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Abstract
Relapsed or refractory central nervous system (CNS) tumors still have poor prognosis, and, therefore, new treatment options are
required. We retrospectively researched treatment results of patients with CNS tumors treated with nimotuzumab from 2010 to
2015. The study included nine patients with the diffuse intrinsic pontine glioma; eight with medulloblastoma; three each with
anaplastic ependymoma, glioblastoma multiforme, and central nervous system primitive neuroectodermal tumor (CNS PNET);
two patients with gliomatosis cerebri; and one patient each with other tumor types, including atypical teratoid rhabdoid tumor,
thalamic astrocytoma, low-grade glial tumor, high-grade glial tumor, and cribriform neuroepithelial tumor. An objective response
was observed in 10 of 33 patients with four patients showing a complete response, three a partial response, and three patients had
stable disease. The 2-year overall survival (OS) and progression-free survival (PFS) rates were 35 ±9% and 19 ±8%, respectively.
Due to the objective response in medulloblastoma, CNS PNET, and anaplastic ependymoma (MED group), survival rates of this
group were analyzed. The 2-year OS and PFS for the MED group were 71 ±12% and 30 ±13%, respectively. The treatment was
well tolerated. The treatment responses for medulloblastoma, CNS PNET, and anaplastic ependymoma have been promising.
Likewise, some patients with relapsed or progressive CNS tumors may benefit through nimotuzumab-containing regimen.
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Introduction

Central nervous system (CNS) tumors are the most common
solid tumors affecting children and adolescents (Smith et al.
2010). Treatment and possibility of cure depend on the type of
tumor, its location within the brain, its resectability, possible
spread, and the child’s age (Pollack and Jakacki 2011). Most
children with CNS tumors need a combination of surgery,
radiation therapy, and chemotherapy. The advancements in
all three treatment areas in the last few decades have contrib-
uted to better outcomes (Pollack and Jakacki 2011).

The dismal prognosis for children with relapsed or refrac-
tory CNS tumors has been well documented, especially in
patients who cannot undergo surgical treatment and have al-
ready received radiotherapy. The effective treatment of re-
lapsed disease is controversial and challenging. Therefore,
the researchers explore new treatment options for treating
the disease (Fouladi et al. 2010).

Nimotuzumab is a humanized monoclonal antibody bind-
ing to the epidermal growth factor receptor (EGFR), highly
overexpressed in the number of brain tumors (Egloff and
Grandis 2008). High expression of EGFR protein in glioma
is associated with tumor progression and enhanced tumorige-
nicity (Bredel et al. 1999; Khatua et al. 2012). The effect of
nimotuzumab in gliomas is well understood, and its promising
role as a therapeutic agent in patients with high-grade gliomas
was reported (Lam et al. 2009). However, it has limited use in
other brain tumors.

In this study, we retrospectively analyzed the efficacy
and toxicity of nimotuzumab in patients with poor prog-
nostic CNS tumors, especially with relapsed/refractory
disease.
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Materials and methods

This study was a retrospective analysis of a case series. We
retrospectively reviewed a total of 33 patients diagnosed with
CNS tumors treated with nimotuzumab-containing regimens
either for the newly diagnosed patients or at progression in the
Hacettepe University Oncology Institute from 2010 to 2015.
Children and adolescents aged between 0 and 18 years with a
measurable tumor before the start of nimotuzumab-containing
regimen were eligible to be included in the study.

The patients’ medical records (gender, age, tumor entity,
tumor location, the type of surgery), treatment history, and
MRI scans were reviewed. The diagnosis of diffuse intrinsic
pontine glioma (DIPG) and gliomatosis cerebri was clinically
and radiologically made after the evaluation in the tumor
board. The diagnosis of other tumor groups was made by an
experienced pathologist. All MRIs were reviewed by the same
neuroradiologist. MRI scans were obtained before the therapy,
at 3-month intervals, and/or at the suspicion of progression on
physical examination to detect therapy response. Tumor re-
sponse criteria were determined by changes in size using
width, transverse, and length measurements on MRI scans.
Complete response (CR) was defined as the disappearance
of the measurable disease, while a decrease in the sum of
disease of ≥ 30% represented partial response (PR). An in-
crease in the sum of disease ≥ 20% from the baseline repre-
sented progressive disease (PD). Stable disease (SD) was de-
fined with the absence of CR, PR, or PD. Objective response
(OR) was defined as all patients with either PR or CR
(Therasse et al. 2000).

All patients except one received radiotherapy previously.
Nimotuzumab was used by the approval of the Ministry of
Health for off-label use. Informed consent was obtained from
the parents. All patients had a measurable disease before
nimotuzumab therapy, which was administered as monotherapy
or in combination with the other drugs. The treatment schedule
was 150 mg/m2/dose intravenous administration based on dose
in a study by Bartels et al., weekly in the first 12 weeks, then
every alternate week until progression, or the end of 2 years
(Bartels et al. 2014). If nimotuzumab was combined with vino-
relbine, it was administered the same day with nimotuzumab at a
dose of 20 mg/m2. When combined with temozolomide (TMZ)
or cisplatin-etoposide, each 28-day cycle consisted of TMZ 180
mg/m2/day for 5 days or cisplatin 100 mg/m2 given on day 1
with etoposide 100mg/m2 administered subsequently for 3 days.
All patients had adequate hematologic, renal, and hepatic func-
tions. Toxicity was graded utilizing the National Cancer Institute
Common Toxicity Criteria (National Cancer Institute 2010).
Toxicity was assessed after each course. EGFR expression anal-
ysis could not be performed as the kit was unavailable at the time
of the study.

Calculations were made using the Statistical Package for
Social Studies (SPSS, version 16). OS and PFS were

estimated with the Kaplan-Meier method. PFS and OS were
calculated from the date of the first nimotuzumab regimen
infusion to the date of any radiological or clinical progression
or death due to any cause and censored at the date of the latest
follow-up for patients who were event-free and alive. For the
comparison of different groups, the log-rank test was used
(significance level p<0.05).

Results

A total of 33 patients comprising 10 females and 23 males
received nimotuzumab at the Pediatric Oncology Department
at the Hacettepe University from 2010 to 2015. At the time of
the diagnosis, the median age was 7 (range, 0.1 to 17.5) years.
Patients’ characteristics, according to tumor entity, are sum-
marized in Table 1.

No further classification could be made in the pathological
evaluation of three patients. The first one was low-grade gli-
oma. The pathologist reported it as she could not do further
evaluation between the pilomyxoid astrocytoma and the

Table 1 Patients characteristics according to tumor entity

Patient characteristics No. %

Patients treated with nimotuzumab-containing regimen 33 100

Gender

Male 23 0.69

Female 10 0.31

Prior surgery 22 66.6

Gross total resection 10 30.3

Subtotal resection 7 21.2

Biopsy 2 6

Unknown extent 3 9

Tumor subtype

DIPG1 9 27.2

Medulloblastoma 8 24.2

Anaplastic ependymoma 3 9

Glioblastoma multiforme 3 9

CNS PNET2 3 9

Gliomatosis cerebri 2 6

Other3 5 15.1

Nimotuzumab therapy

Monotherapy 7 21.2

Nimotuzumab+vinorelbine 22 66.6

Nimotuzumab+temozolomide 3 9

Nimotuzumab+ cisplatin-etoposide 1 3

1Diffuse intrinsic pontine glioma
2 Central nervous system primitive neuroectodermal tumor
3Atypical teratoid rhabdoid tumor, thalamic astrocytoma, low-grade glial
tumor, high-grade glial tumor, cribriform neuroepithelial tumor
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pilocytic astrocytoma. The second was the high-grade glioma
(HGG). The tumor showed gl ia l d i f ferent ia t ion
immunohistochemically with a high mitosis rate and Ki 67
index. Although it could not be specifically categorized, it
was considered high grade glial tumor. The last one was tha-
lamic astrocytoma, where the paraffin blocks from the outer
center were evaluated by our pathologist. The findings were
evaluated as the glial tumors in the high-grade astrocytic
phenotype.

The primary tumor location was infratentorial in 20 pa-
tients (60.6%). A total of eight patients had seeding at the time
of the diagnosis (six craniospinal, two spinal). There were 11
patients without tissue biopsy (nine with DIPG, two with
gliomatosis cerebri). All participants except one (45 days in-
fant with the cribriform neuroepithelial tumor) underwent ra-
diotherapy previously.

Median follow-up time was 22 (range, seven to 99) months
after the diagnosis. After initiation of treatment with
nimotuzumab-containing regimens, patients were followed
up for a median of 8 (range, 1 to 51) months.

Nimotuzumab was the first-line treatment in four pa-
tients (all with DIPG), second-line in 12 patients, third-
line in 14 patients, and fourth-line treatment in three pa-
tients (87.8% relapsed/progressive disease). The duration
of nimotuzumab therapy ranged from 21 days to 18
months (median 2.5 months). The mean number of
nimotuzumab doses was 13.8 (median 10), from three to
42 doses.

After nimotuzumab therapy, objective response and
stable disease were observed in 10 of the 33 patients
(30.3%), and other patients progressed. The characteristic

features of the patients with objective responses and sta-
ble disease are summarized in Table 2. Radiological fea-
tures of medulloblastoma patients with complete response
are summarized in Fig. 1. At the time of diagnosis, stable
disease was observed in one of four patients who started
nimotuzumab as the first-line treatment, and the others
progressed (Table 2). One of the patients of central ner-
vous system primitive neuroectodermal tumor (CNS
PNET) in remission died 35 months after the diagnosis
due to the secondary aplastic anemia associated with the
previous medications (first-line cisplatin-etoposide,
second-line vincristine-lomustine-procarbazine).

No significant adverse effects were reported. No aller-
gic reactions or acneiform rashes were observed. We have
not observed any effects of age in terms of efficacy and
tolerability. The 2-year OS and PFS after the initiation of
nimotuzumab treatment were 35 ±9% and 19 ±8%, re-
spectively (Fig. 2a, b). Median OS and PFS were 25 ±6
and 3 ±0.5 months, respectively.

Due to the objective response in medulloblastoma,
CNS PNET, and anaplastic ependymoma, survival rates
of this group (MED group) were analyzed. OS and PFS
for the 2 years after the initiation of nimotuzumab treat-
ment for the MED group were 71 ±12% and 30 ±13%,
respectively (Fig. 3a, b). In the HGG group (DIPG, glio-
blastoma multiforme, and anaplastic astrocytoma), median
PFS and OS were 3 ±0.37 and 22 ±4.7 months, respec-
tively. Although there was a trend estimated toward better
OS and PFS in the MED group, the comparison between
the MED group and HGG group did not show any signif-
icant difference in OS and PFS (p = 0.055) (Fig. 4).

Table 2 The characteristic features of patients with objective response and stable disease

Patient
number

Diagnosis Prior therapy Nimotuzumab-containing
regimen

Response Status at last
visit

Survival*

(months)

1 Medulloblastoma GTR+RT+CISP-ETOP Monotherapy (2nd line) CR Alive (CR) 30

2 Medulloblastoma GTR+RT+ CISP-ETOP NIM+VIN (2nd line) CR Alive (CR) 13

3 Medulloblastoma Surgery+RT+ CISP-ETOP TMZ NIM+VIN (3rd line) CR Alive (CR) 24

4 CNS PNET GTR+RT+ CISP-ETOP VCR-CCNU-PRO Monotherapy (3rd line) CR Deceased** 10

5 Anaplastic ependymoma GTR+RT+CISP-ETOP NIM+VIN (2nd line) PR Alive (PR) 13

6 Gliomatosis cerebri RT+CIS-ETOP CISP-TMZ NIM+VIN (3rd line) PR Alive (PR) 1

7 Low-grade glioma RT+CARBO+ETOP NIM+VIN (2nd line) PR Alive (PR) 17

8 Anaplastic ependymoma GTR+RT+CISP-ETOP NIM+VIN (2nd line) SD Alive (SD) 2

9 DIPG RT NIM+VIN (1st line) SD Alive (SD) 2

10 GBM GTR+RT+TMZ CISP-ETOP NIM+ CISP-ETOP (3rd line) SD Alive (SD) 2

* From the date of first nimotuzumab treatment until patient’s death or last record of patient examination
** Due to secondary aplastic anemia

CCNU lomustine; CISP cisplatin, CNS PNET central nervous system primitive neuroectodermal tumor, CR complete response, DIPG diffuse intrinsic
pontine glioma, ETOP etoposide,GBM glioblastomamultiforme,GTR gross total resection,NIM nimotuzumab, PR partial response, PRO procarbazine,
RT radiotherapy, SD stable disease, TMZ temozolomide, VCR vincristine, VIN vinorelbine
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Discussion

The management of CNS tumors in children remains a chal-
lenge for pediatric oncologists and requires coordinated ef-
forts of specialists (Khatua et al. 2012). Overall survival rates
remain low despite the novel treatment approaches. The prog-
nosis is poor with relapsed or refractory CNS tumors, espe-
cially for those who had received radiotherapy and/or without
any chance of surgery. The poor prognosis of patients with

relapsed or refractory brain tumors has led to research for new
therapeutic strategies (Khatua et al. 2012; Lam et al. 2009).

The present report demonstrated the outcomes of
nimotuzumab as monotherapy or in combination with chemo-
therapy in patients with diverse CNS tumors. Most of the
patients were at the risk of poor outcomes as 87.8% had
relapse/progressive disease, and only 30.3% underwent gross
total resection. Evaluation of EGFR expression in the primary
tumor specimens was not conducted as part of the study.

Fig. 1 Resolution of the seeding metastases of patients with
medulloblastoma on brain magnetic resonance imaging (MRI). a–d
Postcontrast axial T1W image shows bilateral nodular contrast
enhancement within the internal acoustic canal (a, arrow) and
trigeminal nerves enhancement (b, arrow) in a 9-year old male patient.
Six months later, follow-upMRI images demonstrate complete resolution
of these lesions (c, d). e–h Postcontrast axial (e, g) and sagittal (f) T1W
images show bilateral nodular contrast enhancement on the occipital

lobes (e, f, arrows) and within right internal acoustic canal (g, arrow) in
a 6-year old female patient. Three months later, follow-up MRI reveals
complete resolution of the occipital lesions (h). i–l Axial diffusion-
weighted image (DWI) demonstrates a lesion with restricted diffusion
on the right lateral ventricle wall (i, arrows). This lesion is mild hyperin-
tense on the axial FLAIR image (j), but does not show contrast enhance-
ment (k). Two months later, follow-up DWI demonstrates resolution of
this lesion (l, arrow).
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In this report, objective response and stable disease were
observed in 30% of the patients, and the 2-year PFS after
nimotuzumab therapy was 19 ±8%. The OS was 35 ±9%
with a median OS of 25 months. In a study by Saurez et al.,
the study group was diagnosed with a progressive or

recurrent brain tumor, nimotuzumab was administered as
monotherapy or in combination, and the median OS was 19
months (Saurez et al. 2009). Our results were comparable
with those results. Nimotuzumab proved to offer clinical
benefits in patients with a progressive or recurrent brain

Fig. 2 a Kaplan-Meier curve for OS (overall survival) in the study group. b Kaplan-Meier curve for PFS (progression-free survival after nimotuzumab
therapy) in the study group
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tumor. While the patients were hospitalized during the oth-
er chemotherapy protocols, nimotuzumab could be admin-
istered in outpatient settings. Outpatient treatment provides
an advantage for the patients.

Nimotuzumab, a recombinant humanized monoclonal im-
munoglobulin G1 antibody binding EGFR, blocks the binding
of EGF and transforms growth factor-alpha to EGFR (Lam
et al. 2009). It was designed to be used for adult cancers of

Fig. 3 a Kaplan-Meier curve for OS (overall survival) in the MED group
(medulloblastoma, anaplastic ependymoma, primitive neuroectodermal
tumor). b Kaplan-Meier curve for PFS (progression-free survival after

nimotuzumab therapy) in the MED group (medulloblastoma, anaplastic
ependymoma, primitive neuroectodermal tumor)
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epithelial origin (Van den Eynde et al. 2011). EGFR is in-
volved in the development of high-grade astrocytic tumors
(Garrido et al. 2011; Ramos et al. 2006) and is one of the main
genetic factors affecting the prognosis of HGG. Amplification
of EGFR in childhood is to a lesser degree than in adult HGG.
HGG is an extremely aggressive lesion with poor outcomes of
patients, despite advances in the treatment with a 5-year PFS
of only 6–18% (Qaddoumi et al. 2009). Studies on HGG in
children have demonstrated the efficacy of nimotuzumab. In a
phase II trial by Bode et al., an objective response was
achieved in 14 of 46 patients with HGG (Bode et al. 2006).
The median survival time of responders and non-responders
were 10 and 3.2 months, respectively. In another report by
Sirachainan et al., the outcome of nimotuzumab-irinotecan
therapy was demonstrated in newly diagnosed HGG
(Sirachainan et al. 2017). The 5-year PFS and OS were
19.9% and 31.5%, respectively. Median survival time was
3.2 months in a phase II study by Bartels et al. (Bartels et al.
2014). In another study by Kebudi et al., the median survival
time for progressive disease and the newly diagnosed patient
group were 6 and 11 months, respectively (Kebudi et al.
2019).

In our study, the median survival time after nimotuzumab
therapy was lower than that stated in the literature. This can be
explained by using nimotuzumab as the second option in most
of our patients. Besides, we hypothesized that our HGG group
did not have EGFR overexpression.

The use of nimotuzumab in brain tumors other than HGG
has been limited. A study by Cabanas et al. reported nine
anaplastic ependymomas and six children with other tumors,
including CNS PNET, neuroblastoma, medulloblastoma, and
thalamic tumors (Cabanas et al. 2014). Although efficacy

assessment was not the aim of that study, the median survival
time for ependymomas was 52.2 months, and mean survival
time for other tumors was 26.1 months. In another study
(Saurez et al. 2009), the study group was diagnosed with a
progressive or recurrent brain tumor, and two of five patients
with ependymoblastoma were alive (one with a complete re-
sponse and another with stable disease). Similarly, in our
study, an objective response was observed in medulloblasto-
ma, CNS PNET, and anaplastic ependymoma. Besides, 2-year
PFS after the initiation of nimotuzumab treatment for this
group was 30 ±13%. Although no statistically significant dif-
ference was found between the MED and HGG groups (p=
0.055), the results of the MED group were better than the
HGG group. Although the results of the MED group were
promising, a small number of patients limited our study.

The amplification and overexpression of the EGFR family
were reported in ependymomas (Gilbertson et al. 2002) and
medulloblastomas (Gilbertson et al. 1997; Gajjar et al. 2004),
making them rational therapeutic targets. In a report by
Jakacki et al., EGFR and ERBB receptor expression in chil-
dren with refractory solid tumors was studied (Jakacki et al.
2008). The highest levels of EGFR expression were observed
in medulloblastoma and ependymoma samples. The data sug-
gested a possible role for EGFR as a therapeutic target in
pediatric medulloblastoma and ependymoma (Jakacki et al.
2008). Although we did not analyze EGFR expression in
our samples, we hypothesized that nimotuzumab responders
with medulloblastoma, CNS PNET, and anaplastic
ependymoma could have EGFR expression.

In our study, no significant adverse effects were reported.
This minimal toxicity was consistent with more recent studies
(Qaddoumi et al. 2009; Crombet et al. 2003). As compared to

Fig. 4 Comparisons of PFS
(progression-free survival after
nimotuzumab therapy) between
MED (medulloblastoma, ana-
plastic ependymoma, primitive
neuroectodermal tumor) and
HGG (glioblastoma multiforme,
anaplastic astrocytoma, diffuse
intrinsic pontine glioma) groups
(p=0.055)
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the other EGFR-targeting agents, nimotuzumab has shown
promising clinical results with fewer adverse reactions
(Crombet et al. 2003).

This study had some limitations such as retrospective na-
ture, the limited number of patients, heterogeneity of the tu-
mors, diversity of chemotherapy protocols, and lack of tissue
biopsy in one-third of the patients. Besides, none of the biopsy
specimens was analyzed for EGFR overexpression.

In conclusion, relapsed or refractory CNS tumors still have
an extremely poor prognosis. Our treatment response of me-
dulloblastoma, CNS PNET, and anaplastic ependymoma was
promising. Nimotuzumab therapy may contribute to increase
the survival of medulloblastoma, CNS PNET, and anaplastic
ependymoma. Likewise, in patients with relapsed or refracto-
ry CNS tumors, nimotuzumab may be a treatment option. The
efficacy of nimotuzumab remains to be proven in prospective
clinical trials.
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