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Abstract
Purpose Nimotuzumab is an IgG1 antibody that targets epidermal growth factor receptor (EGFR). Overexpression of EGFR is
detected in some pediatric brain tumors including diffuse intrinsic pontine gliomas (DIPG)s.
Methods Since May 2010, nimotuzumab, combined with carboplatin or vinorelbine or Temozolomide (TMZ), was administered
during progressive disease (PD) after the use of the institutional protocol consisting of radiotherapy (RT) + TMZ and adjuvant
TMZ. After May 2012, children with newly diagnosed disease received TMZ during RT, and nimotuzumab and TMZ after RT.
Nimotuzumab was given as 150 mg/m2/dose once a week for 12 weeks, and then every other week with TMZ until PD. PD
patients were switched to nimotuzumab + vinorelbine combination until death.
Results Nimotuzumab was used in 24 children with DIPG (seven in the PD group, 17 in the newly diagnosed patient group). In
the PD group, median survival timewas 12months (7–42months); 1-year and 2-year overall survival (OS) rates were 42.9 ± 18%
and 14.3 ± 13%, respectively. The median survival in this group, after the initiation of nimotuzumab was 6 months (3–8 months).
In the newly diagnosed patient group, median survival time was 11 months (3–35 months) and median progression free survival
was 4 months (1–21 months). The 1-year OS in this group was 35.3 ± 11% and 2 year OS was 11.8 ± 7%. Nimotuzumab ±
chemotherapy was well tolerated with no major adverse effect.
Conclusion Nimotuzumab-containing regimens are feasible and tolerable; it might be that some patients either with newly
diagnosed DIPG or with progressive disease may benefit modestly from nimotuzumab-containing combinations.
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Introduction

Despite aggressive treatment, the prognosis of high-grade gli-
omas is poor. Particularly, diffuse intrinsic pontine glioma
(DIPG) remains the grimmest and most frustrating brain tu-
mor that has a median survival of only 9–12 months [1–4]. In
the study of Hargrave et al. [2], a typical DIPG is defined by
onset of symptoms ≤ 3 months before diagnosis, ≥ 2 signs of
the neurologic triad (cranial nerve deficit, ataxia, or long tract
signs) combined with specific magnetic resonance imaging
(MRI) features (appearance of a poorlymarginated tumor with
mass effect occupying ≥ 50% of the axial diameter of the
pons, hypointensity on T1 and hyperintensity on T2-images).
Radiotherapy (RT) is the standard treatment for DIPGs,
achieving a temporary neurologic improvement in nearly
70% of patients [1–4]. Different combinations of chemother-
apy, RT, and radiosensitizers were attempted but failed to im-
prove long-term survival [1–5]. Recent studies have shown
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amplification or overexpression of epidermal growth factor
receptor (EGFR) in DIPGs [6–8]. Hence, EGFR inhibitors
deserve studying as a target therapy in DIPGs.

Nimotuzumab is an IgG1 antibody that targets EGFR.
Promising results of Phase I and II studies with nimotuzumab
have been reported in high-grade gliomas including DIPG
[9–12]. In our institution, nimotuzumab was administered ini-
tially during progressive disease (PD); then it was used as
primary treatment after RT with TMZ. Our aim is to assess
the outcome of DIPG patients who were treated with
nimotuzumab-containing regimens.

Methods

We retrospectively reviewed a total of 24 DIPG patients treated
with nimotuzumab-containing regimens either for the newly
diagnosed patients or at progression in two centers, Istanbul
University Oncology Institute and Bezmialem Vakif
University during January 2010–January 2017. Eligibility
criteria of the patients included ≤ 3 months of clinical features
of cranial nerve deficits, motor nerve disability, or cerebellar
dysfunction. All patients had MRI with evidence of a large
expensile lesion with irregular margins occupying ≥ 50% of
the axial diameter of the pons, hypointensity on T1, and
hyperintensity on T2 images. Radiological criteria also includ-
ed encasement of the basilar artery, extension into the mesen-
cephalon and/or medulla oblongata and/or cerebellar peduncle
as well as contrast enhancement with or without necrosis. The
diagnosis of DIPG was clinically made after evaluation by a
pediatric oncologist, radiation oncologist, neurosurgeon, and
radiologist in the weekly multidisciplinary tumor board. All
patients were discussed and MRIs were reviewed by the same
neurooncologists. Cranial MRI was obtained from all patients
at diagnosis and was repeated every 3months during treatment.
All patients received RT as the standard treatment. Since 2004,
temozolomide (TMZ) was used concomitantly during RT,
followed by TMZ after RTas adjuvant chemotherapy for 12 cy-
cles. From May 2010, nimotuzumab, combined with
carboplatin or vinorelbine or TMZ, were administered during
progressive disease (PD). AfterMay 2012, children with newly
diagnosed DIPG, received TMZ during RT, and nimotuzumab
and TMZ after RT. Since no standard agents have demonstrated
clinically significant superior activity and since in our previous
report of DIPG patients who received RT and TMZ had a
significantly higher overall survival than patients who only
received RT [5], we decided to continue to use TMZ as a
backbone both during and after RT. Following the promising
reports with nimotuzumab [9–11], we planned to add
nimotuzumab to the treatment. Nimotuzumab was used by
the approval of the Ministry of Health as off-label use.
Nimotuzumab was given as 150 mg/m2/dose once a week for
12 weeks and then every other week with TMZ 200mg/m2/day

for 5 days every 28 days until PD. In PD patients under TMZ +
nimotuzumab treatment, TMZ was stopped and either vinorel-
bine 25 mg/m2/day or carboplatin 350 mg/m2/day was com-
bined with nimotuzumab every 2 weeks until death or for up to
2 years. The treatment schedule for patients with newly diag-
nosed DIPG and at progression is shown in Fig. 1.

Informed consent was obtained from the parents. All
patients had adequate hematologic, renal, and hepatic
functions (hemoglobin level > 10 g/dl, total leukocyte
count > 4000/mm3 with absolute neutrophil count >
1500/mm3 and platelet count > 100,000/mm3; liver en-
zyme level < 2.5 upper limit of normal; and serum creat-
inine level < 1.5 upper limit of normal). Toxicity was
graded using the National Cancer Institute Common
Toxicity Criteria [13]. Toxicity was evaluated after each
course of nimotuzumab-containing chemotherapy.

Results

Among 24 (16 male, 8 female) patients, there were 7 patients
with a median age of 6 years (4–11 years) in the PD group; 17
patients with a median age of 7 years (3–14 years) in the
newly diagnosed patient group. In seven patients, with PD
(Table 1), two had significant clinical improvement for
8 months (Table 1, patients 1 and 2); however, both died at
12 months since the initial diagnosis. One of these patients
attended primary school with a good quality of life for
6 months (Table 1, patient 1). The other five patients with
PD deteriorated under nimotuzumab treatment at a median
of 3 months (1–4 months) and all died at a median of
17 months (7–42 months) since the initial diagnosis
(Table 1, patients 3–7). Considering all patients with PD, the
median survival from initial diagnosis was 12 months (7–
42 months); 1 year OS was 42.9 ± 18% and 2 year OS was
14.3 ± 13% (Table 2). The median survival in this PD group,
after the initiation of nimotuzumab was 6 months (3–
8 months).

In 17 newly diagnosed patients who received
nimotuzumab containing treatment (Table 3), 11 patients
had either clinical improvement or remained stable at a
median of 6 (3–18) months; however, all died at a me-
dian of 11 months (3–35) since diagnosis. One of these
patients with clinical improvement for 18 months stud-
ied in high school with a good quality of life living in a
dormitory (Table 3, patient 1). The tumor of this patient
was biopsied when he had PD and revealed anaplastic
astrocytoma. The other patient biopsied in this group
revealed glioblastome multiforme (Table 3, patient 6).
The number 2 patient having clinical improvement for
10 months attended primary school with no major com-
plications (Table 3, patient 2). Another patient in this
group had PD at 6 months of initial diagnosis; remained

84 Childs Nerv Syst (2019) 35:83–89



stable under nimotuzumab + vinorelbine combination for
24 months and lived for 35 months since the initial
diagnosis (Table 3, patient 5). This patient also success-
fully attended the kindergarden more than a year. The
remaining six patients in this group, having no re-
sponse, deteriorated during RT and all died at a median
of 4 months (3–8 months) (Table 3, patients 12–17).

In the whole newly diagnosed patient group of 17 patients,
the median survival from initial diagnosis was 11 months (3–
35) months and median progression free survival was
4 months (1–21 months). The 1-year and 2-year OS were
35.3 ± 11% and 11.8 ± 7%, respectively (Table 2).

Nimotuzumab + TMZ / nimotuzumab + carboplatin / or
nimotuzumab + vinorelbine was well tolerated with no
major adverse effect. We did not observe major adverse
effect such as allergic reaction or changes in vital signs
during any courses of nimotuzumab combinations. After
8 cycles of TMZ + nimotuzumab, the dose of TMZ was
decreased by 25% in two patients (Table 3, patients 1
and 2), and the interval of TMZ was increased to 42 days
in the last 4 cycles in one patient due to thrombocytope-
nia (Table 3, patient 1). There was mild thrombocytope-
nia in 7 patients under nimotuzumab + TMZ, probably
due to TMZ toxicity with no transfusion requirement.
No patients required erythrocyte tansfusions. There was
no hospitalization due to febrile neutropenia or due to
any other drug toxicity. Sixteen patients (3 patients in
the PD group and 13 patients in the newly diagnosed
patient group) had nutritional support by nasogastric

tubing when the gagging reflex elapsed and three pa-
tients in the newly diagnosed patient group were fed
through percutaneous endoscopic gastrostomy.

Discussion

Gilbertson et al. [6] determined EGFR/ERBB1 amplification
and overexpression in 28 samples (18 surgical biopsies and 10
postmortem specimens) of DIPGs and they observed a signif-
icant increase in ERBB1 expression in higher tumor grades.
Ballester et al. [8] reported EGFR overexpression in 16 of 24
(66%) postmortem DIPG samples and suggested that this
could be a potential therapeutic target in a large percentage
of cases. However, on the other hand, larger series have shown
that EGFR mutation/amplification is a rare event in pediatric
DIPG/HGG [14].

The first pediatric results with EGFR antibodies, come from
phase II and phase III studies, carried out in Germany in pa-
tients with high-grade gliomas including DIPG [9, 10]. The
phase II multicentre trial was designed to explore the feasibility
and efficacy of nimotuzumab in 47 children and adolescents
with resistant and relapsed high-grade gliomas [9]. Eleven pa-
tients showed stable disease and partial remission and median
OS was extended for responders (10 months) compared to
nonresponders (3.2 months) (Table 4). Another Phase II study
reported from North America used a quite similar
nimotuzumab regimen in 44 progressive DIPG patients and
found that time to progression following nimotuzumab for the

Fig. 1 Treatment schedules for
nimotuzumab-containing
regimens
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responding patients (n = 4) ranged from 119 days to 335 days;
median survival time was 3.2 months [15] (Table 4). In our
study, likewise Bode’s report, in seven patients with progres-
sive disease, there were two patients with clinical improvement
for 8 months (240 days). In this PD group, median OS was
12months (7–42months) which is much higher than the results
reported by Bartels et al. [15] and is promising. In the MD
Anderson data, where nimotuzumab was administered to 13
of 31 DIPG patients at progression, the median progression-
free survival was reported as 2 months in the whole group; this
group also emphasized repeat radiation as the most effective
treatment at relapse in terms of PFS [16] (Table 4).

The phase III trial enrolled 42 children with newly
diagnosed DIPG from Germany, Italy, and Russia during
2006 to 2007 [10]. Four had partial remission (9.8%) and
27 had (65.8%) stable disease. The median PFS was
5.9 months and the median OS was 9.7 months with a
significantly longer survival in radiological responders
than in non-responders (Table 4). In 2011, the same group
reported the results of 37 newly diagnosed patients where
the median PFS was 7 months and OS was 11 months
[11] (Table 4). When we evaluate our newly diagnosed
patient group, median PFS was 4 months and median
OS was 11 months. Our results in newly diagnosed pa-
tients receiving nimotuzumab are similar to those reported
by Bode et al. [10] and Massimino et al. [11] (Table 2).
Three long survivors in this group lived for 22, 27, and
35 months (Table 3, patients 1, 5, and 7); two of them
could attend school and one even lived in the school dor-
mitory for 18 months (Table 3, patient 1). The median OS
since diagnosis in patients with progressive disease in our
study is similar to that of the results of the newly diag-
nosed patient group (12 months vs 11 months, respective-
ly). In our previous report of DIPG patients before the
nimotuzumab era [5], the median survival time among
all patients (n = 50) was 13 months (1–160 months). In
this previous report [5], patients who received RT and
TMZ had a significantly higher overall survival than pa-
tients who only received RT (at 1 year 55% versus 42%;
at 2 years 37% vs 0%; p = 0.018).

Massimino et al. [12] published another study in which
they used nimotuzumab together with vinorelbine in new-
ly diagnosed 25 patients. After a median follow-up of
14 months, 12/20 were alive, their PFS/OS at 12 months
were 32%/81%, respectively and the OS at 2-yrs was re-
ported as 28%. In the report of Hoffman et al. [17], where
they compared clinical, radiologic, and histomolecular
characteristics between short-term survivors and long-
term survivors of DIPG, neoadjuvant, or adjuvant system-
ic therapy correlated with long-term survival in both
univariable and multivariable analyses. In this large
1130 patient study, multivariable logistic regression dem-
onstrated higher odds of long-term survival with use ofTa
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EGFR inhibitors (e.g., gefitinib, erlotinib, nimotuzumab,
rindopepimut, cetuximab) at diagnosis [17]. In the study
of Massimino et al. [12], they also re-irradiated 11 of 16
patients at progression. Their median PFS and OS were
8.5 and 15 months, respectively (Table 4). Repeat radia-
tion may have contributed to the improved results in this
cohort, as has been reported by Janssens et al. and
Lassaletta A et al. [18, 19]. There is no known effective
therapy for recurrent disease. With increasing evidence of
the safety of re-irradiation in other pediatric brain tumors,
there is growing interest in considering re-irradiation for
progressive DIPG. Lassaletta et al. [19] observed clinical
improvement in most of the patients, confirming the ben-
efit of this approach in a palliative setting. Steroids were

completely avoided in six patients and were discontinued
in four patients by the end of the re-irradiation. However,
evaluation of quality of life is lacking in these reports.
Data of quality of life may become critical for parents in
making decision to proceed to re-irradiation vs palliative
care. None of the patients in the present study were re-
irradiated. One patient (Table 1, patient 3) who developed
a new lesion just outside the initial radiation field received
radiation to the new site. Re-irradiation in selected pa-
tients had begun recently in our centers.

There are limitations in this study because of its retrospec-
tive nature. Only two of the 24 patients could be biopsied. One
was an anaplastic astrocytoma and survived for 27 months with
a good quality of life. The other was a glioblastome multiforme

Table 3 Newly diagnosed patients using nimotuzumab-containing regimens

Patient Age
(years)

Initial Tx Response
to RT

Adjuvant
Tx

1st PD time
since N
(months)

1st PD
Tx

2nd PD time
since 1st PD
(months)

2nd PD
Tx

3rd PD time
since 1st PD
(months)

3rd
PD
Tx

Survival
(months)

Outcome

1* 14 RT + TMZ YES TMZ+N 18 Refused
Tx

20 Refused
Tx

– – 27 DOD

2 8 RT + TMZ YES TMZ+N 10 N +V – – – – 12 DOD

3 7.5 RT + TMZ YES TMZ+N 7 N +V 9 – – – 11 DOD

4 10 RT + TMZ YES TMZ+N 6 N +V – – – – 8 DOD

5 5 RT + TMZ YES TMZ+N 6 N +V 28 Refused
Tx

– – 35 DOD

6* 5 RT + TMZ YES TMZ+N 6 N +V 8 Refused
Tx

– – 11 DOD

7 4 RT + TMZ YES TMZ+N 5 N +V – – – – 22 DOD

8 7 RT + TMZ YES TMZ+N 4 N +V 5 – 11 DOD

9 5 RT + TMZ YES TMZ+N 4 N +C 7 N +V 12 mo. N +V 16 DOD

10 10 RT + TMZ YES TMZ+N 3 N +C 9 N +V 12 mo. N +V 14 DOD

11 5 RT + TMZ YES TMZ+N 4 TMZ+N 5 ICU – – 13 DOD

12 10 RT + TMZ NO TMZ+N 2 N +V 4 N +V – – 6 DOD

13 5 RT + TMZ NO TMZ+N 2 N +V 4 N +V – – 4 DOD

14 7 RT + TMZ NO TMZ+N 2 N +C – – – – 3 DOD

15 7 RT + TMZ NO TMZ+N 1 N +C 2 Refused
Tx

– – 8 DOD

16 3 RT + TMZ NO TMZ+N 1 TMZ+N – – – – 4,5 DOD

17 13 RT + TMZ NO TMZ+N 1 Refused
Tx

3 ICU – – 4 DOD

*Biopsied

Tx, treatment; RT, radiotherapy; TMZ, temozolomide; PD, progressive disease; N, nimotuzumab; V, vinorelbine; ICU intensive care unit; DOD, dead of
disease

Table 2 Survival rates of diffuse intrinsic pontine glioma patients using Nimotuzumab containing regimen at progression or in the newly diagnosed
patient group

Group Median survival (months) 1-year survival (%) 2-year survival (%)

Patients at progression (n = 7) 12 (7–42) 42.9 ± 18 14.3 ± 13

Patients in the newly diagnosed patient group (n = 17) 11 (3–35) 35 ± 11 11.8 ± 7
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who lived for 11 months. None of the specimens could be
analyzed for H3 mutations. Biopsy of a DIPG with typical
imaging findings is justified when the patient is part of an
ethically approved clinical study [20]. We may speculate that
if we could do biopsies in all samples and correlate the re-
sponders to nimotuzumab-containing regimens; this could be
a guide for future studies using nimotuzumab. However, cur-
rently, there is no prognostic implication associated with treat-
ment outcome according to EGFR expression in DIPGs [8].

In conclusion, DIPG has still very poor prognosis.
Although, the addition of nimotuzumab to chemotherapy
did not change the dismal prognosis, it might be that,
some patients either with newly diagnosed DIPG or with
progressive disease may benefit modestly from anti-
EGFR-containing combinations.
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