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Abstract

Diffuse intrinsic pontine glioma (DIPG) is an incurable disease with a median overall survival of 10 months. Immune modu-
lating antibodies have recently emerged as a highly promising treatment modality in multiple cancer types. We present results
from the first study to evaluate the immune modulating antibody MDV9300 (pidilizumab) in pediatric patients with DIPG.
All patients aged 3 years and older, diagnosed with DIPG between February 2014 and June 2015 in Israel, were offered to
participate in the study. Enrolled patients were started on biweekly 6 mg/kg MDV9300 after radiation completion. Treatment
was continued until disease progression on imaging. Patients were followed biweekly for the occurrence of neurological
deficit toxicities and side effects. Secondary endpoints were event free survival and overall survival. Of 13 children diag-
nosed with DIPG during the study period, nine were enrolled in the study. The patients underwent radiotherapy and none
had chemotherapy. A total of 83 cycles of MDV9300 (range 2—-16) were applied. The main side effects were neutropenia
(CTCAE grade 1-3), mild to moderate fatigue, and acute elevation of blood pressure. Four patients died within 1 year of
the diagnosis, another three died within 2 years and two children are still alive nearly 30 months from diagnosis, with stable
disease. The median event free survival is 9.3 months (range 6.8—24) and the median overall survival is 15.6 months (range
6.9-28). Preliminary results demonstrate that MDV9300 treatment is safe and may be effective in the treatment of children
with DIPG.
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lethal pediatric malignant tumors. The only proven effec-
tive therapy for this disease is radiation. Unfortunately, this
modality is palliative and almost all patients succumb to
their disease within 10—12 months from diagnosis. Mul-
tiple chemotherapy regimens, tyrosine kinase inhibitors,
and radiation techniques have shown no impact on overall
or event free survival [1-4]. As molecular genetic data on
DIPG await translation to clinical practice, new treatment
modalities are urgently needed [5].

Several studies showed involvement of the immune
system in high grade glial tumors. Yang et al. compared
immune infiltrate between patients with WHO I and WHO
IV gliomas. Glioblastomas exhibited significantly higher
perivascular (CD8) T cell infiltration than pilocytic astro-
cytomas (62 vs. 29%, p=0.0005). Perivascular (49%) and
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intratumoral (89%; p=0.004) CD56-positive cells were
more commonly associated with glioblastoma [1]. Elevated
CD3+ and CD8+ tumor-infiltrating immune cells were
shown to correlate with prolonged survival in glioblastoma
patients [6]. Despite the presence of immune cells within
the tumor, high grade gliomas evade tumor detection and
immune killing through multiple mechanisms. These mecha-
nisms include PD1 activation through PDL1 [5], induction
of B7-H1 receptor (PDL1 receptor) expression on tumor
associated macrophages [7], inhibition of expression of
CDA40 ligand and FAS ligand on tumor infiltrating T cells,
and downregulation of CD 40, 80, and 86 on antigen pre-
senting cells [6].

Studies evaluating the efficacy of immune modulat-
ing therapies in animal models of high grade glioma, have
shown promising results. Fifteen of 38 (40%) mice treated
with anti-PD1 antibodies and radiation [8] or indoleamine-
2,3-dioxygenase inhibition (IDO) combined with anti-
CTLA4 and anti-PD1/PDL1 antibodies [9] were long term
survivors.

MDV9300 (pidilizumab) is an immune modulating
humanised IgG1 monoclonal antibody. Pidilizumab was
originally thought to bind to the programmed cell death
1 (PD-1) molecule, but this is currently uncertain. Yet,
this monoclonal antibody seems to enhance endogenous
antitumor immune responses [10]. In adults, pidilizumab
showed clinical activity in hematologic malignancies. Tumor
response was associated with elevation of the rates of CD4
tumor infiltrating T cells [10, 11] and CD4/CDS central
memory cells. To date, no study regarding the safety and
efficacy of MDV9300 treatment in children was reported in
the English literature.

We present our preliminary results regarding toxicity and
efficacy of MDV9300 (pidilizumab) in pediatric patients
with DIPG.

Methods

This national prospective study involved all pediatric neuro-
oncology centers in Israel. The study (clinicaltrials.gov ID
NCT01952769) was approved by the Israel Ministry of
Health and by the IRB committees of each participating
center; and was performed in accordance with the ethical
standards as outlined in the 1964 Declaration of Helsinki
and its later amendments.

Children aged 3 years and older, diagnosed with DIPG
between February 2014 and June 2015, were offered to par-
ticipate in the study. DIPG diagnosis was based on all the
following: (a) symptoms starting less than 6 weeks prior
to diagnosis. (b) Symptoms that include one or more of
the following: cranial nerve deficit, cerebellar dysfunction,
or long tract dysfunction, and (c) MRI revealing a lesion
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infiltrating > 50% of the pons [12], The MRI findings were
confirmed by two senior radiologists. Patients were eligible
to enrol regardless of clinical status or response to radiation.

Following diagnosis, patients were referred for standard
tumor bed irradiation, and symptomatic patients were started
on steroids until stabilization. Enrolment in the study was
allowed at least two weeks following radiation completion.
The maximal daily dexamethasone dose allowed by the
study was 2 mg/m>.

Trial design and statistics

Each treatment cycle consisted of 2 weeks, and started
with intravenous administration of 6 mg/kg of MDV9300.
Drug dose was based on prior data from adult studies,
which showed a good toxicity profile of MDV9300 when
given at the therapeutic dose [13, 14]. Accrual of patients
in groups of three was planned. Accrual of a subsequent
group of three was allowed if no dose-limiting toxicities
(DLTs) were observed within 14 days of treatment. Dose
reduction of 25% was planned if a DLT would occur in 1 of
3 patients. All patients were followed for the occurrence of
toxicities by means of biweekly evaluations that included
routine physical examinations, Karnofsky Performance
Status evaluation, blood count, and assessments of electro-
lytes and liver function. ECG, TSH, T3, and T4 levels were
assessed every 12 weeks. Adverse events were graded using
the National Cancer Institute (Rockville, MD, USA) Com-
mon Terminology Criteria for AE Version 4.3 (NCICTC-AE
4.3). Secondary endpoints were event free survival (EFS)
and overall survival (OS), calculated from the date of diag-
nosis. Kaplan—-Meier methodology was used to estimate
time-to-event outcomes.

Results

Thirteen children, aged 3—18 years, were diagnosed with
DIPG in Israel during the study period. Of them, 9 were
enrolled in the present study. Four children were not
enrolled due to parents’ preference. Patient characteris-
tics are presented in Table 1. The median age at diagnosis
was 6.5 years (range 3—-19 years). The Karnofsky score at
diagnosis ranged from 40 to 100. At the end of the radia-
tion therapy, one patient improved his Karnofsky score
to 70 (patient #7), the others had the same score before
and after the radiotherapy. One patient (#3) underwent a
biopsy of a tumor with an exophytic component. Pathol-
ogy was consistent with glioblastoma multiforme. PD-1
analysis was not done on the specimen since the biopsy
was taken before the patient was enrolled in the study.
All patients were treated with standard tumor bed irradia-
tion of 54 Gray. The median time between diagnosis and
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Table 1 Clinical data of nine children with DIPG

Current status

Post

Post relapse therapy

OS (Mo) Reason for withdrawal

Time to progres-

Time to treatment

Response
to radia-

tion

Age (years) Kar-

relapse

from study

initiation (months) sion (months from

nofsky
score

radiation

Dx)

6.9 Parents’ decision after 2 None None Dead

4.2

PR

50

15.8

cycles

Dead

None Yes

Progression

8.9

5.8
6.9

PR
SD
PD
PR
PR

100

3.0
7.1

Dead

None

None

Progression

8.7

50
100

Dead

None

None

Progression

11.7
1
1

10

4.8

9.2
5.5
6.5

Dead

Chemotherapy vinorelbine Yes

Progression

9.4
6.4

9.33
7.1

2.5

90
100

Dead

Yes

Immunotherapy pembroli-

Progression

2.5

zumab

Alive, 28 months after Dx
Treated, 18 months after

None

None

Stable after PR

PR

28

PD
PR

40
100

10
18

None

None

18

DxT
Dead

None

None

Progression

18 24.5

6.5

SD

80

18

Dx diagnosis, PR partial response, SD single dose, OS overall survival

Table 2 Side effects of treatment

No. of cycles with
an event

CTCAE grade

|
\S]

Fatigue

Nausea

Headache

Vomiting

Loss of appetite

Fever

Rash
Diarrhea/constipation
Abnormal liver enzymes
Creatinine levels
Elevated blood pressure

[SSIENON)

Neutropenia

Lymphopenia
Thrombocytopenia
ECG

TSH
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trial start day was 4 months (range 2—8 months). The time
frame from the end of the radiotherapy to the initiation of
treatment was dependent on the referral time and on the
time to obtain parental consent Patients’ current status and
follow up data are summarized in Table 1.

A total of 83 cycles of MDV9300 (range 2-16) were
applied. Mild to moderate fatigue was reported by the
patients following 7 (8.5%) of 83 cycles. Ten cycles (12%)
were followed by neutropenia (CTCAA grade 1-3) and 2
were followed by mild lymphopenia. No patient was diag-
nosed with neutropenia of less than 500 cells/mm?® and no
patient had a positive blood culture or a hospital admission
due to a febrile illness. One grade 3 adverse event was
noted, namely, a single event of blood pressure elevation to
a maximum of 180/120 during MDV9300 infusion. Drug
infusion was stopped and the patient was treated with one
dose of nifedipine with blood pressure normalization. The
patient underwent eight further treatment cycles with no
significant side effects nor hypertension. Side effects and
their rates are listed in Table 2.

Overall survival at 6 and 12 months was 100 and 55%
respectively. Four patients survived less than 1 year
(7-12 months); for 3 of them the Karnofsky score was
less than 60 upon diagnosis. Three other patients sur-
vived 14-19 months, and two patients are alive 18 and
30 months after diagnosis. The median event free survival
is 9.3 months (range 6.8-24) and the median overall sur-
vival is 15.6 months (range 6.9-28 months).
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Case illustration # 1 developed quadriplegia and his general status deteriorated

to a Karnofsky score of 40. MRI revealed progression or
A 10-year-old boy (patient number 7 on Table 1) presented ~ pseudoprogression of the pontine lesion. The first dose of
with left hemiparesis and MRI consistent with tumor infil- ~ MDV9300 was given 6 months after diagnosis. Imaging
tration of the pons (Fig. 1). Following radiation therapy, he  studies at 3, 6, and 12 months following the first dose (9, 12,

Fig. 1 Images of patient number 7. Axial flair (a) and axial T2 (b) immediately after radiotherapy and 1 year after completion of the MDV9300
therapy. The lesion is more prominent on the right side
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and 18 months after diagnosis) revealed progressive tumor
shrinkage and the patient gradually improved clinically. One
year later the Karnofsky score rose to 80. He had mild hemi-
paresis and the MRI showed a smaller lesion. One year after
completion of treatment (28 months following diagnosis),
the child is stable both clinically and radiologically.

Case illustration #2

An 18-year-old boy (patient number 8 in Table 1) was
diagnosed with Ollier’s syndrome, with secondary typical
bone and cartilage lesions, and was diagnosed with pontine
glioma based on imaging and new onset sixth nerve palsy.
The patient underwent radiation with no response on post
radiation MRI. He underwent radiotherapy, and 6 months
later MDV9300 was given. Imaging studies done 6, 9, and
12 months after treatment initiation revealed significant
ongoing tumor shrinkage (Fig. 2). The patient is clinically
stable, with no neurological deficits other than ipsilateral
sixth nerve palsy and partial neuronal hearing loss. The
patient chose to continue therapy on a compassionate basis
after completion of the planned 12 months of treatment and
is now doing well, 22 months after diagnosis.

Discussion

DIPG is the most aggressive pediatric brain tumor. Most
patients progress and die within 1 year and new treatments
aimed at life prolongation are urgently needed. Immune
modulating antibodies have shown promising results in mul-
tiple progressive malignancies, some of them unknown to
be immune responsive [1, 4, 15, 16]. Most of such studies
enrolled adult patients with primary extra CNS lesions. We
present our preliminary results of the toxicity and efficacy of
the antibody MDV9300 (pidilizumab) in pediatric patients
with DIPG. To our best knowledge, this is the first study
to investigate toxicity and efficacy of immune modulating
antibodies in pediatric patients.

The toxicity profile of MDV9300 was favourable for the
9 children enrolled in this study,. Two patients experienced
grade 3 adverse events. One of 83 treatment cycles was
associated with grade 3 hypertension, which did not recur
during further drug infusions. The only frequently reported
adverse event was a grade 1-2 fatigue, recorded after 7 of
83 cycles, and asymptomatic grade 1-3 neutropenia after
10/83 cycles. One case of dyspnea was recorded. In a study
of adults with multiple myeloma, toxicity rates related to
MDV9300 treatment were similar [17]. Reported rates of
anemia, thrombocytopenia, and neutropenia were 25%, 23%,
and 34%, respectively. Other common grade 2-3 therapy-
related adverse events were fatigue (50%), anorexia (17%),
and hypophosphatemia (17%). None of the adverse effects

were significant. Of importance, the exact mode of action
of MDV9300 is currently under intensive investigation, and
when further clarified, will contribute to the understanding
of the expected toxicity profile.

Over the last 20 years, several clinical trials have evalu-
ated various chemotherapy and radiotherapy regimens for
patients with DIPG. In 2006, Hargrave et el [2]. summa-
rized 28 chemoradiotherapy regimens and 4 studies evalu-
ating targeted therapies; none of them showed an outcome
significantly better than single agent radiation. Data for 973
patients who presented in that publication showed a median
OS of 10.1 months (range 7-17); 1 year OS ranged from
25 to 53% and 2 year survival from 5 to 23%. Later stud-
ies summarizing the American and UK national experience
with radiation and temozolomide showed OS of 9.6 and
9.5 months for cohorts of 63 and 43 patients, respectively
[3, 4]. Unfortunately, no other agents have led to significant
improvement in the extremely grim prognosis of this disease
[5].

A multi-center retrospective study published by Jansen
et al. [12] reviewed 316 patients with DIPG. The median
survival was 10 months. The study divided patients into
three risk groups based on age (>3 years old), duration
of symptoms prior to diagnosis, and the presence of ring
enhancement within the tumor. Median survival was 13.7,
9.7, and 7 months in the low, intermediate, and high-risk
groups, respectively. Based on these criteria, 8 of our
patients had intermediate risk disease and 1 had high risk
disease, with expected OS of 9.7 and 7 months, respectively.
Data from our study show a median OS of 15.6+ 3.1 months
and a 1-year OS rate of 55%. Our cohort was too small to
evaluate risk factors for early progression, but a Karnof-
sky score < 60, as presented in 3 of the 4 early progressing
patients, and in none of the remaining patients, may predict
aggressive disease.

Data regarding activity of immune modulating antibod-
ies in the CNS originate from animal studies. Zeng et al. [8]
published the outcome of mice that underwent irradiation in
combination with anti-PD-1 antibodies. Median survival was
25 days in the control arm, 27 days in the anti-PD-1 anti-
body arm, 28 days in the radiation arm, and 53 days in the
radiation plus anti-PD-1 therapy arm (P <0.05 by log-rank
Mantle-Cox). Long-term survival was observed only in the
combined treatment arm, with a fraction (15-40%) of ani-
mals alive at day 180+ after treatment. Similar efficacy was
demonstrated by other studies [18, 19]. Based on these data
regarding the importance of combining multiple immune
modulating treatments, the current study was planned to be
continued with combined radiation, MDV9300 therapy, and
low dose cyclophosphamide.

The main limitation of the current data is the small
number of patients, which does not enable reaching final
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Fig.2 Images of patient number 8. Axial flair and sagittal T2 immediately after radiotherapy (a) and 1 year after completion of MDV9300
therapy (b). There is a notable shrinkage of the brain stem lesion
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