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Abstract

Tumors of the central nervous system (CNS) represent the main cause of death
through solid tumors in children and the second most frequent neoplasm in
this patient group. The poor survival rate is due to many factors, such as the
large diversity of morphological features, the particular micro-environmental
characteristics of the nervous tissue, the relative rareness in relation to other
childhood diseases, which leads to late diagnosis and the limited effectiveness
of the available treatment options. Up until 2016, brain tumors were classified
according to their histologic features. The new 2016 World Health Organization
(WHO) Classification of CNS tumors incorporates molecular features, alongside
the immunohistology, in order to provide a more accurate understanding of the
disease. The treatment consists of surgery, radiation therapy and chemotherapy.
We decided to review the literature on this pathology, in order to show the
importance of the recent discoveries in this field.
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Pediatric tumors of the CNS
represent the main cause of death in
children aged 0-15 years, and the second
most frequent neoplasm in this patient
group, being surpassed only by leukemia.
They represent a strenuous challenge
for the pediatric oncologist, regarding
the diagnosis and treatment, but also
the management of the side effects or
sequelae [1].
The causes of brain tumors in
children can be divided into two broad
groups: hereditary and non-hereditary
causes. Hereditary causes and the
exposure to ionizing radiation constitute
the known causes for pediatric tumors of
the CNS. Certain syndromes are known
to be associated with the development of
brain tumors. Type 1 neurofibromatosis
is the most common, but other
syndromes may also be the cause, such
as: neurofibromatosis type 2, tuberous

sclerosis type 1 and 2, von Hippel Lindau
syndrome, Li Fraumeni syndrome,
nevoid basal cell carcinoma syndrome,
Turcot’s syndrome, ataxia-telangiectasia
syndrome and Down syndrome [2,3]. The
non-genetic factors are represented by:
therapeutic exposure to ionizing radiation,
in utero- exposure to an atomic explosion,
immunologic deficiency states (HIV,
post transplantation immunodeficiency),
tobacco smoke, exposure to organic
compounds or nitrosamines [4]. From
an anatomical point of view, brain
tumors can be placed in two categories:
supratentorial and infratentorial lesions.
The most frequent supratentorial tumors
are astrocytomas, ependymomas, gliomas,
embryonal tumors, choroid plexus tumors,
meningiomas, and germ cell tumors.
The most frequent infratentorial tumors
are: medulloblastomas, astrocytomas,
ependymomas and gliomas [5].
From 2007 until 2016, brain tumors
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were classified according to their immunohistochemical
features. The new 2016 World Health Organization (WHO)
Classification of Tumors of the Central Nervous System
adds molecular parameters to histology, thus providing a
more accurate diagnosis and prognosis [6]. Several entities
have been defined by the new classification, while others
have been removed. An important addition has been made
regarding glioblastomas. The new classification divides
glioblastomas according to the isocitrate dehydrogenase 1/2
(IDH) gene status, into wild type and mutant glioblastoma.
In adults, IDH mutant glioblastoma patients have a
5-year-old survival rate of approximately 80%. However,
in children the role of the IDH gene status has yet to be
proven. Another newly defined entity is the diffuse midline
glioma-histone H3 K27M mutant. The K27M mutation
is a missense mutation, which leads to the alteration of
histone 3, resulting in two different variants: H3.3 and
H3.1. These mutations lead to epigenetic alterations of
the histones and block glial cells from differentiating,
thus becoming oncogenic promoters. Children suffering
from diffuse midline glioma-H3 K27M mutant, have a
worse prognosis than the ones without the mutation [7].
The nosological shift in defining ependymomas has led
to the addition of ependymoma-RELA fusion positive,
to the classification. This entity accounts for almost 70%
of all supratentorial childhood ependymomas and has a
poor prognosis. Following the development of the RELA
fusion, the NFkB pathway is pathologically activated,
resulting in methylation deficiencies. RELA fusion positive
ependymomas have a worse prognosis than the others. The
classification of medulloblastomas has also suffered some
changes, consisting of the addition of two new genetically
different tumors: WNT-activated and Sonic Hedgehog
(SHH)-activated medulloblastoma. The WNT-activated and
SHH-activated medulloblastoma are mutually exclusive and
have different disease outcomes. WNT- medulloblastomas
are usually diagnosed in children older than 5 years and
have a favorable prognosis, while SHH-activated tumors
develop in children younger than 4 years old, and are
associated with poor survival rates [8]. The embryonal
tumor with multilayered rosettes, C19MC-altered, is also
one of the entities newly added to the 2016 classification.
This comprises three histologically diverse, but molecularly
similar tumors: embryonal tumor with abundant neuropil
and true rosettes (ETANTR), ependymoblastoma (EBL) and
primitive neuroectodermal tumor (PNET). The similarity
consists of: poorly differentiated cellular populations, of
the presence of multilayered rosettes and the amplification
of C18MC locus [9].
The sole purpose of this classification at the present
time is to facilitate an accurate diagnosis and prognosis.
In the future, the aim of identifying the molecular patterns
of these tumors, is to provide targeted therapies, in order
to improve survival rates for this highly aggressive disease
[10].

The aim of this paper is to review the literature on
this pathology, in order to show the importance of the recent
discoveries in this field and to highlight the importance of
the molecular diagnosis.

Methods

The research was performed on the PubMed
database. The following keywords were used for the initial
search: ”malignant brain tumors, children”. Only articles
published between 2016 and 2020 were taken into account.
We retrieved 873 papers, both reviews and clinical trials.
We added the following filters: “Full text”, “English”,
“Child:0-18 years”, “Cancer”, thus obtaining 556 results.
Two exclusion criteria were applied: children only receiving
palliative care, side effects (this will be the topic of a future
study). As a result, we obtained 442 papers.

Results

Medulloblastoma
Medulloblastoma is the most frequent malignant
pediatric brain tumor, representing approximately 20% of all
CNS cancers in children aged 0-14 years. Medulloblastomas
have a higher occurrence between the ages 3-4 and between
8-10 years of age and boys develop the tumor 3 times more
often the girls [11]. The origin of this tumor is thought to
be in the cerebellar stem cells, that have not yet progressed
towards differentiation. The metastases spread in the CNS
through the cerebrospinal fluid, but can also arise in extra
neural tissues. There is a well-documented association
between medulloblastoma and certain syndromes: Gorlin
syndrome (PCTH1 gene and SUFU gene mutations), Turcot
syndrome (APC gene mutation), Li-Fraumeni syndrome
(TP53 gene mutation).
The new WHO 2016 Classification of brain tumors
divides medulloblastomas into 4 types, according to the
immunohistological but also molecular characteristics:
WNT/β-catenin, Sonic Hedgehog, Group 3, and Group
4. Within these 4 groups certain transcriptionally distinct
subgroups can be identified. Recurrent signaling pathways
disrupted in medulloblastomas are: TGF-β, MYC, Notch
and BMP. Mutations present in certain individuals with
medulloblastoma are: SMARCA4, DDX3X, PTCH1,
MLL2, CTDNEP1, KDM6A, TBR1 [12]. WNT activated
medulloblastomas most frequently arise in children
aged 6-10 years and have good overall survival rates
(approximately 90%). It is thought that WNT activated
medulloblastomas have good survival rates due to the
defective blood brain barrier in these tumors, which
allows chemotherapy to reach the lesion more efficiently
[13]. SHH activated medulloblastomas arise in infants
and adults and have poorer survival rates compared to the
WNT group (approximately 70%). Within this category,
patients are divided according to the TP53 gene status into
high and standard risk groups. Patients exhibiting the TP53
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gene mutation have a higher risk than those with wild type
TP53 gene status. Groups 3 and 4 are both WNT and SHH
negative. They express a wide range of genetic alterations,
and are still under study. Group 4 medulloblastomas have
survival rates of approximately 90%, while group 3 tumors
have a much lower survival rate of approximately 50% [14].
The symptoms at presentation may include:
headache, nausea, photophobia, ataxia, dysmetria, wide
based and staggering gait, diplopia, strabismus. The golden
standard for diagnosis is brain and spinal cord MRI and
cerebrospinal fluid analysis. Treatment options include
surgery, radiation therapy and chemotherapy. The aim of the
surgical treatment is to obtain full resection of the tumoral
mass and to reestablish the flow of the cerebrospinal fluid.
Depending on the surgical result, age and risk group,
patients follow different radiation therapy regimens. If the
residual tumor volume is smaller than 1.5 cm2, and there are
no metastases, the risk is average. If the patient is metastatic
at diagnosis, or if the residual volume is greater than 1.5
cm2, the risk is high. Patients under 3 years of age do not
undergo radiation therapy. Older patients receive external
radiation to the craniospinal axis (ranging from 23.4 to 36
Gy) and a boost to the posterior fossa (54-55,8 Gy) [15].
The used chemotherapy regimen is HIT2000, which allows
for a differentiated treatment according to different risk
categories, and includes: Vincristine, Cyclophosphamide,
Methotrexate, CCNU, Etoposide, Carboplatin. Second line
chemotherapy is represented by the following protocols:
HIT REZ, TEMIRI. The MEMMAT trial has prooven the
efficiency in treating metastasis or local recurrent disease
with metronomic therapy. High dose chemotherapy
continued with autologous bone marrow transplantation
is a valid option for treating the relapse or infants. The
treatment related side effects include: posterior fossa
syndrome, hearing deficiency, endocrine deficiency,
cerebrovascular disease or a second malignancy. After
the end of the oncological treatment, patients need to be
monitored through brain and spinal cord MRI every 3
months for the first two years, every 4 months in the 3rd and
4th year and then every 6 months [16].
Novel treatment options currently under study
include: 177-Lu-DTPA-Omburtamab (ClinicalTrials.
gov identifier NCT04167618), Vismodegib/GDC-0449
(ClinicalTrials.gov identifier NCT01239316), Silmitasertib
Sodium/CX-4945
(ClinicalTrials.gov
identifier
NCT03904862).
Embryonal tumors
The embryonal tumors of the central nervous
system are a large group of histologically diverse
neoplasms. They are poorly differentiated and highly
aggressive, accounting for approximately 15% of all
pediatric brain tumors. The new WHO 2016 classification
of brain tumors uses molecular parameters in addition to
histology and groups the following entities as embryonal
brain tumors: medulloblastoma, atypical rhabdoid/
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theratoid tumors(AT/RT), pinealoblastoma, embryonal
tumor with multiple rosettes (ETMR)/C19MC-altered
tumors, medulloepitheliomas, CNS neuroblastoma,
CNS ganglioneuroblastoma, CNS embryonal tumor non
otherwise specified (NOS), CNS embryonal tumor with
rhabdoid features.
a. Embryonal tumors with multiple rosettes
(ETMR)/C19MC-altered
The embryonal tumor with multiple rosettes
(ETMR), C19MC-altered is a new entity acknowledged
by the 2016 WHO classification of CNS tumors. It
comprises 3 histologically different malignancies formerly
known as embryonal tumor with abundant neuropil
and true rosettes (ETANTR), ependymoblastoma and
primitive neuroectodermal tumor. Although histologically
heterogenous, these tumors have a similar molecular
landscape, defined by the amplification of the C19MC region
on chromosome 19 (19q13.42) [9]. ETMR-s are highly
aggressive malignancies (WHO grade IV), that primarily
affect children younger than 4 years of age, and despite the
complex treatment options, have a grim prognosis (5-year
event free survival rates are 19–38%) [17].
The clinical presentation may consist of: nausea,
vomiting, seizures, cranial nerve palsy, weakness, ataxia,
motor or sensory impairment [18]. The golden standard
for diagnosing and staging AT/RT is contrast enhanced
brain and spinal cord MRI. The treatment consists of:
surgery, chemotherapy, radiation therapy and high dose
chemotherapy followed by stem cell rescue. The surgical
treatment aims to fully resect the tumor and to reestablish
the flow of the cerebrospinal fluid. For children older than 3
years of age, the golden standard is represented by intensity
modulated radiation therapy (IMRT). The standard dose for
craniospinal axis radiation is usually 36Gy, while the dose
used in tumor bed radiation is 56Gy. In children younger
than 3 years of age, radiation to the craniospinal axis could
lead to life long side effects, therefore other treatment
options are under study.
Bailey reports favorable results in three children
treated with 131I-Omburtamab infused intraventricularly
through Ommaya reservoirs. Targeted radioimmunotherapy
represents one promising new treatment option, that
requires further studies [19].
b. Atypical rhabdoid/theratoid tumors
Atypical rhabdoid/theratoid tumors represent a
highly agressive type of embryonal tumor, accounting for
aproximately 2% of all childhood brain neoplasms. Roughly
2/3 of the patients are younger that 3 years of age at diagnosis
[20]. The pathognomonic genetic alteration is represented
by mutations of SWI/SNF related, matrix associated,
actin-dependent regulator of chromatin, subfamily B,
member 1 gene (SMARCB1). In rare cases, which lack
the SMARCB1 gene, SWI/SNF related, matrix associated,
actin-dependent regulator of chromatin, subfamily A,
member 4 (SMARCA4) mutations can be identified. Both
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SMARCB1 and SMARCA4 lead to alterations of the
SWI/SNF pathway, resulting in alterations of the genomic
landscape. There are three types of molecularly- defined
subgroups of atypical rhabdoid/theratoid tumors: AT/RTTYR, AT/RT-SHH, AT/RT-MYC. Within these groups, the
locations in the brain, as well as the gene expression are
simmilar. AT/RT-TYR subgroup is characterised by young
age at the time of diagnosis (0-1 years), infratentorial
location, SMARCB1 deletions in most patients, high
expression of Microphthalmia-associated transcription
factor (MITF), Tyrosinase gene (TYR) and Dopachrome
Tautomerase gene (DCT) and a hypermethylated genome.
AT/RT-SHH subgroup exhibits SMARCB1 deletion in a
few cases, both supra- and ifra-tentorial locations, Sonic
Hedgehog (SHH) signaling expression, hiperexpression
of MYCN and GLI2, NOTCH signaling activation and a
hypermethylated genome. Tumors belonging to the AT/
RT-MYC subgroup most frequently arrise in older children
and are located supratentorially. They are characterised by
SMARCB1 deletion in a few of the cases, highly expressed
MYC oncogene, HOX cluster and HOX Transcript
Antisense RNA (HOTAIR) genes [21]. The molecular
simmilarities within these subgroups suggest that AT/RT
may derive from different precursor cells.
Symptoms may include: fatigue, nausea, headache,
ataxia, wide based and staggering gait, cranial nerve palsy,
seizures, behavioral alterations [22]. The golden standard
for diagnosing and staging AT/RT is contrast enhanced
brain and spinal cord MRI. The multimodality treatment
consists of surgery, radiation therapy and chemotherapy.
Obtaining full gross resection of the tumor leads to better
prognosis. Radiation therapy doses range from 24.0 to 36.0
Gy to the craniospinal axis, and from 30.0 to 56.0 to the
tumor bed. In patients younger than 3 years of age, RT doses
used on the tumor bed are significantly lower, ranging from
41.8 to 50.4 Gy. The challenges in using craniospinal axis
radiation in children younger than 3 years old reside in the
severe neurocognitive and endocrine sequalae. Postponing
radiation therapy by administering chemotherapy has
shown no effectiveness in treating AT/RT [23]. Intrathecal
administration of chemotherapy and concomitant radiation
of the tumor bed has proven itself effective, but further
studies must be conducted. Chemotherapy consists of
Ifosfamide, Cisplatin, and Etoposide (ICE) for children
younger than 3 years old, and Carboplatin, Thiotepa, and
Etoposide, or Cyclophosphamide and Melphalan (HDCT),
followed by autologous bone marrow cell rescue. Long
term event free survival rates are dismal, the median
survival being 9.4 months.
Tyrosine kinase inhibitors show great promise in
treating AT/RT. Retinoids and Cyclin-inhibitors may also
prove themselves to be efficient therapeutic agents in the
future [24].
Ependymoma
The ependymoma is the third most frequent brain

neoplasm in children, accounting for 6-10% of all child
brain tumors. The cell of origin is thought to be the
epithelial cells lining the cerebral ventricles or the spinal
cord central canal. In children, the ependymoma develops
in the brain, in 90% of the cases, of which two thirds are
infratentorial and one third supratentorial tumors. The
initial symptoms may include: fatigue, nausea, headache,
ataxia, wide based and staggering gait, cranial nerve palsy,
seizures and behavioral alterations [25].
The WHO 2016 classification of brain tumors
divides ependymomas into 3 grades, according to the
aggressiveness in the histological pattern. Grade I includes
subependymomas and myxopapillary ependymomas.
Grade II includes the classic ependymoma (cellular,
papillary and tanycytic subtypes) and the ependymoma,
RELA fusion positive. Grade III is represented by
anaplastic ependymomas. Molecularly, ependymomas are
classified into 4 categories: RELA fusion positive, YAP-1
fusion positive, PF-A and PF-B [26]. More than 70% of
all supratentorial ependymomas in children express the
RELA-fusion gene, thus proving that all supratentorial
tumors should be tested for the RELA-fusion gene.
Almost ¾ of RELA-fusion positive ependymomas have an
anaplastic histology. RELA fusion positive ependymomas
have a grim prognosis compared to the YAP1-positive
ependymomas. Other prediction factors are: histologic
grade, p53 expression, young age and extent of resection.
The golden standard for diagnosing and staging
ependymomas is contrast enhanced brain and spinal cord
MRI. Treatment options include surgery, radiation therapy
and chemotherapy. The aim of the surgical treatment is to
obtain full resection of the tumoral mass and to reestablish
the flow of the cerebrospinal fluid. If the tumor is nonresectable, a biopsy should be performed. Depending on the
surgical result, age and risk group, patients follow different
radiation therapy regimens. IMRT is the golden standard
for treating children older than 3 years of age, with doses
ranging from 50.4 to 59.4 Gy. Treating children under 3
years with IMRT, could lead to severe neurocognitive
and sensory side effects. The consensus of postponing
radiation therapy in children younger than 3, has led to
poor therapeutic results, particularly in cases where there is
more than 1 year between surgery and radiation treatment.
Proton‐beam radiation therapy has the advantage of sparing
healthy tissue, in comparison to photon-beam radiation
therapy. Some studies suggest that children treated with
proton‐beam radiation therapy have comparable 3-year
progression free survival rates as children treated with
IMRT [27]. The first line chemotherapy regimen is
HIT2000. Second line chemotherapy is represented by
the HIT REZ protocol. Follow up protocols recommend
monitoring patients through brain and spinal cord MRI
every 3 months for the first two years, every 4 months in
the 3rd and 4th year and then every 6 months [8].
Some of the treatment options under investigation

MEDICINE AND PHARMACY REPORTS Vol. 94 / No. 3 / 2021: 282 - 288

285

Oncology
are: Infusion of 5-Azacytidine (5-AZA) Into the Fourth
Ventricle in Patients With Recurrent Posterior Fossa
Ependymoma (NCT03572530), Immunotherapy for
Recurrent Ependymomas in Children Treatment for
Recurrent Ependymomas Using HLA-A2 Restricted
Tumor Antigen Peptides in Combination With Imiquimod
(NCT01795313), Everolimus for Children With Recurrent
or Progressive Ependymoma (NCT02155920).
Low grade gliomas
Low grade gliomas are the most common pediatric
brain tumors, with a peak of occurrence between ages 6
and 11. They originate in the glial cells of the central
nervous system and have an indolent behavior, being
classified as WHO grade I and II. This heterogeneous
group of tumors encompasses, according to the new WHO
2016 classification, a number of 10 histologically diverse
neoplasms. These neoplasms are represented by: pilocytic
astrocytoma (grade I), subependymal giant cell astrocytoma
(grade I), IDH mutant diffuse astrocytoma (grade II), IDH
mutant or 1p/19q deletion oligodendroglioma (grade II),
pleomorphic xanthoastrocytoma (grade II), angiocentric
glioma (grade I), choroid glioma of the third ventricle(
grade I or II), gangliocytoma (grade I), ganglioglioma
(grade I or II), desmoplastic infantile astrocytoma and
ganglioglioma (grade I) [28].
The most frequent localization of this neoplasm is
in the posterior fossa, accounting for 15-25% of the cases.
Tumors arise in the brain hemispheres with a frequency
of 10-15%, making optic pathways the rarest localization
(6%). Symptoms may include: nausea, headache, seizures,
motor deficit, loss of sight, nystagmus, ataxia, gait. Patients
suffering from neurofibromatosis and tuberous sclerosis
have a predisposition for developing low grade gliomas.
Approximately 20% of type 1 neurofibromatosis patients
develop gliomas at one point in their life, however these
tumors are less aggressive than their counterparts in patients
not suffering from NF1 [29].
The golden standard for diagnosing and staging low
grade gliomas is contrast enhanced MRI of the brain and
spinal cord. The staging is done according to the Chang
system, into 4 stages. The treatment options include surgery,
chemotherapy and radiation therapy. The aim of surgery is
to obtain full resection of the tumoral mass. If this is not
obtained, patients may undergo nonsurgical treatments. The
line 1 chemotherapy regimen used is SIOP-LGG 2004. The
line 2 chemotherapy regimens are: SIOP LGG, Vinblastine,
Temozolomide, Bevacizumab/IRI. The radiation treatment
consists of IMRT. For children over 4 years of age the mean
doses are 54 Gy for brain tumors and 50.4 Gy for spinal
tumors. There is a lot of controversy around the matter of
treating children under 4 years of age with IMRT. Proton
beam radiation therapy is under study. Patients should be
followed up through MRI every 3 months for the first 2
years, every 6 months for the next 3 years and then once a
year for the next 5 years [10].
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New targeted tratment options are under study:
Dabrafenib, Trametinib and Hydroxychloroquine for
Patients With Recurrent LGG or HGG With a BRAF
Aberration (NCT04201457), Bevacizumab and Irinotecan
in Treating Young Patients With Recurrent, Progressive,
or Refractory Glioma, Medulloblastoma, Ependymoma, or
Low Grade Glioma (NCT00381797). Polyepitopic vaccines
are also under study for this pathology: A Pilot Study of
Glioma Associated Antigen Vaccines in Conjunction with
Poly-ICLC in Pediatric Gliomas (NCT01130077).
High grade gliomas
High grade gliomas are highly aggressive tumors
and account for 3-7% of all pediatric brain tumors. The peak
incidence is during adolescence. The corresponding WHO
grades are III and IV. They are derived from astrocytes and
oligodendroglial cells. The group of high-grade gliomas
comprises a number of 7 histologically diverse neoplasms.
They are represented by: anaplastic astrocytoma (grade
III), IDH wild type glioblastoma (grade IV), IDH mutant
glioblastoma (grade IV), H3K27M mutant difuse midline
glioma (grade IV), IDH mutant and with 1p/19 q codeletion anaplastic oligodendroglioma (grade III) and
pleomorphic anaplastic xanthoastrocytoma (grade III) [30].
Genetic testing includes the following genes: IDH, BRAF
(epithelioid glioblastoma), MYC (glioblastoma with PNET
components), EGFR (small cell and granular glioblastoma),
H3K27M (difuse midline glioma) [31].
Symptoms appear over a short period of time, due to
the high growth rate of the tumor. Symptoms may include:
nausea, headache, seizures, motor deficit, loss of sight,
nystagmus, ataxia, gait. The golden standard for diagnosing
and staging high grade gliomas is contrast enhanced MRI
of the brain and spinal cord. Surgery is the main treatment
tool. Obtaining full resection of the tumor is often impossible
because of the involvement of vital structures. Chemotherapy
consists of HIT –GBM D, temozolomide and Bevacizumab
with Irinotecan. Radiation therapy for children older than 3
years of age consists of IMRT. Doses range from 54 to 60
Gy. Patients suffering from high grade gliomas have a poor
prognosis. The 5-year-old disease free survival rates range
from 15 to 35%. Post treatment follow up consists of brain
and spinal cord MRI every 3 months [32].
There are several tyrosine-kinase inhibitors under
study, in combination with other antineoplastic agents:
Study of the Combination of Crizotinib and Dasatinib in
Pediatric Research Participants with Diffuse Pontine Glioma
and High-Grade Glioma (NCT01644773), Pilot Study of
Cabozantinib for Recurrent or Progressive High-Grade
Glioma in Children (NCT02885324). Other novel therapies
under investigation are: Intra-tumoral Injection of Natural
Killer Cells in High-Grade Gliomas (NCT04254419),
Adoptive Cellular Therapy in Pediatric Patients with Highgrade Gliomas (NCT03334305), Antineoplaston Therapy
in Treating Children with Recurrent or Refractory HighGrade Glioma (NCT00003535).
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Germ cell tumors of the brain
Germ cell tumors are a relatively rare disease in
children and represent approximately 4% of all pediatric
brain tumors. They are most common between ages 1015 years. They occur due to a faulty migration of the
mesoderm and most commonly develop along the midline,
either involving or in the vicinity of the pituitary gland and
suprasellar region.
The WHO 2016 classification divides this pathology
into 2 large categories: pure germ cell tumors and mixed germ
cell tumors. There are 7 types of mixed germ cell tumors:
embryonal carcinoma, yolk sack tumors, germinoma,
teratoma, teratoma with malignant transformation and
mixed germ cell tumor. Children suffering from Down
syndrome or Klinefelter syndrome have a predisposition for
developing germ cell tumors. Signs and symptoms include:
headache, nausea, vomiting, endocrinologic deficiencies,
loss of sight, bitemporal hemianopsia, diplopia [33].
The golden standard in staging and diagnosing
germ cell tumors is represented by contrast enhanced
brain and spinal cord MRI, followed by cerebrospinal
fluid Alpha-fetoprotein (AFP) and β-Human Chorionic
Gonadotropin (β-HCG) evaluation. The treatment options
are represented by surgery, chemotherapy and radiation.
The aim of the surgery is to obtain full resection of the
tumor and to reestablish the flow of the cerebrospinal
fluid. The chemotherapy regimen in use is SIOP CNS
GCT II. Radiation therapy protocols are very different
and are established according to histology, the surgical
result and the age. Total radiation doses range from 24 to
54 Gy. Patients should be followed up through MRI and
serum markers every 3 months during the first year, every
6 months for the following 2 years and then once a year for
at least 2 more years [34].
Some of the ongoing studies trying to identify
new treatment options are: Gemcitabine, Paclitaxel and
Oxaliplatin (NCT01270724), Chemotherapy Followed
by Radiation Therapy in Treating Younger Patients With
Newly Diagnosed Localized Central Nervous System
Germ Cell Tumors (NCT01602666).

Conclusion

In the past decades, the survival rates in pediatric
malignancies have been significantly improved.
Unfortunately, childhood brain tumors do not fall under the
same category. This is due to late diagnosis, rapid tumor
extension and the shortcoming of antineoplastic agents
capable of penetrating the blood-brain barrier. The WHO
2016 classification adds molecular parameters to the classic
histology, thus demonstrating that although histologically
similar to the adult version, pediatric brain tumors have
very different genetic landscapes. Understanding the
alterations in the tumoral signaling pathways is not only
the key to developing more accessible diagnostic tools,

but also a pivotal element in providing personalized
targeted therapies. The current trend is to replace genetic
examinations with the cheaper, more feasible alternative
represented by immunohistochemistry. This may however
prove to be a difficult task, since providing a correct
genomic and epigenetic description of these tumors still
requires delicate and complex techniques. The newly
emerged diagnostic subgroups do not have any implications
in the therapeutic approach yet as they only provide a more
accurate diagnosis and prognosis. Although somewhat
difficult to understand and identify, these new subgroups
will lead to a more personal treatment approach, consisting
of surgery, radiation therapy, chemotherapy and small
molecule inhibitors. As the targeted molecular therapies
are slowly taking over the classical oncological therapies,
childhood brain tumors will most likely benefit from this
more efficient treatment option in the near future.
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