell
proliferation by IL-18.7 Further investigation of pegilodecakin in com-

bination with an anti-PD-1 antibody in RCC is warranted.
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