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Brain tumors in the first two years of life
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Abstract

Background: Brain tumors in the first years of life are frequently encountered recently with the advancement in neu-
roimaging, neurosurgery and neuroanethesia where early diagnosis of these lesions became available even before
birth. Their management is challenging where the surgery is technically demanding, radiotherapy is omitted in this
age because of its late sequelae and chemotherapy role may be beneficial, but it is limited also by its side effects and
neurotoxicity. The aim of this article is to review the current literature about the brain tumors in the first two years of
life, their diagnosis and treatment.

Main body: Brain tumors in the first two years of life encompass mainly fetal/congenital tumors and infantile tumors.
They account for 1.4-18% of cases of pediatric brain tumor, and most of them are diagnosed in the first year of life.
The main histopathologies diagnosed are glial tumors, choroid plexus tumors, medulloblastoma and other embryonal
tumors, teratoma and ependymoma. They are mainly supratentorial. Large head and bulging fontanelles are the main
presenting symptoms and signs secondary to increased intracranial pressure secondary to large tumors or associ-
ated hydrocephalus. Prenatal and postnatal ultrasonography represents the initial imaging step in the diagnosis that
should be complemented by MRI and CT brain. The main and first line of treatment of infantile brain tumors is surgical
excision as the prognosis is directly related to the extent of resection besides surgery offers specimens for histopatho-
logical diagnosis and adjuvant chemotherapy is given for residual irresectable cases and malignant tumors with the
main aim to delay radiotherapy beyond the age of three years.

Conclusion: Brain tumors in the first two years of life are a challenging group of different histopathological entities
with underlying specific molecular characterization and genetic predispositions. They have aggressive behavior and
general poor prognosis with limited options of management. Individualized multidisciplinary management for each
case is needed, and future studies for therapeutic medications targeting underlying molecular biology may improve

their outcome.
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Introduction

Brain tumors in the first years of life are frequently
encountered recently with the advancement in neuro-
imaging, neurosurgery and neuroanethesia where early
diagnosis of these lesions became available even before
birth, and their safe resection can be attempted with an
accepted outcome. However, the occurrence of brain
tumors in these early years of life is a challenging situ-
ation for both neurosurgeon and pediatric oncologist,
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and the neurosurgeon is confronted with an infant who
has a limited blood volume and harbors a mostly malig-
nant large lesion that must be resected or maximally
debulked because of the age limitations of chemother-
apy and brain irradiation, while the pediatric oncologist
is faced with a very young child who must receive an
adjuvant therapy with its immediate and remote com-
plications. Children irradiation was clearly found to
be correlated with delayed mental sequelae and endo-
crinopathies besides the high carcinogenic risk that
was found to be higher with very early exposure in life
and it may persist throughout life. Chemotherapy neu-
rotoxicity and its associations with the development
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of leukoencephalopathies have been reported. These
tumors have poor prognosis and more aggressive
behavior that made them with their challenging man-
agement a special entity in the field of pediatric neuro-
surgery. The aim of this article is to review the current
literature about the brain tumors in the first two years
of life, their diagnosis and treatment.

Main text

Definitions, incidence and epidemiology

Brain tumors in the first two years of life encompass
mainly fetal/congenital tumors and infantile tumors.
Congenital tumors are not a universally accepted term
and lacks clear definition, and it refers mainly to those
tumors that are developed in the intrauterine life and
are detected in utero [1] or early neonatal period and
some consider them as definitely, probably and possibly
congenital based on whether they occur at birth, within
the first week of life or within the first six months of life
[2], while some had extended these periods to be defi-
nitely congenital if diagnosed at birth or the first two
weeks, probable if detected during the first year and
possibly congenital when diagnosed beyond the first
year when symptoms can be traced back to the first
year of life [3] also some authors had pointed to tumors
that may be congenital but presented later in infancy as
teratomas or medulloblastomas [4, 5]. Infantile tumors
in different series also are described to be in the first
year of life only [6-10], while others extend this period
to two years [11-13] and because these tumors are usu-
ally diagnosed late after prolonged period of symptoms
so some authors add cases below three years [4, 14—16]
considering all these tumors to start in the infantile
period but diagnosed later so they were considered to
be the same entity.

Brain tumors in infancy and early childhood, once
thought to be rare, have been discovered more frequently
in the last decades which may be related to advancement
in imaging techniques and prenatal ultrasound [17],
and they account for 1.4—18% of cases of pediatric brain
tumor [4, 5, 7, 8, 13, 18-21], and most of them are diag-
nosed in the first year of life.

The incidence of different histological types was found
to be heterogeneous within different series, and this was
correlated with racial factors [22] where the most com-
mon tumor in Europe, USA, Canada, Mexico, Argentina,
Japan and the Far East was astrocytoma [15]. Choroid
plexus tumors were the most common in Egyptian and
Indian series [22, 23]. Medulloblastoma was the com-
monest in Saudi Arabia [24], and primitive neuroectoder-
mal tumor is the most common in series from Germany

[15].
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Histopathology and location

Being a rare entity, most of series in the literature about
brain tumors in early life are relatively small and this can
explain the heterogenicity between different studies in
the literature about the commonest diagnosed histopa-
thology and also these series were varied in their study
groups where some were focusing on neonatal period
or first year of life where others had extended their
research to include all children below three years of life,
so astrocytoma was the commonest in some [11, 13, 25],
medulloblastoma in others [8, 26, 27], other investiga-
tors described choroid plexus tumors to be more com-
mon [22, 23, 28] and teratoma was named by others to
represent about third of the diagnosed congenital tumors
[21, 29, 30]. Primitive neuroectodermal tumors(PNET)
account for the majority of pathological diagnoses in
some other series [4, 6, 31].

Di Rocco et al. had previously listed the ten most com-
mon brain tumors in infancy that were, in a descending
order, astrocytoma, medulloblastoma, ependymoma,
choroid plexus papilloma, primitive neuroectodermal
tumor (PNET), teratoma, sarcoma, meningioma, gan-
glioglioma and neuroblastoma [32]. While in a recent
review, teratoma was found to be the most common con-
genital tumor followed by gliomas and choroid plexus
papillomas, while embryonal tumors including medul-
loblastomas and atypical teratoid/rhabdoid tumors
(ATRTs) are less frequent [33]. Ependymoma is another
subtype that is diagnosed also in infants [34] although its
incidence is higher under the age of four years [33]. Pin-
ealoblastomas and craniopharyngiomas are other tumors
that are encountered more rarely in this age group [25,
35].

The relation between the age and histopathalogy was
pointed to in an epidemiological study that examined 75
case of brain tumors under the age of three years, and the
author concluded that the most common tumors in the
first year of life was PNET, while in the second year astro-
cytomas and ependymomas were most common and
astrocytoma was the most frequent diagnosed pathology
during the third year of life [15], and it was found that
the histological heterogenicity from malignant to benign
tumors was higher in neonates and infants compared to
older children.

Tumors in this age group are predominantly supraten-
torial [10, 13, 22, 31, 36], and although some reported
that supratentorial location is the commonest in the
first year, then the ratio of supratentorial to infratento-
rial locations tends to be reversed in the second year and
third year of life [37], the pooled data from most of other
studies showed a higher tendency for supratentorial loca-
tion in the first two or three years of life. However, there
is nearly almost a consensus that brain tumors occurring
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infratentorial in this age group are malignant in contrast
to supratentorial location where benign tumors predomi-
nate [6, 31, 38].

Most of these tumors were found to occupy midline
structures than to be laterally located where cerebellar
vermis and fourth ventricles below the tentorium and
chiasmatic / hypothalamic region above the tentorium
were the most topographic locations reported [37]. It was
suggested that this finding is mostly related to the fact
that most neuroectodermal tumors in very young chil-
dren arise from phylogenetically older structures of the
central nervous [39]. In studies where lateralized tumors
were more common than midline ones entailed higher
number of choroid plexus tumors that occupied lateral
ventricles mainly [22].

Cytogenetics and molecular pathways
The occurrence of brain tumors in infants sheds light on
the fact that there is a minimal time of exposure to any
exogenous factors that predispose to oncogenesis pro-
cess, and thus, there may be a possible role of genetic pre-
disposition in the causation of these tumors. Although
chromosomal abnormalities detected in pediatric brain
tumors may be non-specific, they are different from
those detected in brain tumors in adults. The most com-
mon abnormality in medulloblastoma (in about 60—-70%)
is the total or partial loss of chromosome 17 [40]. Dele-
tions involving 17p and absence of c-myc or N-myc
amplifications have been reported in cerebral PNETs
[41]. Deletions in chromosome 1 are found in childhood
astrocytoma [42]. There is a high incidence of monosomy
22 associated with atypical teratoid/rhabdoid tumor [43].
Epigenetics is gaining a great concern in pediatric
brain tumor pathogenesis, and although the existence of
certain epigenetic features in infants is still unknown, it
represent an important field of study for its diagnostic
and therapeutic implications where several studies have
revealed that a specific miRNA signature or DNA meth-
ylation profile could help distinguish a tumor subgroup
with a consequent peculiar therapeutic approach in
pediatric brain tumors as the specific miRNA expression
that was detected in an atypical teratoid/rhabdoid tumor
(ATRT), an ependymoma, medulloblastoma, and both
low and high grade astrocytomas [44, 45], besides many
studies on molecular pathways in choroid plexus tumors
that showed a great understanding of its biology and the
potential druggable targets in these tumors especially
choroid plexus carcinoma of infants [46].

Clinical presentations

Large head and bulging fontanelles are the main present-
ing symptoms and signs secondary to increased intrac-
ranial pressure secondary to large tumors or associated
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hydrocephalus [6, 13, 27, 36]. The manifestations some-
times are non-specific owing to open fontanelles and
non-fused sutures which permits skull expansion which
makes detection of positive signs in the new born and
young children is and many infants with manifestations
of failure to thrive, vomiting, irritability, and delayed
milestones are subjected to delayed diagnosis [16, 33, 47].

Some cases especially in the second year of life may
present with focal neurological manifestations as weak-
ness, cranial nerve affections or seizures [16, 30].

Suprasellar hypothalamic gliomas in this age may pre-
sent with precocious puberty or diencephalic syndrome
[13].

Some reports referred to presentations related to rap-
idly growing tumors before labor that lead to severe mac-
rocranium with difficult or premature labor, dystocia or
even still birth mainly intracranial teratomas, primitive
neuroectodermal tumors (PNETs) and glioblastomas [48,
49].

Hemorrhage in the tumors is another presentation in
this age group, and it was reported to be the initial pres-
entation in 3-18% of cases. Congenital brain tumors
were reported to have a high tendency to bleed intratu-
morally especially astrocytoma, medulloblastoma and
PNET [50, 51]. It was suggested that imposing a rapidly
changing pressure forces on the head of the neonate dur-
ing delivery may be responsible for hemorrhage and as a
result of repeated bleeds the space occupying effect of the
tumor is enlarged [51]. So when a spontaneous intrac-
ranial hemorrhage is found, an underlying neoplasm
should always be excluded [2].

Tumors in the neonatal and infantile periods are often
a part of a familial syndrome or associated with congeni-
tal anomalies. In a review done by Wakai et al. [49], 11.5%
of neonatal brain tumors had associated anomalies of
various nonspecific types. Teratomas was reported to be
associated with hydrocephalus, cleft lip and palate, prop-
tosis, and anencephaly [29, 33]. Some tumors are parts of
familial syndromes as optic pathway tumors in neurofi-
bromatosis type 1, meningiomas in neurofibromatosis
type 2, PNET in Li-Fraumeni syndrome, and subependy-
mal giant astrocytoma occurs with tuberous sclerosis
[30]. Medulloblastoma was reported to have an incidence
of 3.6% in Gorlin syndrome which is an autosomal domi-
nant syndrome with multiple basal cell carcinomas, jaw
cysts, and vertebral abnormalities. The incidence of this
syndrome in medulloblastoma is 1-2% [52].

Imaging and diagnosis

Some features of congenital or fetal tumors can be
detected in the prenatal ultrasound especially in the third
trimester. The most common features are polyhydram-
nios and macrocephaly [30, 53]. Polyhydramnios occurs
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due to decreased swallowing secondary to a hypotha-
lamic dysfunction, and this sign is present in about one-
third of patients. Macrocephaly can be due to cranial
expansion by the tumor or hydrocephalus that is gener-
ally caused by the obstruction of the ventricular system
or from increased cerebrospinal fluid production from a
choroid plexus tumor.

Nowadays, cranial ultrasonography (US) of the new-
born represents the first imaging method in brain facili-
tated by the presence of open fontanelles and less ossified
cranial bones, it has the advantages also of being fast,
non-invasive and does not produce any side effect, so
Cranial US can provide useful findings or be used as the
first diagnostic modality when there is a suspicion of a
brain mass [54].

During ultrasonography, most intracranial tumors have
a heterogeneous pattern with the subversion of normal
structures depending on the presence of cystic, necrotic,
or hemorrhagic areas. Cerebral tumors are more fre-
quently hyperechoic, and depending on tumor localiza-
tion, ventricular dilatation may occur. Sometimes, US
can show a typical pattern, as in choroid plexus papil-
loma [55].

MRI brain allows for detailed assessment of the tumor;
its relations with the surrounding structures, its mor-
phology and extensions provide essential information
needed in planning for surgery. MRI features of the
tumors can allow also for differentiation between malig-
nant and benign cases [21] that provide the surgeon with
data that can guide the management and discussion with
the family as in differentiation between infantile glioblas-
toma (GBM) and desmoplastic infantile tumors (DIT)
where both of them appear as huge supratentorial tumors
with cystic and solid components; however, GBM shows
heterogeneous enhancement and restricted diffusion
in contrast to DIT that shows avid and homogeneous
enhancement with no evidence of derestricted diffusion
in diffusion sequences [56]. Fat-suppression MRI tech-
niques may be useful in differentiating fat from hemor-
rhage in teratoma cases [57]. MRI for the whole neuraxis
is beneficial for detection of CSF disseminated lesion
seen mainly in embryonal lesions and ependymomas,
the findings that can guide the management and surgical
decisions in these cases [58, 59]. The main disadvantage
of MRI is the inadequacy in detecting calcifications that
may be characteristic and diagnostic for some lesions as
infantile ganglioglioma. Also, MRI requires long time
for acquiring images which needs a calm and still patient
which is not the case in infants or neonates and their
sedation is a must which may delay the management pro-
cess besides the exposure to more anesthetic risk.

Although computed tomography (CT) brain exposes
infants to a large dose of ionizing radiation, it has the
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advantage of illustrating calcifications easily which can
aid in the diagnosis of teratoma cases where multiple
calcified portions can be detected which may sometimes
reflect the presence of bone and teeth [57]. Calcifications
may also be diagnostic in infantile ganglioglioma cases
[60, 61].

Surgical excision

The main and first line of treatment of infantile brain
tumors is surgical excision as the prognosis is directly
related to the extent of resection besides surgery offers
specimens for histopathological diagnosis [21, 62, 63].
Surgery in this young age is demanding and challenging
owing to the general condition, low weight and limited
blood volume of the infant and the frequent huge sizes
reached by these neoplasms being have a great time to
expand secondary to delayed diagnosis [25, 38].

The extent of resection of brain tumors below two years
is variable in different series in the literature where gross
total(GTR) or near total resection was achieved in 25%
in one series [36], while it ranged between 34 and 43%
in others [10, 13, 31, 47] and GTR was accomplished
in about 60-70% in others [6, 8, 11, 16, 22]. This het-
erogenicity was attributed by some investigators to the
improvement in diagnostic tools and neuro-anesthesia
techniques over time [6], although this may be partially
true, there must be a correlation between the extent of
resection on one side and the histological types and loca-
tions of the resected lesions on the other as the different
individual series varies significantly in the number of
cases, their histopathology and locations where in series
with higher incidence of total or near total resections,
one can find higher incidence of benign pathologies with
less invasion to the surrounding brain, or intraventricular
choroid plexus tumors with good plane of resection and
more control of intraoperative bleeding after visualiza-
tion and coagulation of its pedicle [22].

Conservative management for recurrence or residual
lesions is favored as long as the lesion is non-progressive
either radiologically or clinically, long-term follow-up
with repeated MRI is mandatory in these patients, and
reoperation is indicated only on disease progression [36,
64]. But reoperation on the same lesion with the inten-
tion to perform a staged resection may be better in these
infants especially for tumors that are curable with surgery
where high vascular lesions may lead to excessive bleed-
ing and reoperation after the infant being stabilized can
increase the extent of resection with better outcome [22].

Reoperation after neoadjuvant chemotherapy is
another option of management for infantile brain tumors
that was investigated by some authors [65] where reop-
eration was indicated in tumor regrowth after initial
regression, or if there was no further reduction in tumor
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volume with repeated cycles of chemotherapy, and in
cases of new emergency or urgent radiographic changes
as intra-tumoral hemorrhage. The authors found that
neoadjuvant chemotherapy had effectively devascular-
ized all tumors and the volumes of most tumors were
decreased, and these effects enhanced their ability to
achieve a complete resection.

There are variable rates of operative and perioperative
mortality in the literature [5, 6, 13, 19, 20, 22, 66] that
range from 5.6 to 33% in most of literature, while no mor-
tality was reported by Haddad et al. [7] and higher rate
(57%) was found in Tewari et al. study [67]. This hetero-
genicity may be explained by heterogeneous pathologies,
variations in vascularity of the lesions and differences in
the experience of neurosurgeons, anesthesia, and inten-
sive care teams. The higher rate of perioperative mortal-
ity is certainly related to the infants’ general conditions
and their sensitivity to hypothermia, blood loss and mas-
sive blood transfusion which all must be kept in mind
during their management.

Suprasellar Optic pathway and hypothalamic gliomas
(OPHG) represent an exception regarding surgical man-
agement where a more conservative surgical approach
was found to be correlated with better outcome for these
lesions [68—70]. The aim of surgery in pediatric OPHG
especially in this age is just having a biopsy for diagno-
sis that is usually followed by chemotherapy and even the
biopsy may be not needed in typical radiological OPHG
especially in the context of diencephalic syndrome,
and debulking can be done for exophytic parts of these
lesion, or after failure of chemotherapy to control their
progression.

Hydrocephalus is a very common association with
infantile brain tumors [9, 71] and shunt requirement
for its management ranged from 20% up to 57% [13,
22, 32, 47, 71] in the literature. preoperative insertion
of ventriculoperitoneal(VP) shunt may be life saving in
emergency situation and can improve the general condi-
tion of dehydrated infants due to vomiting before defini-
tive surgery [13]; however, the insertion of VP shunt in
very young patients is associated in some cases with peri-
toneal failure of CSF absorption leading to severe ascites
and abdominal distention that may lead to respiratory
distress, this may be related to immaturity of the perito-
neum or excessive CSF production especially in choroid
plexus tumors [72]. This condition is usually managed
by insertion of ventriculoatrial (VA) shunt. Upward
cerebellar herniation and posterior fossa intratumoral
hemorrhage after shunting are another reported com-
plications especially with large lesions and usually have
poor outcome [13, 73]. For these complications besides
other shunts complications as obstruction, infections
and exposure, there is a tendency to perform excision of

Page 5 of 8

the lesions directly first leaving hydrocephalus manage-
ment in the post-craniotomy and follow-up periods [71].
Insertion of external ventriculostomy with gradual with-
drawal might decrease shunt requirement as supposed
by Ghodsi et al. [6] where only 12.9% of their patients
needed permanent VP shunt.

In addition to VP and VA shunts in this age group, sub-
dural-peritoneal shunt is also needed in some cases with
choroid plexus tumors where large subdural collections
do exist after excision of these tumors [22, 71].

Adjuvant therapy

The use of upfront radiotherapy was used till about 1987
in the primary treatment of infantile and young children
with efforts to optimize its factors as time, dose and vol-
ume to minimize its late effects on the central nervous
system [7, 13, 74], but these trials and efforts lead to poor
outcome due to lowering the necessary therapeutic doses
and in the same time the radiation complications were
not decreased [75]; in the last decades, it was recom-
mended to avoid brain irradiation in this age group due
to its harmful effects and risks that are possibly related to
vascular lesions or demyelination and these risks persist
throughout life [9, 16, 21, 76, 77]. Craniospinal irradia-
tion for the immature and growing brain and spinal cord
of infants as well as their growing vertebrae was reported
to cause mental retardation, growth retardation, hypo-
thalamus—pituitary axis affection that may lead to severe
endocrine affection especially growth hormone and thy-
roid functions. Intracranial blood vessels in very young
children are also sensitive to irradiation, and occlusive
neurovascular complications have been reported [19, 47].
Risk of radiation-related secondary neoplasm is greater
when exposure occurs early in life, and this risk seems
to persist throughout life [78]. Also, newer modalities as
stereotactic radiotherapy and proton beam therapy have
its potential complications on infants and young children
and there are many studies on their long-term effects
[79-81].

Chemotherapy appears to be an effective postoperative
primary treatment for incompletely resected or malig-
nant pathologies in this age group [25, 82], and different
therapeutic approaches were explored [83] as prolonged
postoperative chemotherapy and delayed irradiation
or without irradiation in another approach, high dose
chemotherapy with autologous stem cells transplanta-
tion was investigated also. The reached goal of delaying
irradiation or its avoidance has proven the beneficial
role of chemotherapy in this age group [81] and made it
accepted in spite of its neurotoxicity, gliotoxicity and del-
eterious effects on gray and white matters of the develop-
ing brain, hearing and bone marrow [84].
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Outcome and prognosis

The prognosis of brain tumors in the first two years of
life is generally not good, and this can be attributed
to many factors as the malignant pathology of most of
these tumors, surgical difficulties faced by the neuro-
surgeon in dealing with them, risk of anesthesia, dif-
ficult postoperative care besides children in this age
group are not amenable for radiotherapy. Location of
the tumor was correlated with prognosis in many stud-
ies where posterior fossa tumors demonstrated lower
overall survival rates in comparison with supratentorial
lesions [6, 19, 31, 85] others correlated between tumors
located in the brainstem, ventricular system, optic chi-
asm, thalamus, and basal ganglia with worse progno-
sis in terms of both survival and quality of life [11] as
attempted surgical removal of tumors in these locations
is associated with high mortality and chemotherapy
or radiotherapy for partially resected or non-resected
lesions worsen the quality of life. Extent of surgical
resection had a significant correlation with prognosis in
many studies, and complete resection provides the best
possible outcome in terms of survival and disease-free
survival rates [38, 86].

The rate of survival of patients with brain tumors
under two years is low, and the most common outcome
of infantile brain tumors is death within five years of the
diagnosis with overall survival rates vary between 20
and 40% [38, 80, 87, 88], and in some series, these rates
reached about 56-58% [6, 20, 31, 79, 89].

As the quality of life parameters is difficult to evaluate
in pediatric patients, scales measuring the ability to cope
with school were used by some investigators for assess-
ment of longer follow-up for infants with brain tumors
and results showed that about 50-77% among children
who reached school age were able to attend mainstream
school [79, 80, 90].

In a study investigating the remote outcome in survi-
vors who reached adulthood [91], it was found that 33%
of patients with high grade tumors became long-term
survivors in contrast to 20-year survival rate of 82% in
patients with low grade tumors. Regarding the clinical
and functional outcome of high-grade lesions group of
patients, it was reported that most of them were affected
by severe late effects of radiotherapy given in their first
year of life including second neoplasms, cerebrovascu-
lar disease, and coronary valvular disease, and three died
at the age of 29, 30, and 41 years. Three of this group
of patients were in full-time work and five in part-time
work, but none of those who were alive after treatment
that included radiotherapy were in full time work. On the
opposite hand, among those low grade lesions survivors
group 72% were in full-time work and 12% in part-time
work.
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Conclusions

Brain tumors in the first two years of life are a challeng-
ing group of different histopathological entities with
underlying specific molecular characterization and
genetic predispositions. They have aggressive behav-
ior and general poor prognosis with limited options of
management owing to the very young age of this group
of patients that omits radiotherapy as one of the main
therapeutic lines of management and makes surgical
excision, the main curative option in this age group,
challenging and a hard mission. Although chemother-
apy may be beneficial as an adjuvant therapy and more
tolerated in this age group, it has immediate and long-
term side effects on the developing brain. Better molec-
ular understanding of these neoplasms might lead to
the identification of new therapeutic targets. These
lesions are best managed in specialized pediatric oncol-
ogy centers where a higher level of expertise does exist
as well as an individualized multidisciplinary manage-
ment for each case.

Abbreviations

OPHG: Optic pathway hypothalamic gliomas; PNET: Primitive neuroectodrmal
tumors; AT/RT: Atypical teratoid rhabdoid tumors; VP: Ventriculoperitoneal; VA:
Ventriculoatrial; CT: Computed tomography; GTR: Gross total resection; CSF:
Cerebrospinal fluid; GBM: Glioblastoma; US: Ultrasonography; MRI: Magnetic
resonance imaging; miRNA: Micro-ribonucleic acid; DNA: Deoxyribonucleic
acid.

Acknowledgements
Not applicable.

Authors’ contributions
This is a single author article where the author had reviewed the literature to
collect information and data that were used in writing the manuscript.

Funding
No funding.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The author declares that he has no competing interests.

Received: 6 August 2021 Accepted: 21 August 2021
Published online: 27 December 2021

References

1. Rickert CH, Probst-Cousin S, Louwen F, Feldt B, Gullotta F. Con-
genital immature teratoma of the fetal brain. Childs Nerv Syst.
1997;13(10):556-9.



Enayet Egypt J Neurosurg

20.
21

22.

23.

24.
25.

26.

27.

28.

29.

(2021) 36:33

Severino M, Schwartz ES, Thurnher MM, Rydland J, Nikas |, Rossi A.
Congenital tumors of the central nervous system. Neuroradiology.
2010;52(6):531-48.

Jellinger K, Sunder-Plassmann M. Connatal intracranial tumours. Neuro-
paediatrie. 1973;4(01):46-63.

Rickert CH, Probst-Cousin S, Gullotta F. Primary intracranial neoplasms of
infancy and early childhood. Childs Nerv Syst. 1997;13(10):507-13.
Sakamoto K, Kobayashi N, Ohtsubo H, Tanaka Y. Intracranial tumors in the
first year of life. Childs Nerv Syst. 1986;2(3):126-9.

Ghodsi SM, Habibi Z, Hanaei S, Moradi E, Nejat F. Brain tumors in infants. J
Pediatr Neurosci. 2015;10(4):335.

Haddad SF, Menezes AH, Bell WE, Godersky JC, Afifi AK, Bale JF. Brain
tumors occurring before 1 year of age: a retrospective review of 22 cases
inan 11-year period (1977-1987). Neurosurgery. 1991;29(1):8-13.

Qi S, Matsumoto S, Choi JU, Kang JK, Wong T, Wang C, Chan TS. Brain
tumors diagnosed in the first year of life in five Far-Eastern countries.
Childs Nerv Syst. 1990;6(2):79-85.

Magdum SA. Neonatal brain tumours—a review. Early Hum Dev.
2010;86(10):627-31.

Chung SK, Wang KC, Nam DH, Cho BK. Brain tumor in the first year of life:
a single institute study. J Korean Med Sci. 1998;13(1):65-70.

. Balestrini MR, Micheli R, Giordano L, Lasio G, Giombini S. Brain tumors

with symptomatic onset in the first two years of life. Childs Nerv Syst.
1994;10(2):104-10.

Tadmor R, Harwood-Nash DC, Savoiardo M, Scotti G, Musgrave M, Fitz CR,
Chuang S. Brain tumors in the first two years of life: CT diagnosis. Am J
Neuroradiol. 1980;1(5):411-7.

Tomita T, McLone DG. Brain tumors during the first twenty-four months
of life. Neurosurgery. 1985;17(6):913-9.

MacDonald TJ. Aggressive infantile embryonal tumors. J Child Neurol.
2008;23(10):1195-204.

Rickert CH. Epidemiological features of brain tumors in the first 3 years of
life. Childs Nerv Syst. 1998;14(10):547-50.

De Espindola AA, Matushita H, Pimenta JM, da Silva Fernandes AC,
Rosemberg S, Reed UC. Brain tumors in the first three years of life. Arg
Neuropsiquiatr. 2007;65(4-A):960-4.

Milani HJ, Jdnior EA, Cavalheiro S, Oliveira PS, Hisaba WJ, Barreto EQ,
Barbosa MM, Nardozza LM, Moron AF. Fetal brain tumors: prenatal diag-
nosis by ultrasound and magnetic resonance imaging. World J Radiol.
2015;7(1):17.

Sano K. A statistical study of brain tumors in Japan: general features. Jon J
Clin Oncol. 1987;17(1):19-28.

Jooma R, Hayward RD, Grant ND. Intracranial neoplasms during the first
year of life: analysis of one hundred consecutive cases. Neurosurgery.
1984;14(1):31-41.

Raimondi AJ, Tomita T. Brain tumors during the first year of life. Pediatr
Neurosurg. 1983;10(3):193-207.

Isaacs HIl Jr. Perinatal brain tumors: a review of 250 cases. Pediatr Neurol.
2002;27(5):333-42.

Mohanty CB, Shukla DP, Devi BI. Brain tumors of infancy-an institu-

tional experience and review of the literature. Pediatr Neurosurg.
2013;49(3):145-54.

El-Gaidi MA, Eissa EM. Infantile intracranial neoplasms: characteristics and
surgical outcomes of a contemporary series of 21 cases in an Egyptian
referral center. Pediatr Neurosurg. 2010;46(4):272-82.

Murshid WR, Siquiera E, Rahm B, Kanaan I. Brain tumors in the first 2 years
of life in Saudi Arabia. Childs Nerv Syst. 1994;10(7):430-2.

Larouche V, Huang A, Bartels U, Bouffet E. Tumors of the central nervous
system in the first year of life. Pediatr Blood Cancer. 2007;49(57):1074-82.
Reed C, Rosemberg S, Gherpelli JL, Matushita H, de Aimeida GG, Diament
AJ. Brain tumors in the first two years of life: a review of forty cases. Pedi-
atr Neurosurg. 1993;19(4):180-5.

Jaing TH, Wu CT, Chen SH, Hung PC, Lin KL, Jung SM, Tseng CK. Intracra-
nial tumors in infants: a single institution experience of 22 patients. Childs
Nerv Syst. 2011,27(3):415-9.

Toescu SM, James G, Phipps K, Jeelani O, Thompson D, Hayward R,
Aquilina K. Intracranial neoplasms in the first year of life: results of

a third cohort of patients from a single institution. Neurosurgery.
2019;84(3):636-46.

Raisanen JM, Davis RL. Congenital brain tumors. Pathology.
1993;2(1):103-16.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

Page 7 of 8

Isaacs HI Jr. Perinatal brain tumors: a review of 250 cases. Pediatr Neurol.
2002,27(4):249-61.

Mapstone TB, Warf BC. Intracranial tumor in infants: characteristics,
management, and outcome of a contemporary series. Neurosurgery.
1991,28(3):343-8.

Di Rocco G, lannelli A, Ceddia A. Intracranial tumors of the first year of life.
Childs Nerv Syst. 1991;7(3):150-3.

Simone V, Rizzo D, Cocciolo A, Caroleo AM, Carai A, Mastronuzzi A,
Tornesello A. Infantile brain tumors: a review of literature and future
perspectives. Diagnostics. 2021;11(4):670.

Qaddoumi |, Carey SS, Conklin H, Jenkins J, Sabin N, Boop F, Pai-
Panandiker A, Baker J, Wright K, Broniscer A, Gajjar A. Characterization,
treatment, and outcome of intracranial neoplasms in the first 120 days of
life. J Child Neurol. 2011;26(8):988-94.

Hwang SW, Su JM, Jea A. Diagnosis and management of brain and spinal
cord tumors in the neonate. In: Seminars in fetal and neonatal medicine,
vol 17, No. 4. WB Saunders; 2012. pp. 202-6.

Lang SS, Beslow LA, Gabel B, Judkins AR, Fisher MJ, Sutton LN, Storm

PB, Heuer GG. Surgical treatment of brain tumors in infants younger

than six months of age and review of the literature. World Neurosurg.
2012;78(1-2):137-44.

Sala F, Colarusso E, Mazza C, Talacchi A, Bricolo A. Brain tumors in children
under 3 years of age. Pediatr Neurosurg. 1999;31(1):16-26.

Rivera-Luna R, Medina-Sanson A, Leal-Leal C, Pantoja-Guillen F, Zapata-
Tarrés M, Cardenas-Cardos R, Barrera-Gémez R, Rueda-Franco F. Brain
tumors in children under 1 year of age: emphasis on the relationship of
prognostic factors. Childs Nerv Syst. 2003;19(5-6):311-4.

Giuffre R. Biological aspects of brain tumors in infancy and childhood.
Childs Nerv Syst. 1989;5(2):55-9.

Fujii Y, Hongo T, Hayashi Y. Chromosome analysis of brain tumors in child-
hood. Genes Chromosom Cancer. 1994;11(4):205-15.

Girschick HJ, Klein R, Scheurlen WG, Kiihl J. Cytogenetic and histopatho-
logic studies of congenital supratentorial primitive neuroectodermal
tumors: a case report. Pathol Oncol Res. 2001;7(1):67-71.
Vagner-Capodano AM, Gentet JC, Gambarelli D, Pellissier JF, Gouzien M,
Lena G, Genitori L, Choux M, Raybaud C. Cytogenetic studies in 45 pediat-
ric brain tumors. Pediatr Hematol Oncol. 1992;9(3):223-35.

Cossu A, Massarelli G, Manetto V, Viale G, Tanda F, Bosincu L, luzzolino P,
Cossu S, Padovani R, Eusebi V. Rhabdoid tumours of the central nervous
system. Virchows Archiv A. 1993;422(1):81-5.

Kumar R, Liu AP, Orr BA, Northcott PA, Robinson GW. Advances in the clas-
sification of pediatric brain tumors through DNA methylation profiling:
from research tool to frontline diagnostic. Cancer. 2018;124(21):4168-80.
LeeYY,Yang YP, Huang MC, Wang ML, Yen SH, Huang PI, Chen YW, Chiou
SH, Lan YT, Ma Hl, Shih YH. MicroRNA142-3p promotes tumor-initiating
and radioresistant properties in malignant pediatric brain tumors. Cell
Transplant. 2014,23(4-5):669-90.

Crawford JR, Isaacs H. Perinatal (fetal and neonatal) choroid plexus
tumors: a review. Childs Nerv Syst. 2019;35(6):937-44.

Bognar L. Brain tumors during the first year of life. Ann N'Y Acad Sci.
1997,824:148-55.

Doren M, Tercanli S, Gullotta F, Holzgreve W. Prenatal diagnosis of a highly
undifferentiated brain tumour—a case report and review of the literature.
Prenatal Diagnos. 1997;17(10):967-71.

Wakai S, Arai T, Nagai M. Congenital brain tumors. Surg Neurol.
1984;21(6):597-609.

Roosen N, Deckert M, Nicola N, Wechsler W, Schober R, von Voss H, Mayer
P, Werner C. Congenital anaplastic astrocytoma with favorable prognosis:
case report. J Neurosurg. 1988,69(4):604-9.

Albert FK, Gaedicke G, Wenzel D, Merk J, Heymer B, Lampl L. Congenital
brain tumours: diagnostic and therapeutic approach. With a report of 3
cases. Zentralblatt fur Neurochirurgie. 1989;50(2):101-5.

Evans DG, Farndon PA, Burnell LD, Gattamaneni HR, Birch JM. The inci-
dence of Gorlin syndrome in 173 consecutive cases of medulloblastoma.
BrJ Cancer. 1991,64(5):959-61.

Cornejo P, Feygin T, Vaughn J, Pfeifer CM, Korostyshevska A, Patel M, Bardo
DM, Miller J, Goncalves LF. Imaging of fetal brain tumors. Pediatr Radiol.
2020;50(13):1959-73.

Vitale V, Rossi E, Di Serafino M, Minelli R, Acampora C, lacobellis F, D'Errico
C, Esposito A, Esposito F, Vallone G, Zeccolini M. Pediatric encephalic
ultrasonography: the essentials. J Ultrasound. 2020;23(2):127-37.



Enayet Egypt J Neurosurg

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

(2021) 36:33

Lysyy O, Puzhevsky A, Strauss S. Choroid plexus papilloma in an infant:
ultrasound diagnosis. Eur J Pediatr. 2012;171(11):1717-8.

Bader A, Heran M, Dunham C, Steinbok P. Radiological features of infantile
glioblastoma and desmoplastic infantile tumors: British Columbia’s Chil-
dren’s Hospital experience. J Neurosurg Pediatr. 2015;16(2):119-25.
Parmar HA, Pruthi S, Ibrahim M, Gandhi D. Imaging of congenital brain
tumors. In: Seminars in ultrasound, CT and MRI, vol 32, No. 6. WB Saun-
ders; 2011. pp. 578-89.

Comi AM, Backstrom JW, Burger PC, Duffner PK, Group PO. Clinical and
neuroradiologic findings in infants with intracranial ependymomas.
Pediatr Neurol. 1998;18(1):23-9.

Parmar H, Hawkins C, Bouffet E, Rutka J, Shroff M. Imaging findings in
primary intracranial atypical teratoid/rhabdoid tumors. Pediatr Radiol.
2006;36(2):126-32.

Bhardwaj M, Sharma A, Pal HK. Desmoplastic infantile ganglioglioma with
calcification. Neuropathology. 2006;26(4):318-22.

Bianchi F, Tamburrini G, Massimi L, Caldarelli M. Supratentorial tumors typ-
ical of the infantile age: desmoplastic infantile ganglioglioma (DIG) and
astrocytoma (DIA). A review. Child’s Nervous Syst. 2016,32(10):1833-8.
McGirt MJ, Chaichana KL, Gathinji M, Attenello FJ, Than K, Olivi A, Wein-
gart JD, Brem H, redo Quifiones-Hinojosa A. Independent association

of extent of resection with survival in patients with malignant brain
astrocytoma. J Neurosurg. 2009;110(1):156-62.

Grassiot B, Beuriat PA, Di Rocco F, Leblond P, Faure-Conter C, Szathmari A,
Mottolese C. Surgical management of posterior fossa medulloblastoma
in children: the Lyon experience. Neurochirurgie. 2021,66:6.

Benesch M, Eder HG, Sovinz P, Raith J, Lackner H, Moser A, Urban C.
Residual or recurrent cerebellar low-grade glioma in children after tumor
resection: is re-treatment needed? A single center experience from 1983
t0 2003. Pediatr Neurosurg. 2006;42(3):159-64.

Van Poppel M, Klimo P, Dewire M, Sanford RA, Boop F, Broniscer A, Wright
K, Gajjar AJ. Resection of infantile brain tumors after necadjuvant chemo-
therapy: the St. Jude experience. J Neurosurg Pediatr. 2011;8(3):251-6.
Fessard C. Cerebral tumors in infancy: 66 clinicoanatomical case studies.
Am J Dis Child. 1968;115(3):302-8.

Tewari MK, Sharma BS, Mahajan RK, Khosla VK, Mathuriya SN, Pathak

A, Kak VK. Supratentorial tumours in infants. Childs Nerv Syst.
1994;10(3):172-5.

Fouladi M, Wallace D, Langston JW, Mulhern R, Rose SR, Gajjar A, Sanford
RA, Merchant TE, Jenkins JJ, Kun LE, Heideman RL. Survival and functional
outcome of children with hypothalamic/chiasmatic tumors. Cancer
Interdiscip Int J Am Cancer Soc. 2003;97(4):1084-92.

Sutton LN, Molloy PT, Sernyak H, Goldwein J, Phillips PL, Rorke LB,
Moshang T, Lange B, Packer RJ. Long-term outcome of hypothalamic/
chiasmatic astrocytomas in children treated with conservative surgery. J
Neurosurg. 1995;83(4):583-9.

El Beltagy MA, Reda M, Enayet A, Zaghloul MS, Awad M, Zekri W, Taha H,
El-Khateeb N. Treatment and outcome in 65 children with optic pathway
gliomas. World Neurosurg. 2016;89:525-34.

Wong TT, Liang ML, Chen HH, Chang FC. Hydrocephalus with brain
tumors in children. Childs Nerv Syst. 2011;27(10):1723-34.

Ditz C, Nowak G, Koch C, Merz H, Tronnier V. Atypical choroid plexus
papilloma in a newborn: prenatal diagnosis, preoperative tumor
embolization, and resection. J Neurol Surg Part A Cent Eur Neurosurg.
2013;74(01):059-63.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

Page 8 of 8

El-Gaidi MA, Abou EI-Nasr AH, Eissa EM. Infratentorial complications fol-
lowing preresection CSF diversion in children with posterior fossa tumors.
J Neurosurg Pediatr. 2015;15(1):4-11.

Spunberg JJ, Chang CH, Goldman M, Auricchio E, Bell J. Quality of long-
term survival following irradiation for intracranial tumors in children
under the age of two. Int J Radiat Oncol Biol Phys. 1981;7(6):727-36.
Duffner PK, Cohen ME, Myers MH, Heise HW. Survival of children with
brain tumors: SEER program, 1973-1980. Neurology. 1986;36(5):597.

Suc E, Kalifa C, Brauner R, Habrand JL, Terrier-Lacombe MJ, Vassal G,
Lemerle J. Brain tumours under the age of three. The price of survival.
Acta Neurochirurgica. 1990;106(3):93-8.

Mitchell WG, Fishman LS, Miller JH, Nelson M, Zeltzer PM, Soni D, Siegel
SM. Stroke as a late sequela of cranial irradiation for childhood brain
tumors. J Child Neurol. 1991;6(2):128-33.

Kleinerman RA. Cancer risks following diagnostic and therapeutic radia-
tion exposure in children. Pediatr Radiol. 2006;36(2):121-5.

Garre’ ML, Cama A, Milanaccio C, Gandola L, Massimino M, Dallorso S, .
New concepts in the treatment of brain tumors in very young children.
Expert review of neurotherapeutics. 2006;6(4):489-500.
Skowronska-Gardas A. Evaluation of radiotherapy for pediatric CNS
tumors. Expert Rev Neurother. 2003;3(4):491-500.

Duffner PK, Horowitz ME, Krischer JP, Friedman HS, Burger PC, Cohen ME,
Sanford RA, Mulhern RK, James HE, Freeman CR, Seidel FG. Postoperative
chemotherapy and delayed radiation in children less than three years of
age with malignant brain tumors. N Engl J Med. 1993,328(24):1725-31.
Nejat F, Kazmi SS, Ardakani SB. Congenital brain tumors in a series of
seven patients. Pediatr Neurosurg. 2008;44(1):1-8.

Kalifa C, Grill J. The therapy of infantile malignant brain tumors: current
status? J Neurooncol. 2005;75(3):279-85.

lkonomidou C. Chemotherapy and the pediatric brain. Mol Cell Pediatr.
2018;5(1):1.

Mehrotra N, Shamji MF, Vassilyadi M, Ventureyra EC. Intracranial

tumors in first year of life: the CHEO experience. Childs Nerv Syst.
2009;25(12):1563-9.

Furata T, Tabuchi A, Adachi Y, Mizumatsu S, Tamesa N, Ichikawa T, Tamiya
T, Matsumoto K, Ohmoto T. Primary brain tumors in children under age 3
years. Brain Tumor Pathol. 1998;15(1):7-12.

Davis FG, McCarthy BJ. Epidemiology of brain tumors. Curr Opin Neurol.
2000;13(6):635-40.

Kieran MW. Advances in pediatric neuro-oncology. Curr Opin Neurol.
2000;13(6):627-34.

Pollack IF. Pediatric brain tumors. In: Seminars in surgical oncology, vol 16,
No. 2; New York: Wiley; 1999. pp. 73-90.

Kane J, Phipps KP, Harkness WFJ, Hayward RDP. Intracranial neoplasms in
the first year of life: results of a second cohort of patients from a single
institution. Br J Neurosurg. 1999;13(3):294-8.

Lundar T, Due-Tennessen BJ, Fri¢ R, Brandal P, Stensvold E, Due-Tennessen
P.Outcomes in adulthood after neurosurgical treatment of brain tumors
in the first 3 years of life: long-term follow-up of a single consecutive
institutional series of 97 patients. Childs Nerv Syst. 2021;37(2):427-33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Brain tumors in the first two years of life
	Abstract 
	Background: 
	Main body: 
	Conclusion: 

	Introduction
	Main text
	Definitions, incidence and epidemiology
	Histopathology and location
	Cytogenetics and molecular pathways
	Clinical presentations
	Imaging and diagnosis
	Surgical excision
	Adjuvant therapy
	Outcome and prognosis

	Conclusions
	Acknowledgements
	References


