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Abstract

Purpose: In many cancers, nivolumab in combination with ipilimumab improves response rates
compared to either agent alone, but the combination has not been evaluated in childhood cancer.
We conducted a Phase I/11 trial of nivolumab plus ipilimumab in children and young adults with
recurrent/refractory solid tumors.

Methods: ADVL1412, Part C assessed safety of nivolumab plus ipilimumab at two dose
levels (DL): DL1 1mg/kg of each drug and DL2 3mg/kg nivolumab plus 1mg/kg Ipilimumab.
Part D evaluated response at the recommended phase 2 dose (RP2D) in Ewing sarcoma,
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rhabdomyosarcoma, and osteosarcoma. Part E tested DL3 (1mg/kg nivolumab plus 3mg/kg
Ipilimumab) in Ewing sarcoma and rhabdomyosarcoma. Tumor response was measured using
RECIST v1.1. Pharmacokinetics and PD-L1 expression on archival tissues were assessed.

Results: Fifty-five eligible patients enrolled. Based upon safety, tolerability and similar drug
exposure to the same doses administered in adults, DL2 was defined as the pediatric RP2D.
Among 41 patients treated at the RP2D, 2 patients experienced dose-limiting toxicities during
Cycle 1 and 4 patients experienced toxicities beyond that period. Two patients had clinically
significant sustained partial responses (1 rhabdomyosarcoma, 1 Ewing sarcoma) and 4 had stable
disease. Among 8 patients treated at DL 3, 3 DLTs occurred, all immune related adverse events; no
objective responses were observed.

Conclusion: The RP2D of nivolumab (3mg/kg) plus ipilimumab (1mg/kg) is well-tolerated in
children and young adults with solid tumors and shows some clinical activity. Increased dose of
ipilimumab (3mg/kg) plus nivolumab (1mg/kg) was associated with increased toxicity without
clinical benefit.

Introduction

Relapsed and refractory childhood solid tumors are rarely curable with conventional
cytotoxic regimens-2. Some immunotherapies have shown promise in this setting, such

as dinutuximab administered in combination with cytotoxic therapy in relapsed/refractory
neuroblastoma3. Single agent PD-1 or PD-L1 blockade results in significant clinical
activity in several common solid tumors of adulthood and single agent CTLA4 blockade
mediates durable survival benefit in adults with melanoma®. In contrast, consistent single
agent activity of PD-1 or PD-L1 blockade in cancers arising in children and young adults
has been limited to Hodgkin and non-Hodgkin lymphoma and cancers arising in the context
of biallelic mismatch repair689, Single agent CTLA-4 blockade showed no significant
antitumor activity in a Phase | trial of children with melanoma or other solid tumors10:11,

Combination immune checkpoint inhibition (I1CI), using nivolumab plus ipilimumab to
mediate dual blockade of PD-1 and CTLA-4 respectively, demonstrates enhanced activity
compared to single agent ICI in several adult cancers. In unresectable or metastatic
melanoma, overall survival at 5 years is 52% following nivolumab plus ipilimumab
compared to 44% for nivolumab alone and 26% for ipilimumab alonel213, Evidence
for benefit of nivolumab plus ipilimumab compared to single agent ICI has also been
demonstrated in patients with advanced renal cell cancer, microsatellite high/deficient
mismatch repair (MSI-hi/dMMR) metastatic colorectal cancer!2:14.15 hepatocellular
carcinomal, and non-small cell, EGFR/ALK wild type lung cancer!’-19, Combination
ICI may also provide benefit over PD-1/PD-L1 blockade alone in ovarian cancer, small
cell lung cancer, castration-resistant prostate cancer, esophageal cancer, sarcoma, and
glioblastoma20-29,

Combination ICI regimens are associated with an increased rate and severity of immune
related adverse events compared to PD-1/PD-L1 blockade alone, and these appear to

be related to the dose of ipilimumab administered. The Checkmate 067 and 069 trials,
which tested nivolumab plus ipilimumab in patients with advanced melanoma, led to
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FDA approval of nivolumab 1mg/kg plus ipilimumab 3mg/kg3°. However, toxicity was
significant, and thus Checkmate 511 tested nivolumab 3mg/kg plus ipilimumab 1mg/kg,
which demonstrated an improved toxicity profile and no reduction in clinical benefit 31,
Thus, the optimal dose of combination ICI has not been clearly established for all clinical
settings. Given the paucity of clinical responses in pediatric and young adult patients
receiving single agent ICI, we explored the safety and tolerability of combination ICI at
three dose levels, assessed pharmacokinetics of the combination in children, and assessed
activity at the RP2D in patients with sporadic relapsed/refractory childhood sarcomas
(osteosarcoma, rhabdomyosarcoma, and Ewing sarcoma).

Patient Eligibility

Study participants were required to have adequate organ function, recovered from the
acute toxic effects of all prior anti-cancer therapies, and be = 42 days from autologous
bone marrow transplant, stem cell infusion, or cellular therapy. Patients with known CNS
metastases or CNS tumors were not eligible, nor were patients requiring daily systemic
corticosteroids or those who had received systemic corticosteroids within 7 days prior to
enrollment. If systemic corticosteroids were used to modify immune adverse events related
to prior therapy, at least 14 days must have elapsed since last dose of corticosteroid.

Study Design

ADVL1412 comprised parts A-E; parts A/B, a Phase I/11 study of single agent nivolumab,
were previously reported®. Here we report results of Parts C-E, which undertook Phase I/11
testing of nivolumab plus ipilimumab.

Part C was a dose finding arm with the primary goal to determine the recommended phase

Il dose (RP2D) of nivolumab plus ipilimumab using the schedule described below. Children
(age 1-18 years) with recurrent or refractory solid tumors with measurable or evaluable
disease were eligible. The trial was approved by the National Cancer Institute’s central
institutional review board. Written informed consent and assent were obtained in accordance
with federal and institutional guidelines. The trial was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice guidelines.

Two dose levels (DLs) were tested: DL1 delivered nivolumab 1mg/kg administered
intravenously (1V) over 60 minutes followed by ipilimumab 1mg/kg administered IV over
90 minutes on Day 1 every 21 days for four cycles followed by 28-day cycles of single
agent nivolumab at 3mg/kg IV over 60 minutes every 14 days. If <33% of 6 patients at
DL1 experienced DLT, dose escalation to DL2 occurred, which tested nivolumab 3mg/kg
and ipilimumab 1 mg/kg administered according to the same schedule described above. If
<33% of 6 patients at DL2 experienced a DLT, DL2 was considered safe for testing in

the disease specific cohorts in Part D, and an additional 6 patients were planned to enroll
simultaneously in Part C at DL2 to complete a pharmacokinetic cohort. Part D tested DL2
to identify signals of activity in disease specific expansion cohorts and to generate further
information regarding toxicity of the agents in this population. Eligibility required age 1-30

Clin Cancer Res. Author manuscript; available in PMC 2023 October 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Davis et al.

Page 4

years, and measurable rhabdomyosarcoma (RMS) (Part D1), Ewing sarcoma (ES) (Part D2),
or osteosarcoma (OS) (Part D3). Each disease-specific cohort in Part D was studied using

a Simon optimal two-stage design. For each cohort, 10 response-evaluable patients were
enrolled in stage 1. If there were no responders, then the study concludes that the agent does
not elicit a sufficient response. Otherwise, an additional 10 patients were enrolled in stage

2. If there were less than 3 responders among 20 evaluable patients overall, then the study
concludes that the combination therapy does not elicit a sufficient response.

The therapy combination was not considered of sufficient interest for further evaluation in
a disease category if the true response rate was 5% and of sufficient activity if the true
response rate was 25%. If the combination therapy has a true response rate of 5%, the

rule described above would identify the therapy of sufficient activity for further study with
probability 0.07 (type | error), and the trial will have an expected sample size of 14 with
60% probability of early termination. If nivolumab in combination with ipilimumab had a
true response rate of 25%, the rule described above would identify the therapy of sufficient
activity for further study with probability 0.88 (power).

Based on objective responses in Part D, the protocol was amended to test nivolumab 1mg/kg
and ipilimumab 3mg/kg (Part E) administered according to the schedule described for Parts
C and D in patients aged 1-30 years with measurable rhabdomyosarcoma (RMS) (Part E1)
and Ewing sarcoma (ES) (Part E2). Part E used a similar 10+10 Simon two-stage design as
described above. However, both disease cohorts were combined for assessment of response.

Toxicity Evaluation

Patients were evaluable for toxicity if they received at least one dose of each study drug and
completed toxicity monitoring or experienced a Cycle 1 dose limiting toxicity (DLT). NCI
Common Terminology Criteria for Adverse Events (CTCAE) v5.0 was used for description
and grading of all toxicities. Adverse events (AEs) were deemed unrelated, possibly,
probably, or definitely related to nivolumab and/or ipilimumab by the treating physician
with central confirmation. Review of symptoms, physical examination, and laboratory
assessments were conducted weekly during cycle 1, then prior to each cycle and as clinically
indicated. Disease specific cohorts enrolled in part E were combined for assessment of
toxicity and efficacy, with the rule that if one Cycle 1 DLT was observed in the first 10
patients, the dose would be deemed too toxic for further testing.

Definition of Dose Limiting Toxicity (DLT)

Hematological dose limiting toxicity (DLT) was defined as Grade 4 thrombocytopenia or
neutropenia lasting greater than five days. Non-hematological DLT included grade 2 fever
that did not resolve to grade < 1 within 7 days, uveitis, eye pain, or blurred vision that

did not respond to topical therapy and did not improve to grade 1 prior to next scheduled
dose, or any grade 2 toxicity requiring systemic immunosuppressive therapy, including
autoimmunity of the lung, heart, kidney, bowel, CNS, pituitary or eye, with the specific
exclusion of grade 2 reversible pleural effusion. Other grade 2 toxicities designated as DLTs
included adrenal insufficiency, endocrine toxicity requiring hormone replacement, with

the exception of grade 2 hypothyroidism, thyroiditis and thyroid dysfunction adequately
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managed with thyroid hormone replacement. Grade 2 colitis or grade 2 diarrhea of any
duration was considered a DLT. Any grade 3 or grade 4 non-hematological toxicity
attributable to protocol therapy was considered a DLT with the specific exclusion of: grade 3
rash, oral lesions, or hepatic transaminase elevation (ALT/AST/GGT) that returned to levels
meeting protocol eligibility criteria or baseline within 7 days and did not require systemic
immunosuppression, grade 3 or 4 serum electrolyte or mineral abnormalities responsive to
supplementation, grade 3 or 4 amylase or lipase abnormalities that were not associated with
diabetes mellitus, liver or gallbladder inflammation, or clinical manifestations of pancreatitis
that resolved to grade < 2 within 7 days, grade 3 fatigue that resolved to grade < 2 within 7
days, grade 3 creatinine increased that resolved to Grade < 1 or baseline within 7 days.

Response Assessment

Radiographic disease assessments were obtained after Cycles 2 and 4, then after every third
Cycle. Patients with measurable disease at baseline were evaluable for objective response
if they received at least one dose of study drug and had a disease re-evaluation performed
or clinical progression of disease was documented by the treating physician. Response was
evaluated using revised Response Evaluation Criteria in Solid Tumors (RECIST) v1.1. Due
to the possibility of pseudoprogression, patients who experienced tumor growth greater
than 20% but less than 40% were allowed to remain on study for up to 12 weeks with

more frequent disease monitoring, if the patient showed no rapid disease progression or
deterioration in performance status, had not experienced a DLT and/or was otherwise
demonstrating clinical benefit. Central review was required for all objective responses.

Tumor Analyses

PD-L1 expression was assessed by immunohistochemistry (IHC) on tumor tissue obtained at
the time of initial diagnosis or subsequent biopsy. Tumor PD-L1 expression was evaluated
centrally using the Dako PD-L1 IHC 28-8 pharmDx assay (Agilent, Santa Clara, CA) in
formalin-fixed, paraffin-embedded (FFPE) tumor samples32. Briefly, following incubation
with the primary monoclonal antibody to PD-L1 (clone 28-8) or the Negative Control
Reagent, specimens were incubated with an anti-rabbit linker antibody followed by a
horseradish peroxidase visualization reagent. Control slides containing two formalin-fixed,
paraffin-embedded human cell lines known to express PD-1 were included. Results were
interpreted using a light microscope. The percentage of tumor cells demonstrating plasma
membrane PD-L1 staining at 0, 1+, 2+ or 3+ intensity was quantified in a minimum of

100 evaluable tumor cells. The presence of tumor associated immune cells was assessed

by visual inspection by pathologist review. PD-L1 membrane staining on associated
lymphocytes or macrophages was assessed qualitatively. Tissue for 2 patients treated in Part
D was inevaluable for PD-L1 staining and for one patient from Part C, 2 separate specimens
obtained from the same timepoint at diagnosis were tested.

Pharmacokinetics

Blood samples were collected for pharmacokinetic studies prior to the nivolumab infusion
and at the end of the ipilimumab infusion (EOI) on Day 1 of Cycles 1-4. Blood samples
(2 ml of whole blood) were collected into 2 mL red top serum separator tubes (SST).
Samples were allowed to clot for 30—45 minutes and then centrifuged at room temperature

Clin Cancer Res. Author manuscript; available in PMC 2023 October 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Davis et al.

Page 6

for 15 minutes at 1100-1300 x g until clot and serum are well separated. Supernatant
serum was transferred into separate tubes and stored at —20°C or —70°C until shipment to
the laboratory. Serum samples were analyzed to determine nivolumab and/ or ipilimumab
concentration using a validated immunoassay by Pharmaceutical Product Development,
LLC, Richmond, VA.

Data Availability

Results

Patients

Data generated in this study are available upon request from the corresponding author.

Enrollment was initiated in February 2015 and data cut off for analysis was September 30,
2020. Patient characteristics are shown in Table 1. Fifty-five eligible patients were enrolled
on study and 53 were evaluable for dose limiting toxicity. One patient on part C was not
evaluable for DLT due to not having all required evaluations performed and one patient on
part D was not evaluable for DLT as this patient did not complete one dose of study drugs;
all patients were evaluable for response. As of the data cut-off date, no patient remained on
protocol therapy. Eighteen patients enrolled on Part C of whom 6 received DL1. A total of
41 patients received DL2, (n=12 on Part C and n=29 on Part D) and 8 patients received DL3
on Part E. Patients received a median of 2 cycles with a total of 147 patient-cycles delivered
on study. Overall, among 55 enrolled patients, there were 51 patient-courses in Part C, 82
patient-courses in Part D and 14 patient-courses in Part E.

Safety and Tolerability

Figure 1 shows all Grade 2 or higher toxicities possibly, probably, or definitely attributable
to therapy over time (this data also shown in Supplementary Table 1). Of 53 patients who
were evaluable for toxicity, 52 (98%) experienced at least one treatment related adverse
event (Supplementary Table 2). Like single-agent nivolumab or ipilimumab, immune-related
adverse events (irAE) related to the gastrointestinal system were common, including
elevations in ALT, AST, and lipase, nausea, and anorexia. Hematologic toxicities were
common with anemia, thrombocytopenia, decreased white blood cell count, including
lymphocytes and neutrophils frequently reported. Pleural (n=7) and pericardial (n=2)
effusions were observed.

Seventeen patients in Part C were evaluable for toxicity and only one Cycle 1 DLT was
observed in a patient treated at DL2 who experienced a grade 3 creatinine increase. Two
additional DLTs occurred beyond Cycle 1 in Part C: a grade 4 increased lipase and a grade 3
alanine aminotransferase elevation (Table 2). Twenty-eight patients enrolled on Part D were
evaluable for DLT (97%) and one patient experienced a Cycle 1 DLT, a grade 4 pleural
effusion. DLTs beyond Day 28 in Part D were observed in 4 patients with all experiencing
more than one DLT (Table 2), all of which were gastrointestinal immune related adverse
events. Among 8 patients evaluable for DLT in Part E, one patient experienced a Cycle

1 DLT comprising grade 4 rash and grade 4 fever, which triggered the stopping rule for

DL3 and closed Part E to further enrollment. Two additional subjects on Part E experienced
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cycle 2 DLTs that were immune-related AEs (irAE; Grade 4 diarrhea, elevated AST/ALT,
hyperthyroidism) (Table 2). Together, the data suggest that early toxicity (cycle 1) was mild,
but additional higher grade irAEs were observed in subsequent cycles, suggesting increased
toxicities with longer duration of exposure to these agents (Figure 1; Supplemental Table 1.).

Pharmacokinetics

Response

Peak and trough concentration data were available for 48 patients treated with four

cycles of nivolumab and ipilimumab in Parts C, D, and E (Supplementary Figure 1 and
Supplementary Table 3). A dose proportional increase in peak and trough concentration was
observed for both nivolumab and ipilimumab when dose was increased from 1 mg/kg to

3 mg/kg. For nivolumab (3mg/kg), the mean trough concentration was maintained above

10 pg/ml through 4 cycles of treatment in combination with ipilimumab. A mean trough
concentration of 17.0+£7.9 ug/ml nivolumab (range, 4.8-48.6 ug/ml) was reached after the
first 3 mg/kg dose and increased to 32.8+12.6 pg/ml (range, 13.9-54.1 pg/ml) after the third
dose. A mean trough concentration of 3.9£1.4 mg/ml (n=32) ipilumumab was reached after
the first 1 mg/kg dose of ipilimumab (n = 32). The trough concentration increased to 6.0+2.3
ug/ml after the second dose (n = 12) and 7.7+£3.7 mg/ml after the third dose (n = 9).

Response data for all patients are summarized in Figure 2. None of the expansion cohorts
studied here met response criteria to proceed to expansion. Two confirmed partial responses
as best overall response (BOR) occurred in Part D. A 25-year-old male with alveolar
rhabdomyosarcoma, confirmed to have a partial response after the second cycle (Figure
3A), remained on study therapy for twelve cycles, eventually discontinuing due to Grade 3
amylase elevation and grade 4 lipase elevation. An 18-year-old female with Ewing sarcoma
(Figure 3B), also with a confirmed partial response after cycle 2, discontinued protocol
therapy after cycle 4 due to gastrointestinal irAEs with grade 3 gastritis, duodenitis, nausea
and elevated AST. As of the 36-month follow-up (beyond the data cutoff), both patients
were alive without disease progression. In addition, four patients had a BOR of stable
disease; two patients with rhabdomyosarcoma, one patient with myofibroblastic tumor and
one patient with nasopharyngeal carcinoma experienced centrally-reviewed stable disease.
These patients continued protocol therapy for a median of 5.7 months (4.5-7.8 months)
prior to discontinuing therapy due to progressive disease. There was no activity observed in
the osteosarcoma cohort in Part D. In Part E, there were no objective responses in patients
with rhabdomyosarcoma (n=3) or Ewing sarcoma (n=4) treated with the higher dose of
ipilimumab.

Correlative studies: PD-L1 expression—Biomarkers prognostic of response to
checkpoint inhibitors have been proposed to include tumor and tumor-associated immune
cell expression of PD-L1, the ligand for PD-133:34, Of the 53 patients, 49 patients had
archival tumor tissue available for immunohistochemical evaluation of PD-L1 and evaluation
of tumor-associated immune cells. The majority of the samples evaluated were obtained at
diagnosis. Only 7(14%) specimens demonstrated any staining for PD-L1 which ranged from
3%-100% of positive tumor cells (Table 3). These patients and their BOR are summarized
in Table 3. The Ewing sarcoma patient from Part D who had a PR demonstrated 4% of
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tumor cells PD-L1+ (3% 1+, 1% 2+) (Figure 3C). The remaining tumor specimens evaluated
for PD-L1 expression were negative. One notable negative specimen was from the patient
with rhabdomyosarcoma who had a partial response.

Thirty-six of the evaluable samples demonstrated tumor associated immune cells. These
immune cells were evaluated for PD-L1 expression and categorized as lymphocytes,
macrophages, or neither. Eighteen specimens demonstrated PD-L1+ immune cells that
were neither lymphocytes nor macrophages, 5 demonstrated only PD-L1+ macrophages,
7 demonstrated only PD-L1+ lymphocytes, and 12 demonstrated both. Of the twelve
that demonstrated both PD-L1+ lymphocytes and macrophages, all except one were
predominantly macrophages. Overall, there did not appear to be any clear relationship
between expression of PD-L1 and clinical response or toxicity in these patients.

Discussion

In this pediatric phase I/11 trial, we identified 3mg/kg nivolumab and 1mg/kg ipilimumab
administered every 21 days for four cycles followed by 3mg/kg nivolumab every 14 days for
subsequent cycles as the RP2D of nivolumab plus ipilimumab in children and young adults
with relapsed or refractory solid tumors. Mean trough concentrations of nivolumab were
maintained above the 10 pg/ml target concentration for the 3 mg/kg dose in the single agent
study®. Mean trough concentrations of ipilimumab (1mg/kg) were maintained above the 6
ug/ml concentration that was found to maximally inhibit CTLA-4 binding to its CD80 and
CD86 ligands with the 1 mg/kg dose®. Similar to data in adults with cancer demonstrating
increased toxicity with nivolumab plus ipilimumab compared to treatment with nivolumab
alone, we observed that 15% of patients experienced a DLT with nivolumab plus ipilimumab
regimens studied compared to 6.7% with single agent nivolumab®. As with single agent
nivolumab, most toxicities were grade 2 or less and did not preclude continued therapy with
the combination; grade 3 or 4 adverse events attributable to therapy occurred in 38% of
patients, and 38% at the RP2D.

The most common AEs were similar to those observed with single agent nivolumab

with fatigue being the most commonly reported toxicity. Hematologic toxicities were not
prominent in studies of nivolumab and ipilimumab in adults, but we observed significant
rates of hematologic AEs on this study, similar to that previously reported with single
agent nivolumab®. It is not clear if the hematologic toxicity observed here was directly
attributable to the combination ICI regimen or reflective of the heavily pretreated nature

of this patient population. Gastrointestinal toxicities were prominent non-hematologic AEs
with transaminitis, nausea, and anorexia commonly reported (Table 2). In contrast to the
CheckMate-511 trial where more than a quarter of patients experienced diarrhea with the
Nivolumab 3mg/Ipilumumab 1 mg/kg dose regimen, we observed diarrhea in only 4 patients
and none more than Grade 2. This difference may be attributable to the relative fewer
doses of the combination received in our cohort where patients received a median of 2
cycles of therapy compared to 4 cycles in CheckMate-51131. We also observed pleural
effusions in 7 patients, 6 of whom had thoracic involvement of their tumor suggestive of
local inflammation in response to the ICI, similar to the high rate of pleural effusions we
previously reported with single agent nivolumab?®.
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We observed a trend toward cumulative irAEs including colitis, gastritis, duodenitis,
pancreatitis, and thyroid disorders as patients received subsequent cycles of therapy. This
is consistent with irAEs reported in adults treated with this combination27-36-38_Fuyrther,
individual patients developed multiple irAEs when treatment was continued for additional
cycles.

Based upon evidence in the adult literature for improved response rates with increasing
doses of ipilimumab in this combination, we sought to determine whether increasing

the dose of ipilimumab (Part E), would improve clinical efficacy in patients with
rhabdomyosarcoma or Ewing sarcoma. We did not observe clinical responses to this
combination in the 8 patients enrolled in this cohort, although evaluation was limited by
toxicity as 37.5% of patients (3 of 8) experienced a DLT. One DLT occurred during cycle
1, which triggered our toxicity stopping rule and additional DLTs occurred in Cycle 2. The
DLTs were classic immune related AEs (Table 2) that precluded continued evaluation of
this combination with the increased dose of ipilimumab. The increased incidence of irAEs
observed with the higher dose of ipilimumab was consistent with the reported pediatric and
young adult experience with single agent ipilimumab where toxicity was directly correlated
with increasing ipilimumab dose?.

Two patients experienced a partial response after treatment with combination nivolumab
and ipilimumab which was maintained for 36 months even after discontinuation of study
treatment and four additional patients experienced stable disease for a median of 5.6 months.
Both patients experiencing PRs discontinued protocol therapy due to the development of
irAEs which supports the concept that development of irAEs is correlated with response
with ipilimumab. Despite the relatively large size of this Phase I/11 study of relapsed
childhood tumors, the evaluation of combination ipilimumab and nivolumab was limited

to patients with common childhood sarcomas and thus, how this drug combination performs
in other histologies of childhood cancer is not addressed. We observed stable disease in

one patient with nasopharyngeal carcinoma and one patient with myofibroblastic tumor,
suggesting potential utility of nivolumab and ipilimumab in these patients. Further, we had
limited enrollment of very young children.

The overall objective response rate on this study was low. Childhood tumors are considered
immunologically ‘cold tumors’ with few infiltrating immune cells and low neoantigen
burden precluding robust response to immune checkpoint therapies 3940, Prior studies have
demonstrated a paucity of PD-L1 expression on childhood sarcomas (osteosarcoma, Ewing
sarcoma and rhabdomyosarcoma) consistent with what we observed in this study3941, We
were unable to evaluate the role of tumor neoantigen burden in this study, however other
studies in pediatric patients are systematically addressing this question (NCT04500548).

Pre-treatment biopsies and additional correlative studies would aid discovery of biomarkers
of response in these young patients. PD-L1 was demonstrated on a minority of tumor

cells in one patient who had a response while another patient with Ewing sarcoma with
demonstrable PD-L1 staining of tumor cells had no clinical response. The responding
patient had lymphocytes infiltrating the tumor whereas the non-responding patient had
both lymphocytes and macrophages. This raises the question regarding the role of tumor-
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infiltrating macrophages in creating an immune suppressive tumor microenvironment#2:43,
Correlative PD-L1 IHC was largely performed on specimens from diagnosis, therefore, the
expression of PD-L1 at time of immune checkpoint therapy is not known.

Based upon safety, tolerability, and equivalent pharmacokinetics in adults, we defined
nivolumab 3 mg/kg plus ipilimumab 1mg/kg as the RP2D in children. Among 41 patients
treated at the RP2D, two patients experienced partial responses and four experienced stable
disease. Immune related AEs were common but tolerable overall. Similar to increased
toxicity observed in adults when higher doses of ipilimumab are administered in the
combination regimen, we observed increased irAEs with a regimen employing nivolumab 1
mg/kg plus ipilimumab 3 mg/kg and no improved efficacy.

Despite limited response to immune checkpoint combination in the common sarcoma
histologies studied here, durable partial responses were observed in two patients.

While not meeting criteria for further enroliment in this study, these responses are
clinically meaningful since both patients remain alive at last follow up. Given that the
combination is well-tolerated, further study of this combination is warranted in Ewing and
rhabdomyosarcoma patients alongside correlative studies including pre- and post-treatment
biopsy and tumor mutational burden assessment to identify biologic determinants of
response and guide how to integrate these agents into therapy for patients likely to
demonstrate response.
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Statement of Translational Relevance

This report details, to our knowledge, the first systematic assessment of the safety and
pharmacokinetics of dual immune checkpoint inhibition with ipilimumab and nivolumab
in pediatric, adolescent, and young adult patients with relapsed or refractory sarcoma.
We establish a recommended phase 2 dose and found the combination to be generally
well tolerated. In expanded Phase 2 cohorts, we observed two sustained partial responses.
We further demonstrate that increased ipilimumab dosing (3mg/kg) in combination with
nivolumab (1mg/kg) carries higher toxicity without clinical benefit in this population.
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Respiratory, thoracic, and mediastinal disorders

Musculoskeletal and CT disorders

Adverse events at least possibly attributable to nivolumab in combination with ipilimumab (Grades 2 2 only)
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Figurel.

Adverse Events attributable to study agents over time grouped by CTCAE v5.0 organ

system. Color indicates AE grade and circle size indicates number of patients.
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Figure 2.

Swimmers plot of response based on dosing cohort and diagnosis across all evaluable
patients. Each bar represents the time in months from study enrollment until the end of the

last reporting period.
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Figure 3.
Partial responses in two patients in cohort D (nivolumab 3mg/kg plus ipilimumab 1mg/kg.

A) Partial response in rhabdomyosarcoma after 4™ cycle B) Partial response in Ewing
sarcoma after 3" cycle. C) Immunohistochemistry demonstrates infrequent PD-L1+ cells in
Ewing sarcoma tumor tissue from diagnosis.
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Demographics and diagnoses of patients treated on study.

Table 1.

Demographics

Part C

Part D

Part E

Total

Number (%)

Number (%)

Number (%)

Number (%)

N=18 N=29 N=8 N=55
Age (years)
Median 14 17 19 15
Range 4-17 5-27 11-28 4-28
Sex
Male 10 (56) 21(72) 3(38) 34 (62)
Female 8 (44) 8(28) 5(62) 21(38)
Race
White 11 (61) 23(79) 8 (100) 42 (76)
Asian 2(11) 0(0) 0(0) 2(4)
American Indian or Alaska Native 1(6) 0(0) 0(0) 1(2)
Black or African American 2(11) 2(7) 0 (0) 4(7)
Unknown 2(11) 4 (14) 0 (0) 6 (11)
Ethnicity
Non-Hispanic 15 (83) 22 (76) 5 (62) 42 (76)
Hispanic 3(17) 5(17) 1(13) 9 (16)
Unknown 0 (0) 2(7) 2 (25) 4(7)
Prior Therapy
Chemotherapy Regimens
Median 25 3 25 3
Range 1-8 1-7 1-5 1-8
Radiation Therapy Cycles
Median 2 1 1 1
Range 1-4 1-3 1-2 1-4
Diagnosis
Adrenal cortical adenoma, NOS 1(5.6) 1(1.8)
Alveolar rhabdomyosarcoma 5(17.2) 2 (25) 7(12.7)
Carcinoma, NOS 1(5.6) 1(1.8)
Desmoplastic small round cell tumor | 2 (11.1) 2(3.6)
Embryonal rhabdomyosarcoma, NOS 2(6.9) 2 (25) 4(7.3)
Ewing sarcoma 2(11.1) 9 (31) 3(37.5) 14 (25.5)
Hepatoblastoma 1(5.6) 1(1.8)
Myofibroblastic tumor, NOS 1(5.6) 1(1.8)
Myxoid liposarcoma 1(5.6) 1(1.8)
Nephroblastoma, NOS 2(11.1) 2(3.6)
Neuroblastoma, NOS 1(5.6) 1(1.8)
Osteosarcoma, NOS 3(16.7) 10 (34.5) 13 (23.6)
Renal cell carcinoma, NOS 1(5.6) 1(1.8)
Rhabdomyosarcoma, NOS 2 (6.9) 1(12.5) 3(5.5)
Spindle cell rhabdomyosarcoma 1(3.4) 1(1.8)
Synovial sarcoma, NOS 1(5.6) 1(1.8)
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Demographics

Part C

Part D

Part E

Total

Number (%)

Number (%)

Number (%)

Number (%)

N=18

N=29

N=8

N=55

Yolk sac tumor

1(5.6)

1(1.8)
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Table 2.

Page 20

Dose Limiting Toxicities (DLT) of nivolumab plus ipilimumab reported per dosing cohort and subject across
all cycles. Each row indicates an individual subject.

Cycle Adverse Event Grade
1 Creatinine increased (DL2) 2
Part C . -
Nz=17 2 Lipase increased (DL2) 3
5 ALT increased (DL1) 2
4 AST increased, gastritis, duodenitis, hypertension, nausea, hemoglobin increased 3
3 AST & ALT increased 3
Lipase increased 4
Part 14
D amylase increased 3
N=28
ALT, AST, lipase, and GGT increased 4
Follow-Up Period (100-day)
weight loss, pancreatitis, nausea, anorexia 3
1 Pleural effusion 3
2 ALT, AST increased, hyperthyroidism 3
Part E :
N=8 2 Diarrhea 3
1 Fever, maculopapular rash 3
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Table 3.

Page 21

PD-L1 immunohistochemistry staining intensity and best overall response. Seven of 49 tumors demonstrated
PD-L1 staining on tumor cells by immunohistochemistry. SD = stable disease, NR = no response, PR = partial

response.
Histology PD-L 1+ tumor cells (%)  Stainingintensity (% cells) Response
+3 +2 +1 0
Nasopharyngeal carcinoma 100 95 5 0 0 SD
Myofibroblastic tumor 4 2 2 0 96 SD
Hepatoblastoma 3 1 1 1 97 NR
Renal cell carcinoma 97 2 20 75 3 NR
Ewing sarcoma 25 0 0 25 75 NR
Ewing sarcoma 4 0 1 3 96 PR
Alveolar RMS 3 0 2 1 97 NR
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