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Brain metastases in paediatric patients –
characteristics of a patient series and review of the literature
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A b s t r a c t

In contrast to the occurrence of brain metastases advanced malignant tumours in adult cancer patients, the dissemi -
nation of solid tumours to the brains of paediatric cancer patients is very uncommon. We present a neuro pa -
thological and clinical study of a group of children and adolescents with brain metastases (BM) from extracranial
solid malignancies. The analysed patients were diagnosed with soft tissue sarcomas (three), germ cell tumours
(three), or osteosarcoma, neuroblastoma, clear cell sarcoma of the kidney, or pleuropulmonary blastoma (one each).
In our series, BM frequently coexisted with pulmonary metastases. Three different metastatic patterns were dis-
cernible: a solitary tumour, multiple lesions and diffuse parenchymal dissemination. Two cases showed haemorrha -
gic presentation. Most of the children died due to BM progression, while children with germ cell tumours showed
the best prognosis. The histopathological pictures of BM can be different from the primary tumour, showing dedif-
ferentiation or a diverse neoplastic component. The autopsy examination can still be helpful in the final diagnosis
of certain cases with atypical clinical presentations.
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Introduction

Metastases are the most common tumours of the
central nervous system (CNS) in adults, constituting

approximately 30% of all intracranial neoplasms
[2,4,16]. In approximately 10% of cases, the CNS is
the only site of secondary spread, and in up to 15%
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of patients, no primary tumour is identifiable [19].
Intracranial metastases of solid tumours can be lo -
cated in the meninges and in the brain [2]. In adults,
brain metastases (BM) originate mostly from lung
and breast carcinomas, melanoma, renal clear cell
car cinoma and gastrointestinal cancer [2,4,15,16].
Brain metastases frequently occur together, and they
are found at the junction of grey and white matter,
where blood vessels are narrow and blood circulation
is very slow. Cerebral metastases are usually surro -
und ed by significant vasogenic brain oedema [4]. 

Brain metastases of solid tumours are rarely ob -
served in children with cancer [3,8]. Interestingly, the
CNS, liver, kidneys and lymph nodes are the most
common sites of extramedullary spread in leukae -
mia [11,12]. Data regarding BM in paediatric solid
tumour patients are limited, but clinical reports sug-
gest that their frequency is 1.5-4.9% [3,8,18], and
autopsy studies suggest a 6-13% frequency [7,26].
The most common types of cancer in children in -
clude soft tissue and osteogenic sarcomas (STS, OSA),
neuroblastic tumours (NBL), nephroblastoma, and
germ cell tumours (GCT) [23]. Brain metastases are
occasionally present in patients with NBL, OSA and
STS (mainly in alveolar rhabdomyosarcoma 2.4-8%),
but are uncommon in children with Wilms’ tu mour
(1%) [3,10,13,17,18]. In contrast, they are often a fea-
ture of very rare tumours such as pleuropulmonary
blastoma (PPB) (25%) [20], alveolar soft part sarco-
ma (15-29%) [27] and melanoma (18%) [21]. 

In recent years, long-term survival rates in pae-
diatric patients treated for malignant solid tumours
have gradually increased, while the risk of BM has
risen. Brain metastases may be present at the initial
diagnosis, but in most cases, they develop later, 
during disease progression or relapse. The median
time from initial diagnosis to BM development is 
13-22 months [3,5,8]. The results of treatment of
CNS metastases are particularly poor, as most of the
children die due to disease progression [3,8,18].

The aim of the current study was to characterise
the clinical and pathological picture of a series of uni-
que metastatic brain tumours in paediatric patients. 

Material and methods

We performed a retrospective analysis of medical
records of children and adolescents (up to 18 years
of age) treated for malignant extracranial solid tu -
mours between 1992 and 2010 in two paediatric on -

cological clinics at the Medical University of Gdańsk
(Department of Paediatrics, Haematology, Oncology
and Endo crinology and Department of Paediatrics,
Paediatric Gastroenterology, Hepatology and Nutri-
tion). Patients with intracranial secondary foci were
selected, but cases involving direct extension of the
tumour from the skull or dura mater were excluded.
Finally, only pa tients with brain metastases (BM)
were analysed in detail.

The clinical data included the age of patients at
the time of BM diagnosis, the presence of systemic
metastases at cancer diagnosis, time from primary
diagnosis to BM detection, symptoms and localisa-
tion of BM, number of foci and their size (diameter),
type of treatment and outcome. The MRI and CT
neuroimaging records were reviewed again in all the
cases.

The available archival BM slides and tissue mate-
rial embedded in paraffin blocks were reviewed and
additional immunostaining was performed. Mono-
clonal antibodies (DAKO) raised against glial fibrillary
acid protein (GFAP, 1 : 50), CD68 (1 : 50), leucocyte
common antigen (LCA, 1 : 50), CD34 (1 : 50), and Ki67
(1 : 50) were used in all cases. In addition, primary
tumour type-specific antibodies were used, including
alpha fetoprotein (AFP, 1 : 100), desmin (1 : 50),
cytokeratin AE1/AE3 (1 : 50), S100 (1 : 100), epithelial
membrane antigen (EMA, 1 : 50), beta choriogona -
dotropin (BHCG, 1 : 200), CD30 (1 : 100), synaptophy -
sin (1 : 100), and Novocastra antibody against pla-
cental alkaline phosphatase (PLAP, 1 : 25). The sli des
were stained manually with DAKO and Novocastra
reagents. Appropriate positive and negative controls
(omission of the primary antibody) were carried out
for every antibody. Diaminobenzidine was the chro-
mogen in all reactions, and En Vision (DAKO) was
used for visualisation. 

The histology of BM and neuropathological
changes in the surrounding brain tissue were exam-
ined in detail. Furthermore, the histology of the pri-
mary and metastatic tumours was compared.

Results

The analysed clinical material included 511 oncolo-
gical paediatric patients with malignant neoplasms
excluding primary CNS tumours. In this co hort, only
ten patients (2%) had brain metastases. These
included three STS – two rhabdomyosarcoma (RMS)
and one angiosarcoma (ASA); three GCT – two testi -
cular and one extragonadal; and single cases of
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OSA, NBL, clear cell sarcoma of the kidney (CCSK)
and PPB. The clinical characteristics of the patients
are presented in Table I.

Mean age at the diagnosis of BM was 10.6 years
(median 13.8 years). Two patients (p. 8 and 10) were
diagnosed with BM at the initial time of cancer diag-
nosis. In the remaining patients, metastases were
detected 1 to 32 months (median 8 months) after
the first manifestation of disease. In three cases, the
brain was the only site of metastatic disease at the
time of BM diagnosis (p. 2, 5, and 6).

The most common initial signs and symptoms of
BM were headaches (5), vomiting (4), hemiparesis or
muscle weakness in the extremities (3), speech dis-
orders (2), seizures (1), gait and balance problems (1),
extra pyramidal symptoms and chorea (1). Two pa -
tients were asymptomatic, including a GCT patient,
who underwent brain imaging due to increasing AFP
serum levels, and an OSA patient with an abnormal
positron emission tomography (PET) scan. 

All patients underwent CT/MRI imaging of the
brain. Solitary lesions were recognised in five chil-
dren, while two patients had bifocal lesions. Neu-
roimaging revealed typical contrast enhancing
lesions, with adjacent brain oedema. The size (diam-
eter) of the lesions varied between 9 and 78 mm. All
BM were supratentorial, located in the parietal (4),
temporal (3) and frontal lobes (1). Three patients had
multiple foci localised bilaterally in the cerebral
hemispheres. One child presented with signs of
tumour haemorrhage – on MRI scans, blood at the
stage of methaemoglobin and haemosiderin was
visible (Figs. 1A-B). One child had a large lesion in the
frontal-parietal region, with concomitant infiltration
of the meninges (Fig. 2). One case showing bilateral
subdural haematomas was finally diagnosed with
BM at the autopsy (Fig. 3).

Patient management varied according to the
type of cancer and the clinical course of the disease.
Two patients were treated with chemotherapy alone
(one GCT, one STS), and in two cases (STS), only
symptomatic treatment was used. Six patients
underwent surgical resection of metastatic lesions,
including two patients who underwent two opera-
tions. Four of these patients subsequently received
adjuvant chemo- and radiotherapy. 

Three GCT patients lived with remission for 1, 3
and 16 years after completing the oncological treat-
ment. Five patients died 2-12 months after diagnosis

of BM due to disease progression. Two patients
(with OSA and NBL) died after successful BM thera-
py due to systemic cancer dissemination.

CChhaarraacctteerriissttiiccss  ooff  tthhee  ccaasseess  aannaallyysseedd

SSoofftt  ttiissssuuee  ssaarrccoommaass

Tissue slides were available from the autopsy of
an alveolar RMS case (p. 5). This child developed
bilateral subdural haematoma and died due to pro-
gression of neurological symptoms. The post-
mortem gross neuropathological findings included
occipital invagination, brain oedema, haemorrhages
in the dura mater and subacute subdural haema -
tomas in the temporo-occipital regions. Histological
examination showed disseminated neoplastic infil-
trations in the haematoma capsule, made of small
spindle desmin-positive cells. Moreover, neoplastic
dissemination was present in the perivascular areas
in all sections of the brain taken and was the most
intense in the occipital lobes (Fig. 4A). 

GGeerrmm  cceellll  ttuummoouurrss

Two cases were suitable for pathological examina-
tion. The first (p. 9) was a 2.5-year-old girl with sacro-
coccygeal mixed GCT (immature teratoma mixed with
yolk sac tumour) with a single BM excised from a pari-
etal lobe. Histologically, BM consisted of a yolk sac
tumour component made of delicate tubular struc-
tures. The neoplastic tissue showed confluent multi n-
odular growth. Immunohistochemically, the neoplastic
cells were positive for CK, AFP, and PLAP, and negative
for EMA and CD30 (Figs. 4B-C).

The second case (p. 7) concerned an adolescent
boy with a testicular tumour and a focus in a parietal
lobe detected in parallel with pulmonary lesions
a month after admission. The testicular tumour show -
ed features of a mature teratoma with a microfocus
of cytotrophoblasts (Fig. 4D). Interestingly, its meta -
static foci were consistent with pure choriocarcinoma,
as it was composed of malignant syncytio- and cyto -
trophoblasts with necrotic and haemorrhagic frac-
tions. The neoplastic cells were positive for CK, BHCG,
EMA, PLAP (focally) and negative for AFP (Fig. 4E).

TThhee  ootthheerr  ttuummoouurrss

In a girl with CCSK (p. 1), BM was composed of
the most aggressive component of the tumour. In
this case, the differential diagnosis included the

Brain metastases in paediatric patients – characteristics of a patient series and review of the literature
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blastematous component of nephroblastoma
because this case was initially diagnosed as Wilms’
tumour. Fast local recurrence of the tumour and BM
forced a re-diagnosis of this case. The pattern of
a primary renal tumour was nested and microcystic,
but BM showed a solid cellular pattern with a very
high mitotic activity, focal anaplasia and formation
of an abortive rosette. The BM tissues from the first
and the second neurosurgical resection showed
a similar picture (Figs. 5A-B).

A 4-year-old boy (p. 2) with PPB type II (solid-cys-
tic PPB of the right lung) (Fig. 5C) developed BM
with a diameter of 5 cm approximately four months
after completion of the first-line treatment. He was
operated on twice – at the moment of BM diagno-
sis, and 10 months later. Histologically, the metasta-
tic tumour was solid, consistent with type III PPB. It
was composed of rhabdomyosarcomatous, spindle
sarcomatous component, blastemal areas and fields
with early chondroid differentiation (Fig. 5D). Immu -
nohistochemically, the tumour was cytokeratin-neg-
ative and focally positive for desmin and S-100.  

The female patient with adrenal neuroblastoma
(p. 6) (neuroblastoma poorly differentiated, Schwann-
ian stroma poor) was initially diagnosed as stage IV,
with bone and bone marrow metastases. After a few
months of chemotherapy, the residual primary tu -
mour was excised and showed differentiation of up
to ganglioneuroma maturation (Schwannian stroma
predominant). Eight months after completion of the
primary line of therapy, the girl developed a solitary
BM in the temporal lobe. The tumour was subtotally
resected. Histologically, it showed small round blue
cell tumour morphology with neuropile islands, con-
sistent with a Schwannian stroma poor neuroblas-
toma. Immunohistochemically, the neoplastic cells
were positive for synaptophysin and negative for
desmin, CK and LCA.

The BM of a patient with osteosarcoma (p. 10)
had histology indicative of osteoblastic OSA, similar
to his primary bone tumour. It was composed of
malignant polymorphic hyperchromatic osteoblastic
cells with focal osteoid production in the stroma. 

In the neuropathological examination, the neo-
plastic growth was quite well delineated or nodular
in GCT and NBL. CCSK and PPB BM had widely infil-
trative irregular borders. The proliferative index dif-
fered between the primary tumour and BM in three
cases. It was approximately 20% higher in BM of
CCSK, PPB and diffuse infiltrating RMS. In all cases,
the changes in the surrounding nervous tissue

Brain metastases in paediatric patients – characteristics of a patient series and review of the literature
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FFiigg..  11..  AA)) Axial T1-weighted MR images show brain metastases from angiosarcoma in both hemispheres.
Signs of haemorrhage are visible (high signal from methaemoglobin). BB)) T2-weighted MR image shows
heterogeneous brain metastasis from angiosarcoma in the right hemisphere, with a large adjacent region
of oedema. 

BB

FFiigg..  22..  Contrast-enhanced T1-weighted MR
image shows intensive enhancement of two
intracranial metastases. A larger lesion is locat-
ed in the brain parenchyma with an infiltration
of dura matter. A second lesion is visible in the
dura of the cerebral falx.

FFiigg..  33.. Native CT scan shows bilateral subdural
haematomas with generalised brain oedema. 

AA
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FFiigg..  44..  Pathology of selected tumours (RMS and GCT). AA)) BM of RMS with wide perivascular invasion and
astroglial reaction in the surrounding tissue (HE, 200×). BB)) BM of mixed sacral GCT composed of yolk sac
tumour component. The well-defined borders of the tumour can be observed (HE, 100×). CC)) AFP immu -
nopositivity of neoplastic cells and intraluminal product (AFP, 400×). DD)) Primary testicular tumour pre-
dominantly composed of mature teratoma (HE, 100×). EE)) BM composed of choriocarcinoma (HE, 200×).
FF)) Intensive astrogliosis surrounding yolk sac tumour BM (GFAP, 100×).

AA BB

CC DD

EE FF
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FFiigg..  55.. Pathology of selected tumours (PPB, CCSK). AA))  Primary renal tumour – clear cell sarcoma of the kid-
ney (CCSK) (HE, 200×). BB)) BM of CCSK from the first resection composed of solid anaplastic component
(HE, 200×). CC)) Primary focus of pleuro-pulmonary blastoma (PPB) with areas of diverse differentiation com-
ponents (HE, 200×). DD)) PPB BM composed of small blue cells with aggressive perivascular invasion of the
nervous tissue (HE, 200×). EE)) Vasogenic brain oedema and lymphocytic perivascular infiltrates in peritu-
moural brain tissue (HE, 100×). FF)) Microglial reaction with ramified and foamy cell forms accompanying BM
(CD68, 200×).

AA BB

CC DD

EE FF
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included significant vasogenic oedema, prominent
astrogliosis (cellular and fibrous) and inflammatory
response. A vascular reaction in the form of prolife -
ration of small blood vessels (angiogenesis) and vas-
cular dilatations was present in the cerebral tissue.
The immunological reaction to the BM was observed
in the form of macrophage infiltrates (positive for
LCA and CD68) with ramified forms, foamy cells or
haemosiderin-laden macrophages as well as lym-
phocytic perivascular infiltrates (Fig. 4F, 5E, 5F).  

Discussion

Brain metastases constitute a rare complication
in paediatric tumours. The reasons for the difference
between paediatric and adult tumours in this regard
are not fully understood. One possible explanation
involves the histological spectrum of paediatric
tumours. The rarity of BM in paediatric cancer pa -
tients can also be explained by the different thera-
peutic oncological approaches used compared to
those used for adults. Most paediatric malignancies
are chemosensitive and are treated aggressively,
and it is possible that the less mature blood-brain
barrier in children enables penetration of the drugs
into the cerebral parenchyma. However, most sys-
temic treatments can transiently weaken the blood-
brain barrier and allow neoplastic cells to be seeded
in the CNS, so the brain may be a “sanctuary site”,
that is, a place where neoplastic cells may persist
[10]. In general, there are two main pathophysiolo -
gical hypotheses for BM development that involve
either haemodynamics or “molecular recognition”.
Roughly 20% of the cardiac output goes to the brain,
so it is obvious why lung tumours, both primary and
secondary, are a frequent source of BM. The mole-
cular recognition hypothesis involves an affinity bet -
ween tumour cells and the host tissue. An example
is the predilection of breast cancer with a HER2 am -
plification to generate BM, which can be explained
by the fact that HER2 ligands (heregulins) are wide-
ly expressed in brain tissue [6]. 

Some of the current treatment protocols used in
paediatric oncology practice recommend performing
brain imaging studies at the time of cancer diagno-
sis and later on at certain phases of treatment.
Imaging studies that are useful for BM detection
include CT and MR. In a non-enhanced phase, meta -
stases may have different densities as found by CT
examination. Hypodense foci indicate necrosis while

hyperdense ones may reflect intratumoural bleeding
or calcifications. Contrast-enhanced CT usually re -
veals peripheral enhancement and a surrounding
oedema. Contrast-enhanced MRI detects two to
three times as many lesions as contrast-enhanced
CT, especially le sions smaller than 5 mm in diameter.
In T2-weighted images, BM have elevated signals,
while in T1-weighted images, their signal is reduced
or not visible. Intratumoural bleeding during the
methaemoglobin phase is visible as a hyperintensity
in T1-weighted images. The characteristic oedema
surrounding the metastatic foci is most visible in 
T2-weighted images and FLAIR sequences [14]. Neu-
roimaging findings in our series of patients were
typical for BM, except from a case of RMS with sub-
dural haematomas. The haemorrhagic picture of the
metastases is quite typical for choriocarcinoma,
which is angioinvasive, as it is devoid of blood ves-
sels [9,24]. 

Neuropathological studies on BM in children are
very few [7,26]. In the current study, the frequency of
BM in children with malignant solid tumours was 2%.
All lesions were located in the supratentorial region
of the brain, as in the report by Matthay et al. [14]. In
six of our patients, the pulmonary metastases or pul-
monary tumour locations coexisted with BM, which
was also found in other reports [3,8,18]. This suggests
that the haemodynamic hypothesis of metastatic
processes is more suitable in paediatric cancer.

The optimal treatment for patients with BM
depends on the tumour type, the number of brain
lesions and the presence of other systemic metas-
tases. For patients with solitary metastases and no
systemic disease, surgery followed by radiotherapy
and/or chemotherapy may be the best treatment
[3,8]. It is recommended to use high-dose radiother-
apy ± surgery in such patients [5]. For patients with
multiple BM, chemotherapy and radiotherapy only,
without surgery, may be of value [18].

It is generally acknowledged that the prognosis
of patients with extracranial solid tumours with BM
is poor. The majority of children die from disease
progression even if the brain lesions remain under
control [18]. In the present group of patients, seven
died, all due to disease progression. In five cases,
CNS involvement was the direct cause of death.
Three patients are still alive, all diagnosed with GCT.

Our series includes three children with STS and
BM. A 14-year-old girl with angiosarcoma of the right

Brain metastases in paediatric patients – characteristics of a patient series and review of the literature
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atrium and ventricle of the heart developed rapid
and direct spread of cancer to the lungs and brain.
In the patient with alveolar RMS, neurological signs
due to bilateral subdural haematomas occurred dur-
ing pancytopenia after chemotherapy. Massive neo-
plastic perivascular infiltration of the CNS was
detected histologically in the autopsy sections. 
The third STS patient primarily had disseminated
RMS with disseminated intravascular coagulation,
and multiple cortical BM were also present in this
unusual course of disease [1].  

In GCT patients, BM are most common in extra-
 gonadal tumours, in advanced stages of the disease
[24] and in tumours with choriocarcinoma elements
[8,24]. Previously, the frequency of brain involvement
in GCT was estimated at 3.7%, but in recent years
this level has gradually begun to drop. This decrease
is a result of both intensive multi-drug chemothera-
py protocols and accurate monitoring of the course
of the disease using BHCG and/or AFP levels [24]. 
In our series, there were three GCT cases with BM –
two testicular tumours in adolescents and one
extragonadal tumour in a young girl. Two of these
GCT were mixed tumours, and the third case was
a pure choriocarcinoma. 

Over 50% of NBL cases are diagnosed with dis-
seminated disease at the time of initial diagnosis.
A high frequency of haematogenous bone, liver and
bone marrow metastases is in contrast to infrequent
BM, constituting only 5% in a large dataset [14]. In
the course of NBL, CNS invasion usually results from
direct extension of the disease from the foci in the
adjacent cranial bones and orbital metastases
[10,14,18]. One of our patients had a solitary meta -
static relapse in the brain. She underwent subtotal
surgical resection of the brain lesion and received
multimodal oncological treatment. Permanent CNS
remission was achieved; however, the patient died
from bone metastases 39 months after BM diagno-
sis. Similarly, a boy with OSA with totally resected
BM died 11 months after neoplasm diagnosis
because of multiple lung, abdomen, skin and bone
metastases. 

Among paediatric cancers, PPB is the tumour with
the highest rates of BM, especially in types II and III,
where CNS involvement is detected in up to 25% of
patients [20]. Pleuropulmonary blastoma is an extre -
mely rare and particularly aggressive tumour origi-
nating from the pleura and pulmonary mesenchyme
in young children. BM are also frequent in another

very rare type of paediatric tumour, CCSK. This
tumour disseminates frequently to the bones. In
CCSK, haematogenous CNS disease is observed in 
5-11% of children [22]. Our series included one
patient with CCSK and one with PPB type II. In both
patients, BM showed an even more aggressive histo-
logical character than the primary tumours.

The neuropathological diagnosis of BM in pae-
 diatric oncology is simpler than in adult patients. In
adults, a primary neoplastic focus is relatively often
investigated, or the overall therapy is established
based on the neuropathological BM diagnosis. In
such cases, careful differential diagnostics with wide
immunohistochemical analyses are frequently neces-
sary [2]. In children, the primary focus is almost
always recognised. However, the possibility of erro-
neous primary diagnosis does exist and occurred in
one of our patients. 

Nevertheless, the histological characteristics of
the presented series are interesting in several
aspects. For example, in the case of NBL, the primary
untreated adrenal tumour and its BM had a similar
appearance because the local residual abdominal
mass after chemotherapy showed a mature histolo -
gy. However, it relapsed in the form of a single BM,
which showed immature morphology. It seems that
this tumour was derived from a residual chemore-
sistant immature neuroblastic cell population that
may have been dormant in the CNS “niche”. Fur-
thermore, in three cases, we observed that BM
showed more primitive histology with a higher pro-
liferation index than did the primary tumours. This
phenomenon concerned patients with PPB, CCSK
and RMS. In these tumours, the brain infiltration pat-
tern was also very invasive. Two initial malignancies
arose from tumours with widely infiltrative spread
because the third was disseminated via perivascular
and perineural infiltration without tumour mass for-
mation. We next looked at GCT, in which the
metastatic foci can differ histologically from the pri-
mary mass [25]. These histological differences 
are detected in mature teratomas, which can create 
secondary foci of immature germ cell components,
for instance, in the case of choriocarcinoma. Ano ther
rare possibility is a “burnt out” gonadal GCT with
metastases of choriocarcinoma tissue [24,25]. This 
is connected with the specific biology and differen -
tiation pathways in this group of tumours. One of
our patients had testicular mature teratoma and
meta sta ses composed of choriocarcinoma tissue. In
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another patient, the metastatic component from
mixed GCT consisted of yolk sac tumour. 

In conclusion, our study confirms that BM in pae-
diatric solid tumour patients are rarely encountered.
The best prognosis occurs in children with GCT. 
The histopathological picture of BM can be different
from that of the primary tumour, showing dediffe -
rentiation or a diverse neoplastic component. An au -
topsy examination can still be helpful in the estab-
lishment of the final diagnosis in certain cases with
an atypical clinical presentation.

RReeffeerreenncceess  

1. Bień E, Maciejka-Kapuścińska L, Niedźwiecki M, Stefanowicz J,
Szołkiewicz A, Krawczyk M, Małdyk J, Iżycka-Swieszewska E,
Tokarska B, Balcerska A. Childhood rhabdomyosarcoma meta -
static to bone marrow presenting with disseminated intravas-
cular coagulation and acute tumour lysis syndrome: a review
of the literature apropos of two cases. Clin Exp Metastasis
2010; 27: 399-407.

2. Biernat W. Metastatic tumours of the central nervous system –
a pathological approach. Folia Neuropathol 2009; 47: 228-233.

3. Bouffet E, Doumi N, Thiesse P, Mottolese C, Jouvet A, Lacroze M,
Carrie C, Frappaz D, Brunat-Mentigny M. Brain metastases in
children with solid tumors. Cancer 1997; 79: 403-410.

4. Buckner JC, Brown PD, O’Neill BP, Meyer FB, Wetmore CJ, 
Uhm JH. Central nervous system tumors. Mayo Clin Proc 2007;
82: 1271-1286.

5. Deutsch M, Orlando S, Wolmann M. Radiotherapy for metasta-
ses to the brain in children. Med Pediatr Oncol 2002; 39: 60-62.

6. Eccles S, Welch D. Metastasis: recent discoveries and novel
treatment strategies. Lancet 2007; 369: 1742-1757.

7. Graus F, Walker RW, Allen JC. Brain metastases in children. 
J Pediatr 1983; 103: 558-561. 

8. Kebudi R, Ayan I, Gorgun O, Agaoglu F, Vural S, Darendeliler E.
Brain metastasis in pediatric extracranial solid tumors: survey
and literature review. J Neurooncology 2005; 71: 43-48.

9. Kobayashi T, Kida Y, Yoshida J, Shibuya N, Kageyama N. Brain
metastasis of chorioncarcinoma. Surg Neurol 1982; 17: 395-403.

10. Kramer K, Kushner B, Heller G, Cheung N-K. Neuroblastoma
metastatic to the central nervous system. Cancer 2001; 91:
1510-1519.

11. Laningham FH, Kun LE, Reddick WE, Ogg RJ, Morris EB, Pui Ch-H.
Childhood central nervous system leukemia: historical per-
spectives, current therapy, and acute neurological sequelae.
Neuroradiology 2007; 49: 873-888.

12. Margolin JF, Steuber CP, Poplack D. Acute lymphoblastic leu -
kemia. In: Pizzo PA, Poplack DG (ed.). Principles and practice of
pediatric oncology. Lippincott Williams & Wilkins, Philadelphia
2002; pp. 489-544.

13. Marina NM, Pratt CB, Shema SJ, Brooks T, Rao B, Meyer WH.
Brain metastases in osteosarcoma: report of a long-term sur-
vivor and review of the St. Jude Children’s Research Hospital
Experience. Cancer 1993; 71: 3656-3660.

14. Matthay K, Brisse H, Couanet D, Couturier J, Benard J, Mosseri V,
Edeline V, Lumbroso J, Valteau-Couanet D, Michon J. Central
nervous metastases in  neuroblastoma. Radiologic, clinical and
biologic features in 23 patients. Cancer 2003; 98: 155-165.

15. Matyja E, Naganska E, Gorski R, Zabek M. Multiple brain metas-
tases from malignant peripheral nerve sheath tumor (MPNST).
Folia Neuropathol 2004; 42: 43-48.

16. Nussbaum ES, Djalilian HR, Cho KH, Hall WA. Brain metastases.
Histology, multiplicity, surgery, and survival. Cancer 1996; 78:
1781-1788.

17. Parasuman S, Langston J, Rao BN, Poquette CA, Jenkins JJ, Mer-
chant T, Cain A, Pratt CB, PappoAS. Brain metastases in pediat -
ric Ewing sarcoma and rhabdomyosarcoma. The St Jude Chil-
dren’s Research Hospital experience. J Ped Hematol-Oncol
1999; 21: 370-377.

18. Paulino AC, Nguyen TX, Barker JL. Brain metastasis in children
with sarcoma, neuroblastoma and Wilms’ tumor. Int J Radia-
tion Biol Phys 2003; 57: 177-183.

19. Pavlidis N. Cancer of unknown primary: biological and clinical
characteristics. Ann Oncol 2003; 14 (Suppl 3): iii11-8.

20. Priest JR, Magnuson J, Williams GM, Abromowitch M, Byrd R,
Sprinz P, Finkelstein M, Moertel CL, Hill DA. Cerebral metastasis
and other central nervous system complications of pleuropul-
monary blastoma. Pediatr Blood Cancer 2007; 49: 266-273.

21. Rodriguez-Galindo C, Pappo AS, Kaste SC, Rao BN, Cain A, Jenk-
ins JJ, Kun LE, Pratt CB. Brain metastases in children with mela -
noma. Cancer 1997; 79: 2440-2445.

22. Seibel NL, Li S, Breslow NE, Beckwith JB, Green DM, Haase GM,
Ritchey ML, Thomas PR, Grundy PE, Finklestein JZ, Kim T,
Shochat SJ, Kelalis PP, D’Angio GJ. Effect of duration of treat-
ment on treatment outcome for patients with clear-cell sarco-
ma of the kidney: a report from the National Wilms’ Tumor
Study Group. J Clin Oncol 2004; 3: 468-473.

23. Smith MA, Gloeckler Ries LA. Childhood cancer: incidence, sur-
vival and mortality. In: Pizzo PA, Poplack DG (ed.). Principles and
practice of pediatric oncology. Lippincott Williams & Wilkins,
Philadelphia 2002; pp. 1-12.

24. Spunt SL, Walsh MF, Krasin MJ, Helton KJ, Billups CA, Alvida
MC, Pappo AS. Brain metastases of malignant germ cell tumors
in children and adolescents. Cancer 2004; 101: 620-626.

25. Ulbright TM. Germ cell tumors of the gonads: a selective
review emphasizing problems in differential diagnosis, newly
appreciated, and controversial issues. Modern Pathol 2005; 18:
S61-79.

26. Vanucci RC, Baten M. Cerebral metastatic disease in childhood.
Neurology 1974; 24: 981-985. 

27. Wang CH, Lee N, Lee LS. Succcessful treatment for solitary
brain metastasis from alveolar soft part sarcoma. J Neurooncol
1995; 25: 161-166.

Brain metastases in paediatric patients – characteristics of a patient series and review of the literature

FOLIA 4 2011:Folia4-2005.qxd 2011-12-15 15:18 Strona 281


