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Abstract

Background Diffuse intrinsic pontine glioma (DIPG) is a devastating cancer of childhood and adolescence.

Methods The study included patients between 3 and 20 years with clinically and radiologically confirmed DIPG. Primary
endpoint was 6-month progression-free survival (PFS) following administration of nimotuzumab in combination with external
beam radiotherapy (RT). Nimotuzumab was administered intravenously at 150 mg/m? weekly for 12 weeks. Radiotherapy at
total dose of 54 Gy was delivered between week 3 and week 9. Response was evaluated based on clinical features and MRI
findings according to RECIST criteria at week 12. Thereafter, patients continued to receive nimotuzumab every alternate
week until disease progression/unmanageable toxicity. Adverse events (AE) were evaluated according to Common Termi-
nology Criteria for Adverse Events (CTC-AE) Version 3.0 (CTC-AE3).

Results All 42 patients received at least one dose of nimotuzumab in outpatient settings. Two patients had partial response
(4.8%), 27 had stable disease (64.3%), 10 had progressive disease (23.8%) and 3 patients (7.1%) could not be evaluated. The
objective response rate (ORR) was 4.8%. Median PFS was 5.8 months and median overall survival (OS) was 9.4 months. Most
common drug-related AEs were alopecia (14.3%), vomiting, headache and radiation skin injury (7.1% each). Therapy-related
serious adverse events (SAEs) were intra-tumoral bleeding and acute respiratory failure, which were difficult to distinguish
from effects of tumor progression.

Conclusions Concomitant treatment with RT and nimotuzumab was feasible in an outpatient setting. The PFS and OS were
comparable to results achieved with RT and intensive chemotherapy in hospitalized setting.
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Introduction according to World Health Organization Classification of

CNS Tumors (2016) [1, 2]. Approximately 300 children in the

Brainstem tumors constitute approximately 10-15% of all
pediatric central nervous system (CNS) tumors [1]. Diffuse
intrinsic pontine glioma (DIPG) is the most common brain-
stem tumor of childhood, accounting for more than 80% of
brainstem gliomas in this age group. It has recently been
re-classified as H3 K27M-mutant diffuse midline glioma
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U.S. and in Europe are diagnosed with DIPG every year [3].
There is no effective treatment against the condition till date,
with less than 10% patients surviving for 2 years following
diagnosis, and less than 1% surviving for 5 years. The median
survival time is less than 1 year following diagnosis [4, 5].

Studies on pediatric high-grade glioma (HGG) have dem-
onstrated the over-expression of epidermal growth factor
receptor (EGFR) protein in about 80-85% of tumors tested
[6]. However, amplification of the EGFR protein is relatively
rare in childhood HGG. Only 7% of the cases with EGFR
over-expression were found to have EGFR amplification
indicating that unlike adult HGG, a mechanism other than
gene amplification is responsible for EGFR overexpression
in childhood HGG [6].
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Nimotuzumab is a recombinant humanized monoclonal
antibody against the human receptor for epidermal growth
factor (EGF). In vivo experiments using human brain
tumor cell line xenografted into nude mice have shown
that nimotuzumab is effective in reducing the number of
CD133+ cancer stem cells when used as monotherapy
or in combination with radiotherapy (RT), compared to
RT alone [7]. A study by Diaz-Miqueli et al. [7] con-
cluded that co-administration of nimotuzumab with RT
increased the radiosensitivity of human glioblastoma cell
line (U87MG), resulting in a significant delay in subcu-
taneous tumor growth, significant reduction in size of
tumor blood vessels and proliferating cells in subcutane-
ous tumors. These data suggest that anti-EGFR monoclo-
nal antibodies play the role of radiosensitizers in human
glioblastoma cells.

It was postulated that nimotuzumab in combination
with radiation would have potential use in the treatment
of pediatric brain tumors, and be effective in children with
recurrent or relapsed high grade gliomas [8].

The main goal of this study was to assess the median
PFS in children and adolescents with newly diagnosed
DIPG treated with the anti-EGFR humanized monoclonal
antibody nimotuzumab and local fractionated RT.

Materials and methods
Study design

An open-label, single arm, phase III multinational clinical
study was conducted with patients enrolled from Germany,
Italy and Russia. The study included patients with newly
diagnosed clinically and radiologically confirmed DIPG,
in age group of 3-20 years and with Lansky or Karnofsky
index >40%. In addition, the patients had to have adequate
renal, liver and haematological functions. All patients had
a short disease history with symptoms (cranial nerve pare-
sis, ataxia, lower or upper extremity paresis) duration of
less than 3 months, and characteristic features of DIPG
on MRI (tumor primarily located in the pons, infiltrating
diffusely the pons and with a tumor diameter more than
half of the pons) [9].

Major exclusion criteria were: (i) patients having pon-
tine glioma as secondary malignancy or a low grade brain
stem glioma, (ii) prior anti-neoplastic therapy, including
chemotherapy, immunotherapy, radiotherapy and (iii)
prior administration of a recombinant human or murine
antibody or known hypersensitivity to antibodies. Biopsy
of the tumour was neither among inclusion nor exclusion
criteria and therefore these data were not reported.
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Interventions

The dose of nimotuzumab was calculated based on stud-
ies in adults and the phase II study conducted in children
and adolescents [8]. It was assumed that an absolute
dose of 200—400 mg in adults corresponds to a dose of
115-230 mg/m? body surface area (BSA), and the dose for
this study was adjusted to 150 mg/m? BSA [8]. Nimotu-
zumab (150 mg/mz) was diluted in 0.9% sodium chloride
to a total volume of 250 mL and was administered once
weekly by intravenous infusion over 30 min for 12 weeks.
Concomitantly, external beam RT with a total dose of
54 Gy was administered, divided in 1.8 Gy fractions/
day for 5 days/week for 6 weeks (“induction” therapy).
Thereafter, nimotuzumab treatment was continued every
alternate week in patients with stable disease or positive
response until disease progression, appearance of unac-
ceptable toxicity or withdrawal of consent (“maintenance”
therapy).

Efficacy assessment

The primary endpoint of the study was estimation of pro-
gression-free survival (PFS) following the administration
of nimotuzumab in combination with external beam RT.
Progression-free survival was defined as the time from
patient enrollment till the day of documented progression
of disease or death, whichever happened earlier. Time was
censored at the latest follow-up for patients still alive and
relapse-free.

The secondary endpoints were overall survival (OS),
objective response rate (ORR), disease control rate (DCR),
and safety and tolerability. Disease control rate (DCR) was
defined as the number of participants experiencing com-
plete response (CR), partial response (PR), or stable dis-
ease (SD) at week 12, divided by the number of enrolled
participants. Overall response rate (ORR) was defined as
all patients with partial or complete response divided by
number of enrolled participants. Overall survival (OS) was
defined as the time from either diagnosis or recurrence to
death due to any cause. Time was censored at the latest
follow-up for patients still alive. Tumor assessment using
MRI was performed at baseline, not more than 2 weeks
before the start of treatment, and then repeated after every
12 weeks. Evaluation of tumors was performed by inves-
tigator and Independent Response Review Committee
(IRRC). Continuation of treatment was based on IRRC
evaluation. Tumor response criteria were determined
according to RECIST by changes in size using width (W),
transverse (T), and length (L) measurements on either T2
or FLAIR-weighted MRIs [10]. Complete response (CR)
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was defined as disappearance of all measurable disease.
Partial response (PR) was defined as reduction in great-
est diameter (GD) of target lesion by at least 30% from
baseline value. Progressive disease (PD) was defined as
increase in GD of target lesion by at least 20% from base-
line value.

In case length of lesion could not be determined, the
product of the longest diameter and its longest perpendicu-
lar diameter (TxW) was used for comparison. Treatment was
discontinued in case of global deterioration in physical or
neurological conditions, regardless of radiological assess-
ment. Hence, clinical deterioration was considered as tumor
progression even in the absence of confirmatory MRI find-
ings [8, 11].

Safety assessment

All patients who had received at least one dose of anti-
body were evaluated for drug safety. Adverse events were
assessed according to the Common Terminology Criteria
for Adverse Events (CTC-AE) Version 3.0 of the National
Cancer Institute.

Statistical methods

The study population was defined as intention-to-treat (ITT)
population and included all study patients who had received
at least one dose of nimotuzumab. Primary efficacy endpoint
was progression-free survival (PFS). Intention-to-treat popu-
lation was also evaluated for overall survival (OS), tumor
response (ORR and DCR), safety and tolerability.

A non-parametric one-sided sign-test was performed to
assess if the median PFS in ITT population was significantly
over 6 months. Setting-up Hy: p <0.5 and H;: p>0.5, assum-
ing H;: p=0.75, with a type I error rate a=0.025 and type
IT error rate p=0.20, a sample size of n=40 patients was
needed, including a 20% drop out rate. The median PFS
was calculated with 95% confidence interval (CI). Primary
statistical analysis of the efficacy endpoint was performed
6 months after registration of the last patient for the study.

The OS curves and cumulative incidence for PFS were
estimated using the Kaplan—-Meier method. A Drug Moni-
toring and Safety Committee (DMSC) was established and
conducted regular safety reviews.

Results
Patient characteristics
From April 2006 to July 2009, 42 children and adolescents

(16 male and 26 female) with newly diagnosed brain stem
gliomas suspected to be DIPG were included in this trial.

Median age of participants was 7.4 years with a range of 3
to 15 years. In the intention-to-treat (ITT) population Lansky
or Karnofsky Performance Status (KPS) was evaluated at
baseline visit for all patients. There were 9 patients (21.4%)
with Lansky or KPS of 90, 11 patients (26.2%) with 80, 12
patients (28.6%) with 70, 6 (14.3%) with 60 and 4 (9.5%)
with 40. At baseline 41 patients (97.6%) had a typical DIPG,
while one patient (2.4%) suffered from a medulla oblongata
tumor (Table 1).

Clinical efficacy

The primary endpoint of the study was not met according to
the statistical design proposed because the median PFS (95%
CI) was 5.8 months (4.8 months, 6.1 months) (Fig. 1). The
PFS rate at 6 months was 36.9% (21.2%, 52.8%), one-sided
sign test: p=0.0541 and the PFS rate at 1 year was 5.3%,
respectively.

Thirty-three patients died due to tumor progression dur-
ing the study period. During follow up, another 8 patients
died due to disease progression. Two children were alive
without progression for 26 and 34 months and one patient
was still alive with stable disease at last follow up (30th
June 2010, OS 47.4 months). The median OS (95% CI) was
9.4 months (7.9, 11.6) (Fig. 2). The 1- and 2-year overall
survival probabilities were 33.3% and 4.8%, respectively.

After 12 weeks of treatment with radiotherapy in com-
bination with nimotuzumab, 2 patients had PR (4.8%), 27
patients had SD (64.3%), 10 patients had PD (23.8%) and 3
patients (7.1%) could not be evaluated for response (1 patient

Table 1 Baseline demographic and clinical characteristics of patients

Characteristics Intention-to-treat population
N (%)
Number of patients 42 (100)
Gender
Male N (%) 16 (38.1)
Female N (%) 26 (61.9)
Mean age in years (range) 7.4 (3.0-15.0)

124.5 (94-178)
25.2 (11.5-78)
0.94 (0.58-1.81)

Mean height in cm (range)
Mean weight in kg (range)
Mean BSA in m? (range)
Lansky/Karnofsky index N (%)

90% 9(21.4)
80% 11 (26.2)
70% 12 (28.6)
60% 6 (14.3)
40% 49.5)
Tumor localization, N (%)
Diffuse intrinsic pontine glioma 41 (97.6)
Other brain stem glioma 124

@ Springer



110

Journal of Neuro-Oncology (2019) 143:107-113

058

06

RT + nimotuzumab (N= 42)
Median PFS [95% CI] = 5.8 months [4.8, 5.1]
0.5-year PFS rate: 36.9 %

PFS

044

24

0,0

IOTOO |Sf00 20,00
Follow up months

3_
g

Fig. 1 Kaplan-Meier curve for the PES in the ITT population after
treatment with radiotherapy and nimotuzumab

1.0

0.8

0.6

RT + nimotuzum

Wed 2

9.4 months [7.9, 11.6]

0.4

Overall Survival

0.07]

Follow up months

Fig.2 Kaplan—-Meier curve for OS in ITT population after treatment
with radiotherapy and nimotuzumab

had an early death, 1 could not be radiologically evaluated
and 1 did not have typical DIPG). The ORR at week 12 was
4.8% and the DCR was 69.1%.

Safety and tolerability

Patients received a median of 18 infusions of nimotuzumab
(range 1-24 infusions) for a median duration of 5.4 months
(range 0.1-9.6 months). Table 2 summarizes the incidence
of AEs in subjects related to nimotuzumab and RT classi-
fied by Primary System Organ Class and Preferred Terms
(MedDRA).

@ Springer

A total of 368 AEs were reported in 42 patients (100%).
Sixty-six AEs (in 35 patients, 83.3%) were classified as
SAEs and 302 as non-serious AEs. Eight of the SAEs
(reported in 2 patients, 4.8%) and 64 of the non-serious AEs
(reported in 21 patients, 50%) were assessed to be possibly,
probably or definitely related to administration of nimotu-
zumab and RT; 238 AEs and 58 SAEs were assessed as hav-
ing no association with the treatment. The most frequently
reported treatment-related AEs were alopecia (14.3%),
vomiting (7.1%), headache (7.1%), and radiation skin injury
(7.1%). Headaches, fatigue, vomiting, nausea and temporary
neurological deterioration occurred, particularly during the
first weeks of the RT, possibly as a consequence of radia-
tion induced oedema and required therapy with dexametha-
sone. The most severe therapy-related SAEs reported were
recurrent intra-tumoral bleeding and acute respiratory failure
occurring in two different patients.

Discussion

Diffuse intrinsic pontine glioma is a devastating cancer that
is fatal in most cases and is the leading cause of brain tumor-
related death in children. DIPG is not amenable to surgical
resection due to its critical location and infiltrative nature
[12]. Till date, RT is the only treatment that offers a tran-
sient benefit. Long-term survivors with DIPG are extremely
rare, with very few patients surviving beyond 2 years [3, 12,
13]. Unfortunately, despite four decades of research aimed at
expanding treatment options, the disease remains incurable
[3,4,12,13].

Radiotherapy delays the inevitable progression of disease
by a few months, and can be repeated to prolong survival
[14-16]. Despite improvement in the clinical outcomes with
temozolomide observed in adult patients with glioblas-
toma, combination of radiation and temozolomide has not
improved outcomes in DIPG over the past 15 years [17-19].
Chemotherapeutic strategies including multi-agent neoad-
juvant chemotherapy, concurrent chemotherapy with RT,
and adjuvant chemotherapy have not provided any consist-
ent survival benefit when compared with standard RT [12,
15, 18].

In an effort to alter the dismal prognosis in most chil-
dren, numerous studies have been undertaken with hopes
of improving outcomes. Nimotuzumab is an anti-EGFR
humanized monoclonal antibody that blocks EGF and
TGF-o from binding to EGFR and inhibits its intrinsic tyros-
ine kinase activity. Nimotuzumab requires bivalent interac-
tion for binding to EGF receptors and therefore accumulates
predominantly on tumor tissue with high of EGFR density.
Tumor cell surface studies have shown that nimotuzumab
has a binding affinity of the order of 107 M to EGFR
and specifically recognizes EGFR/HER-1 but not HER-2,
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Table 2 Incidence of AEs
possibly related to radiotherapy
and nimotuzumab

System Organ Class

Adverse event (preferred term) Treatment group

(N=42)
Number  Incidence (%)
of patients
Gastrointestinal disorders Nausea 2 4.8
Stomatitis 2 4.8
Vomiting 3 7.1
General disorders and administration Pyrexia 2 4.8
site conditions
Investigations Alanine aminotransferase increased 2 4.8
Metabolism and nutrition Hypokalaemia 2 4.8
Nervous system disorders Headache 3 7.1
Skin and subcutaneous tissue disorders Alopecia 6 14.3
Radiation skin injury 3 7.1
Rash 2 4.8

HER-3, or HER-4. It also demonstrates positive recogni-
tion to fetal and adult tissues rich in EGFR and tumors of
epithelial origin [20, 21].

The antibody mediates anti-neoplastic effects via inhibi-
tion of signal transduction, thus inhibiting proliferation of
EGFR-bearing tumor cells, increasing apoptosis, and reduc-
ing angiogenesis. Nimotuzumab inhibits cell proliferation,
induces cell cycle arrest in G1 phase of cell division and
induces down-regulation of Vascular Endothelial Growth
Factor (VEGF) production [22]. Furthermore, in vitro stud-
ies have demonstrated that nimotuzumab has immunological
activity, specifically in activation of CD8+ T cells [23, 24].
Results reported by the study show favorable outcomes when
nimotuzumab is used in combination with RT, especially
with regards to the low toxicity of the combination [8, 11].
Other studies have shown that concomitant treatment with
EGFR inhibitors and radiation was feasible in DIPG, even
though the effect on clinical outcomes was minimal [25-28].

During the study, drug-related AEs of all grades were
most frequently reported during concomitant treatment with
radiation or suspected to be correlated with tumor progres-
sion [29].

Clinical experience with nimotuzumab has demonstrated
that its combination with radiotherapy does not produce
toxicities commonly associated with other EGFR-targeting
agents, such as severe acneiform rash, skin rash, hypoka-
lemia and hypomagnesaemia. Better drug tolerability has
allowed researchers to perform pilot studies with other drug
combinations as well with interesting results [30, 31].

This study was classified as a phase III study (i) after a
phase II study in children suffering from a recurrent high
grade glioma or DIPG has shown lack of severe toxic-
ity besides modest efficacy using nimotuzumab as a sin-
gle drug in a BSA adjusted dose [8], and (ii) as the main
goal of this study was defined as the evaluation of efficacy

of combined therapy of nimotuzumab in the previously
evaluated drug dose with a standard treatment of local
radiotherapy.

In summary, nimotuzumab administered concomitantly
and continued after RT was well tolerated and had compa-
rable efficacy to the combination of intensive chemotherapy
and RT. While other chemotherapeutic regimens are often
associated with prolonged hospitalization, this treatment
regimen could be administered within a short period of time
in outpatient settings, with longer intervening intervals at
home or attending school. Further translational research on
molecular alterations in DIPG is needed to identify patients
who may benefit from therapy with nimotuzumab and other
EGFR inhibitors and to provide molecular rationale for
combination with other targeted therapies, cytotoxic agents,
immunotherapy and radiotherapy [11]. Possibility of add-
ing other drugs without harming patients gives a hope of
improving clinical outcomes in DIPG.
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