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INTRODUCTION

In children, the majority of primary supratentorial hemispheric tumors are
gliomas. In contrast to adults, high-grade lesions are significantly less common
than low-grade lesions, comprising only 20% of all hemispheric lesions in
pediatric series. Overall, malignant gliomas represent approximately 6.5% of all
newly diagnosed childhood intracranial neoplasms; this comes to an incidence
of approximately two cases per million children annually. We have ample
studies to understand adult high grade lesions over many years. By contrast,
high-grade lesions in children and adolescents have remained a relatively
under-investigated disease. Unlike the adult counterparts, paediatric high-grade
lesions are not only distinct in their cytogenetic and molecular alterations. They
will also show distinct type of lesion and difference in their distribution.
Treatment and outcome also varies when compared to adult tumors. Here is an
attempt to summarize and evaluate the epidemiology, clinical presentation,
histopathological features, treatment, and outcome of pediatric high grade

lesions



Review Of Literature:

Malignant brain tumors are the leading cause of cancer-related death and
account for 20% to 30% of all childhood malignancy. The annual incidence of
brain tumors has been rising, because of newer diagnostic modalities. There is
slight male dominance, so many studies consistently showing a male/female
ratio of about 1.5. More favourable histological subgroups have been found to
occur in adolescents, whereas higher grade lesions, unfavourable sites, and

poorer prognosis generally reported in children below 3 years®.

The brain tumors occurrence in childhood and adulthood differs not only in
histology but also in location’. Most of the childhood CNS tumors are
infratentorial®>, in contrast to adults. In most of the studies reported
supratentorial tumors are most common in below 6 months of age; however,

location reverses after 2 years of age®.

Age is also plays an important role in prognosis for children with brain tumors in
general. Data analysis on survival rates shows survival is longer in age
groupl0- to 15-years than those who are younger than 2 years. The overall
survival rate of childhood brain tumors has improved considerably over the past
several years can be attributable to earlier diagnosis and availability of better

therapies®



Classification of tumors allows physician to make accurate prediction regarding
the natural course of the disease. Response to certain treatment and prognosis
can also be derived from a classification®>. CNS tumors classified primarily

6 and sub classified on the basis of existence of

based on cell of origin®
specific cell type as well. However such tumors can differ in their histologic,
cytologic, and behavioural characteristics®®>. CNS tumors more broadly

categorized by occurrence of age group and location.

The nervous system composed of nerve cells and supporting cells called
neuroglial. Glial cells include astrocytes, oligodendrocytes, ependymal and

microglia which outnumber the nerve cells by approximately 3 times more.

Neuroepithelial Non neuroepithelial
Astrocytoma 50% -°' Germ cell tumors (2.5%)
Oligodendroglioma AT/RT(1.3%),

Ependymoma 10% Choroid plexus tumor (0.9%),
Microglioma Craniopharyngioma (5.5%)
PNET 1.9%;

Mixed tumors

Overall, the most common brain tumors seen in children are astrocytomas,
ependymomas, and germ cell tumors. The incidence of these tumors, however,
varies within age groups, and certain lesions tend to occur in particular age

during life. Before two years of age choroid plexus tumors, desmoplastic
3



infantile astrocytomas, teratomas, and neuroembryonal tumor are most
frequent. Between 3 to 11 years of age astrocytomas and craniopharyngiomas
predominate. After 12 years, germ cell tumors are most frequently encountered
and after 15 years the incidence high grade astrocytomas become more

common.

ONCOGENIC FACTORS

Population studies proposed that several syndromes and genetic markers have
been associated with brain tumor occurence.The disorders associated with
specific chromosomal abnormalities; leads to alteration in genes, which

typically regulate normal cell growth but, when altered, lead to tumor genesis.

Syndrome Genetic abnormality | Brain tumor association

NF1 chromosome 17 optic glioma

malignant nerve sheath tumor.?®

NF2 chromosome 22 Meningiomas and  vestibular

schwannomas.®

Tuberous sclerosis | chromosome 9 Astrocytomas.

VHL syndrome chromosome 3 Cerebellar hemangioblastomas.




Several common brain cancers are linked to certain genetic tumor markers that
are prognostic indicators. Examples include over expression of the oncogene
p53 in childhood gliomas. p53 mutations seen in approximately 40% of
malignant childhood gliomas after 3 years age®® and associated with a poor
prognosis independent of both the clinical and histology®. Interestingly, choroid

plexus tumors are intraventricular epithelial tumors, stain for the INI1 gene.

CLINICAL FEATURES

It is imperative to the physician be able to recognize the signs and symptoms of
brain tumors in children at initial encounter which are almost accounts for one
fourth.® The signs and symptoms like raised intracranial pressure (ICP), focal
neurological deficits, at diagnosis are typically dependent on tumor location.
The signs and symptoms may be progressive and can delay in making
diagnosis by doing lengthy investigations. Brain tumors should be a part of
differential diagnosis in a child presented with the aforementioned symptoms,

because early diagnosis plays role not only in treatment and also in prognosis™®

Raised intracranial pressure (ICP):

Approximately 40% of childhood intracranial neoplasm’s presents with raised
ICP feature. The symptoms of elevated ICP are morning headache, nausea,
and projectile vomiting and generalised weakness.>*** Less commonly

enlarged head and a prominent fontanelle can be seen in infants.'



Hydrocephalus is most commonly seen with infratentorial tumors when

compared with supratentorial tumors.

Seizures
Seizures usually seen with supratentorial lesions, increases with age and may

also be a sole sign.®

Focal neurologic deficit:

Focal neurological deficits frequently seen in supratentorial tumors; either
because of the local mass effect or infiltration; the deficits vary according to
location?. Paralysis of up gaze, paresis of accommodation and convergence
nystagmus occurs due to compression of midbrain tectum and collectively

called as Parinaud’s syndrome.

Others:
Weight loss or gain, growth retardation, precocious or delayed puberty, and
excessive thirst and urination are more commonly associated with tumors

located near the pituitary gland and hypothalamus.

DIAGNOSTIC EVALUATION

Neuro-imaging plays critical role in the evaluation of a patient with a suspected
brain lesion. The introduction of computed tomography (CT) and MRI
revolutionized the management of brain tumors. CT and MRI now become the

mainstay not only in diagnosis, also in surgical planning and treatment.
6



Contrast administration in these studies essential in identifying subtle lesions,
as well as to demarcate the margins. However enhancement is not useful for
paediatric gliomas in predicting a cancer phenotype. Some childhood gliomas
like pilocytic astrocytomas, often show diffuse contrast uptake despite being

lower grade.

Newer developments in CT and MRI have led the lesion further distinguish
abnormal tissue. These imaging modalities are not only useful in pre op
diagnosis but also in postoperative period for surveillance of tumor to identify
residual or recurrent, secondary malignancies, or secondary effects of therapy
such as radiation-induced necrosis. Fluid-attenuated inversion recovery (FLAIR)
MRI images are better in differentiating the tumor from adjacent normal
parenchyma by blunting the hyper intense signal produced by cerebrospinal
flud on T2-sequences.’? In addition, spectroscopy (MRS) provides the
metabolic biochemical components of cells.>**!* Especially, MRS provides
information about peaks of the neuronal membrane turnover marker like N-
acetylaspartate, choline, as well metabolic marker like as lactate and creatinine
2813 Not only the level of markers, their ratios can also help to delineate brain
tumors, and also to differentiate neoplasia from radiation necrosis.®** However,
MRS should be used with caution, because alike patterns can also be found in
non neoplastic masses like abscesses and within different tumor types and it is

more appropriate for long-term follow-up.



Recent imaging modalities that can be used to detect CNS abnormalities are
Positron emission tomography (PET) and single-photon emission computed
tomography (SPECT). PET- FDG assesses uptake of the radioactive
metabolite, isotope 18F-fluorodeoxyglucose (FDG), which provides an objective
measurement of tissue metabolism. Higher the metabolically active more the
FDG uptake and usually seen in high grade lesions such as malignant tumors.
SPECT is capable of measuring the distribution of blood flow by detecting the

radioactive tracer technetium 99m (99mTc).'?*

there by increased levels of
99mTc uptake occur in metabolically active areas as well. 99mTc-SPECT as
well as PET help to delineate high grade areas within heterogeneous lesions

and differentiate between necrosis and recurrence.”***°,

However the diagnosis of some brain malignancies, does not end with standard
imaging, may require imaging of entire neuraxis. Some tumors like
medulloblastomas, germ cell tumors, ependymomas, and PNETs have a
tendency for dissemination within the nervous system.?'! If these are the
lesions for evaluation, imaging must include the entire nervous system to look
for small metastases preferably prior to surgery. Spinal imaging must be
performed preferably after 2 weeks following surgery, is necessary to avoid
blood product artefacts. In addition, CSF analysis also has a role to assignment
the treatment categories in patients with image negative drop metastasis.?
Germ cell tumors can produce several proteins, can be detected in body fluids.

Such markers include beta- hCG, alpha fetoprotein, and placental alkaline

phosphatase, whose levels can help to establish the diagnosis;®these markers
8



can also be assessed by immunohistochemistry of tumor tissue after biopsy or
resection.

TREATMENT:

Includes surgery followed by adjuvant therapy, surgery being the mainstay??.
Prognosis of brain tumors is mainly related to the order of surgical
decompression without significant neurological impairment. °. However, there
are exceptions to this rule ex:- Germinomas are known to be extremely
sensitive to radiation, with a long-term survival rate greater than 89% with
neuraxis irradiation alone.® If preoperative markers and biopsy; consistent with
germinoma surgical decompression not warranted and should proceed with
neoadjuvant therapy unless otherwise patient had hydrocephalus; it must be
treated first."* Endoscopic third ventriculostomy (ETV) is the treatment of
choice.™ Frequently, after ETV persistently elevated ICP, warrants permanent
CSF drainage like shunt.*® Additionally, tumors located in eloquent areas and
diagnosis is doubtful on imaging the role of surgery limited to biopsy only .**
Radiation therapy is avoided in young children especially below 3years of age,
due to its deleterious effects on neuraxis®. The choice field of radiotherapy to
be given is determined by the size, location and tumor tendency to spread in
subarachnoid space.®

Several studies reported that paediatric brain tumors are more responsive and
well tolerated to chemotherapy than adult counterpart. Various drug regimens
have been used in combination to increase efficacy and responsiveness. More
investigational therapies are under the focus and being developed in the hope

of improving drug delivery by the use of immunotherapy.?*® 7



GLIOMAS

Brain tumors can be classified depending on cell of origin: glial, neuronal,
mixed glial and neuronal, and primitive neuroectodermal. These can be
differentiated by using clinical history, physical examination and advanced
imaging technique. These tumors are unique in their molecular genetics.
Management options and prognoses of these tumors are entirely different from

such lesions in adults.

EPIDEMIOLOGY

Hemispheric tumors account for <26% of all primary brain tumors in children
beyond infancy*® Supratentorial low- and high-grade gliomas each occur
annually in less than 1 per 100,000 individuals younger than 20 years, with low-
grade being more common.*® Second most common tumor is Supratentorial
primitive neuroectodermal tumors (SPNETs) and more frequently reported in

less than 10 years.?° Male dominance reported only in oligodendrogliomas*®%

Familial genetic syndromes associated with likelihood for the development of
primary intracranial tumors. Other risk factors are history of previous nervous
system mass lesion, cranial irradiation or systemic malignancies, reported to be
increased risk for the development of secondary brain neoplasm?? Broniscer
et.al reported cranial irradiation is dose dependent predisposing factor for

development of secondary neoplasm. 23

10



GLIAL TUMORS

Imaging

Imaging features that help in predicting the biologic behaviour of hemispheric
tumors is 1.Density of cells 2.excertion of mass effect on surrounding tissue, 3.
Cortical tumor 4. Overlying bone changes. Symptomatic child suspected to

have brain lesion evaluation, begins with computed tomography (CT).

Differential findings on CT brain:

Low grade High grade
Hypo-dense Hyper-dense with surrounding
hypo-dense regions
Calcification 2
Remodelling ofthe inner table of
the skull
Cavitations’ is contrasted with the | Cavitations’ surrounded by contrast
well-circumscribed ring of heterogeneity
enhancement

MRI

Recent day’s magnetic resonance imaging (MRI) has become the standard
imaging modality of choice in evaluation of brain tumors. High-grade gliomas
have mixed signal intensity, with predominant hypo intensity on T1-weighted
and hyper intensity on T2-weighted images.?* A broad region of T2 or FLAIR
hyper intensity surrounding the tumor represents the highly infiltrative growth
characteristic and surrounding edema frequently seen in these aggressive
tumors. Regions of hypercellularity within the heterogenous lesion may reflect

as bright signal on diffusion-weighted imaging. Magnetic resonance

11



spectroscopy depicts the elevated levels of choline, N-acetylaspartate, and

lactate and a rise in the choline-to-creatine ratio. 2°

Pathology:
Glial tumors classified on their cellular composition. Histopathologic
examination is essential to differentiate high grade from low-grade lesions.

Grade Ill and IV are the World Health Organization (WHO) high grade lesions.

Grade Ill tumors display cellular pleomorphism, frequent mitoses, and the
hypercellularity lacking in grade Il lesions. Presence of necrosis changes the
tumor grade to IV. Both AA and (glioblastoma, demonstrate
immunohistochemistry positive for GFAP. A high index of proliferation confers

worsened prognosis.®

Treatment

Surgery:

Gross total resection is the primary goal of surgery in hemispheric tumors.
Biopsy never been recommended unless the tumor is located in such an area
that limit the ability to perform extensive resection. From an oncologic point of
view, extensive resection improves local tumor control as well as extent of life

irrespective of pathology.

12



Unlike adult counterparts, 5-year survival rate < 50% in paediatric high grade
gliomas #7?%2°3% Depulking of tumor more than 90% has been associated with
better outcomes in both AA and glioblastoma. ?" 3. The value of total

resection first has been instrumented in CCG studies 943 and 945.

five year event survival rate reported in GBM Anaplasn'c astrocvtoma
CCG B4 trial
Resection 90% or maore 33% i,

17%

ooy

subtotal resection

Differences in survival were statistically significant®**.The role of a second

resection in improving survival has yet to be well defined.

Aggressive tumor removal not advisable in tumors that infiltrate vital anatomic
compartments ex:- the primary motor cortex, descending corticospinal tracts,
dominant language centers, diencephalic or mesencephalic compartments, or

both hemispheres.

Goal of maximal tumor removal is also enhanced through the incorporation of
several operative adjuncts ex: integration of high-resolution MRI with triplanar
navigation intra operative modalities like ultrasound and MRI. Some reports
regarding resection under fluorescence has suggested improvement in order of

mass decompression. %
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Intraoperative brain mapping is an important safety mechanism for lesions
located around eloquent areas. Immaturity of brain in younger children may
render the direct stimulation ineffectual; detection of the phase reversal
potential is useful in these patients *’. Cortical localization of primary language
area is difficult in children younger than 1O0years, because it requires co

operation®® and this can be overcome by functional MRI.>*

Adjuvant therapy:

Radiotherapy

Noteworthy studies on adjuvant therapy evaluation for paediatric high-grade
gliomas, have included cranial irradiation as initial management in appropriate
children?”*>4°_ Data from recent studies suggest that role stereotactic radio

surgery, limited to patients, who are not a candidates for surgery. **

Radiation therapy is classically reserved for children older than 3 years due to
its well established cognitive risk.*?,”®. Reported secondary neoplasm following
radiation is significant, but it typically outweighed by the survival benefit in

patients with malignant lesions.**

Chemotherapy:
It has become standard adjuvant for paediatric high grade gliomas following
CCG 943 publication in 1989. The 5-year event-free survival rate in chemo-

radiotherapy was 46% when compared with radiotherapy alone 18%.

14



Chemotherapy is an even more important tool for children too young to undergo
irradiation. For high-grade glioma, the North American Paediatric Oncology
Group reported a 3-year event-free survival rate of 43% only with adjuvant
chemotherapy *! * In another recent trail under the French BBSFOP protocol
reported a <40% five-year event-free survival rate for chemotherapy alone
following decompression of tumor.3? Despite being safe in long term measures
chemotherapy in younger children, risk of myelosupression, and rate of
opportunistic infection is not negligible and must be recommended in poor KPS
score patients. Secondary malignant gliomas survival results are found to be in

dismal.

PRIMITIVE NEUROECTODERMAL TUMORS
Hemispheric SPNETSs included in neuroectodermal tumor group. Histologically
they are composed of hyper cellular blue cells that have scant nuclei and

frequent mitoses*. PNET have tendency to disseminate along the neuraxis.
PNETSs exhibit heterogeneous contrast enhancement with edema® and better
demarcated from normal brain parenchyma when compared with high grade

gliomas. Calcification and intratumoral haemorrhage can be seen

PNETSs are treated with multimodal therapy consists of surgery, irradiation, and

chemotherapy.

15



Role of surgery in PNET:

Aggressive resection has been shown to improve survival in children with
SPNETSs. Reported 4-year survival rate and 5-year event free survival is better
in patients who had post operative residue less than a 1.5-cm2 in series by

Albright’s Pittsburgh- 2% 447,

Role of RT in PNET

HIT TRIAL 63children Post surgical RT only significant

predictor for PFS

Mc Bride *° 15 patients with | Patients who has received radiation

RT+CT or CT only | therapy remained recurrence free

Primitive neuroectodermal tumor (PNET) has higher likelihood of dissemination
along the neuraxis unlike gliomas, favours craniospinal radiation along with

booster dose to the primary. *°

Chemotherapy has become the standard of management over the past 20
years in the initial management of PNETs at large institutions.”® > ¢ The
Prospective Trials by German Brain Tumor administered chemotherapy before
and after irradiation and reported a 49.3% 3-year progression-free survival rate
with optimal surgery followed by chemoradiation.®? Even though the efficacy of
“8-in-1” regimen in the treatment of high-grade glioma is demonstrable but
failed in childhood PNETs. *° The significance of temozolomide in PNET

treatment yet to be proved.
16



Unlike SPNET, reported 3year event free survival rates as high as 60% with

multimodal therapy in pineoblastoma,®?

probably due to these tumors are
amenable to complete resection and chemotherapy accounts for this survival

advantage, although there is no definitive evidence from literature..

Tumor genetics
Even though paediatric HGG histologically identical, they differ in occurrence of

genetic alterations when compared with adult lesions.

EGFR>
EGFR Amplification Over expression
Adult HGG +
Paediatric HGG <5% +

However, there is no clear evidence that neither EGFR gene amplification nor

over-expression has effect in terms of prognosis.®*>*°°

The TP53 is perhaps the most frequently reported genetic alteration in
childhood malignant lesions. CCG 945 study, reported that 33% lesions
harboured TP53 mutations.®”*® Sung and colleagues studied the molecular
genetics of 29 paediatric high-grade gliomas and found all but 1 to demonstrate
preferential inactivation of the p53.% In childhood tumors over expression of

p53 is an indicator of poor prognosis.>® However, there is no definitive evidence

17



of prognostic correlation in adults ®. The PDGF receptor has also been found

to be over expressed. ®

Investigation of medulloblastoma genetics, which may abide relevance in
understanding the molecular pathology in PNETSs, have revealed abnormalities

in activation of the Wnt, Hedgehog, and Notch pathways.®%°3

EXPERIMENTAL THERAPY
High-dose chemotherapy with autologous stem cell rescue for PNETs has been
shown to be of greater benefit and provide the potential for complete response

in children with recurrent disease.®

BBB prevents the medications to achieve therapeutic concentrations in brain
tumors. Children’s Oncology Group conducted phase | and Il trial to know the
effect of imatinib on recurrent tumors and role of lobradimil in combination with
carboplatin respectively. These trial concluded that there was no role of

lobradimil to increase the level of carboplatin in nervous system.®>

However, in nervous system greatest concentration can be achieved by
interstitial infusion; where by small catheters are used as a vehicle for direct
delivery of agents to the parenchyma® . In adults, phase | and Il as well as a
phase 1l trial on recurrent malignant gliomas used these technique to deliver

the recombinant immunotoxin interleukin-13-PE38 472,

18



Ependymomas:

Tumors arising from the ependymal lining of ventricle are the third most
frequent paediatric brain tumor. These tumors are surgically curable and
surgeon has a crucial role in the management. The current management
protocol childhood ependymoma is maximum safe resection followed by tumor
bed radiotherapy; chemotherapy is indicated in recurrent tumors not being used

as part of standard management protocol.

Overview

Ependymomas are <11% of paediatric brain tumors and the mean age of
presentation is around 5 years.”*"*™>® Approximately 4.5% of ependymoma
patients shows evidence of leptomeningeal dissemination at the time of
diagnosis’’ Different trial reported 5-year survival between 50% to 64%; and
progression free survival between 23% to 45%."*"3"87980 Recurs of tumor
typically seen at the site of the original tumor, but approximately in 18% of

cases there distant metastasis.

Intracranial 1/3 supratentorial | 58% in lateral ventricle or third ventricle
90% 42% away from ventricle
2/3 infratentorial Fourth ventricular floor (58%)

Lateral aspect (33%)

Roof of fourth ventricle (9%)

19




Prognostic factors
Extent of disease and amount of tumor decompressed at surgery are
considered to be the determining factors in prognosis of central nervous system

ependymomal tumors.

Extent of resection
The order of decompression is a single most important determinant of outcome

in ependymomas.

Resection order "*"® % | Five year survival Five year event free
survival

More than 90% 65-78% 50-74%

Less than 90% 22% t0 47% <25%

Repeated resection has been advocated by many authors in case of residual

tumor found on immediate postoperative imaging. %% % %*

Grade of tumor on histopathology

The role of histologic grading of ependymoma in determining the prognosis of
patients is controversial.”>8%848.87.9295 15 3 50 patient co hart of contemporary
ependymomas from St. Jude children hospital, reported 2year event free
survival in classic ependymoma significantly better than anaplastic
ependymoma and grade of the tumor only significant following irradiation in

terms of survival.

20




Age at presentation

Patients younger than 3 years of age at the time of presentation have a poorer

prognosis than older ones. Reported five-year survival rate of 61% for children

aged 2 to 3 years, significantly better than children aged below two years in

which five year survival only 26%.

Pathology

Ependymomas can be diagnosed straight forwardly by histopathologic

examination and immunohistochemical stain. Ependymomas exhibit moderate

cellularity with monomorphic nuclei; contain perivascular pseudorosettes, less

commonly true rosettes, rarely demonstrate endothelial proliferation, and they

are usually positive GFAP stain.

Grade-ii

Gradeiii

Nodules with increased cellularity and
mitotic activity. %

Brisk mitotic activity, vascular
proliferation, pseudopalisading necrosis,
clears ependymal differentiation,
perivascular pseudorosettes, cytologic
atypia, and microvascular atypia. %

Poor prognostic histopathologic features

Absent true ependymal rosettes or perivascular pseudorosettes.
Presence of necrosis, endothelial proliferation, and a mitotic index greater than 5

Role of mitotic activity in prognostification significant only in supratentorial

ependymomas as observed by some authors ¥’

21




Hereditary tumor syndromes

There is well documented association of ependymomas with hereditary
syndromes; however the majority are sporadic. Even though there is well
known association of NF2 with intramedullary spinal ependymoma, the
probability of increased risk of developing brain ependymomas is unclear.
There is no reported mutation of the NF2 gene in intracranial ependymomas,
myxopapillary ependymomas, or tanycytic ependymomas. *® The NF2 gene is
located on chromosome 22qg and loss of genetic material on same is well
known in intracranial ependymomas, but they do not harbour NF2 mutations.
This supports an existence of another distinct ependymoma tumor suppressor

gene in this region of the genome.

Ependymoma has also been reported in patients with the Li- Fraumeni and
Turcot's syndrome (due to a mutation in the p53, mutation of in the APC gene
on chromosome 5 and an overactive Wnt signalling pathway respectively). %
19 However, in sporadic ependymomas somatic mutations of p53 are not
commonly found and likely do not play a role in their pathogenesis.*** 12, And
the APC gene and Wnt signalling role in sporadic ependymomas has not been
elucidated. Some of the unrecognised familial syndromes have also been

reported with an increased occurrence of ependymoma. %31
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Cancer genetics
On G-banding karyotyping of ependymomas, there is frequent deletion of
98, 100, 106-

genes on chr 22q, 6q, 99, 17p, and 119 and addition of genes on 11q

111 | OH of chromosome 22q is more common seen in adult ependymomas.**

Neuroimaging

MRI is the cornerstone imaging modality in ependymoma evaluation. Children
diagnosed with brain ependymomas should undergo pre-operative imaging of
spine also. Postoperative imaging should be done before 3days of surgery or
couple of weeks later; in between this period difficult to interpret the extent of
resection probably post surgical artifacts. Leaving haemostats in the wound is
strongly discouraged; these can interfere with the interpretation of

postoperative imaging.

Ependymomas are notorious to spread to adjacent areas through existing
natural foramen. A careful and detailed inspection of all images is necessary for
accurate determination of the extent of the tumor, which will helpful in
preoperative planning treatment. Interpretation of ependymoma images can
pose a difficulty, because of its heterogenous enhancement pattern.
Supratentorial ependymomas have a distinct margin from the surrounding

normal tissue; hence their surgical management is straight forward

Keen observation of preoperative images is crucial for complete resection at

the time of surgery, to avoid probability of leaving the non enhancing part of
23



tumor. Most of the recurrence or tumor progression has been reported between
one to two years after the initiation of therapy. Earlier the detection of
recurrence on surveillance imaging increases the chance for alternative
therapies and better outcome in asymptomatic patients rather than in

symptomatic patients, however there is no definitive proof.*# 13

Preoperative spinal imaging useful to detect leptomeningeal spread, in about
5% of newly diagnosed ependymomas at the time of presentation. Evaluation
of spine with imaging should be delayed at least 7 to 10 days after any invasive

procedure on nervous system.

Only partial response has been reported with chemo radiotherapy. Even though
ependymomas appears to be decreased in size, contrast enhancement may
take approximately 1 year to disappear owing to disappearance of vascularity.
After full course of radiation therapy, recurrence rate found to be rare in first
year. Effect of chemo regimes on ependymomas may take six months to

become evident.

Initial surgery

Extent of resection has the greatest impact not only on the extent of life of
patient and also improves wellness of patient's further life. Childhood
ependymomas are most often locally invasive disease at the time of diagnosis.
Recurrence has been noted most often at the resection margin, but these

tumors are known to spread across the subarachnoid space and increase the
24



mortality. Only in 42-62% of patient with ependymomas could achieve complete

resection, which has paramount importance in patient survival.”*"®"98” Most of

the retrospective reviews and few of prospective trials have reported that gross

total resection has been overrated in ependymoma management.

73-76, 78-80, 84,87,

114 Complete resection is possible only in tumors that are supratentorial and

those originating from the roof of the fourth ventricle.

No.of patients | >90%
Resection order <90%
Sutton and colleagues " 60% 21%
Syear overall survival 45
Pollack and associates " 80% 22%
Syear overall survival
Perilongo and co-workers "
10year overall survival 92 70% 32%
10 event free survival 57% 11%
Robertson and colleagues °°[35 66% 11%

Prospective trial
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There is overwhelming evidence that cytoreductive surgery is beneficial to
children with ependymoma and supports maximal safe resection to lessen the

tumor burden to improve the chance of long-term survival.

Some studies have reported that surgery alone as a sole therapeutic option for
children with supratentorial localised ependymoma particularly in the absence
of high grade features on histopathology examination and when one can able to
remove a rim of normal parenchyma matter around the tumor margin.
Resection margin biopsies had been suggested if surgery alone used as the

therapeutic option.

Role of surgery in residual or recurrence

Repeat surgery has been advocated in patients who have not received near
total decompression, to reduce tumor load, except in those cases in which
resection may injure critical structures. Chemotherapy may delay the surgery if
given before second surgery owing to decrease in the vascularity of the tumor
and provides an opportunity for children to develop physically as well as

mentally. %% 11°

Redo decompression has been advised for ependymoma without any

deleterious effect on morbidity ***°

. From a 40 paediatric ependymoma cohort
from St. Jude children hospital, 90% of patients received >90% decompression
and reported successful resection in the order more than ninety percent even at

immediate second surgery may provide the opportunity to lower the dose of
26



radiation and increases survival time. There was a lower complication rate and
improved performance, if second look surgery performed before 30days. Local
recurrence that is amenable for surgical resection is an ideal condition for

cytoreduction thereby reduces the burden of tumor.

Surgical technique

Generous craniotomy may enhance the tumor margin visibility clearly, removal
of a thin rim of normal tissue advised in tumor at noneloquent areas. Pure
ventricular ependymomas are rare in supratentorial compartment. Preoperative

MRI is helpful in identifying the predominant feeding artery of the tumor.

Radiation therapy
Radiation following surgery has become a part of the standard of care for

116 reported survival rate of 17% for

ependymoma patients. Mork and Loken
patients who underwent surgery only and 40% for those who had received
radiation following resection. In a classic ependymoma withhold of radiation
after gross total resection with adequate margin is acceptable, but not in

anaplastic ependymoma. 85, 117

One year and two year delay in radiotherapy following surgery has worsened
the overall survival from 88% to 38% in a series of Paediatric Oncology Group
study. *** Ependymoma shows leptomeningeal dissemination in less than 5% of
newly diagnosed patients. Reported risk factors for metastasis are young age,

decompression less than 90%, high grade and high proliferative index on
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histology” *® Most of the recurrence do so at the primary site, regardless of the
location of the primary and or its histopathology grade.”®">"® There is no role of
prophylactic craniospinal irradiation in localised ependymomas as suggested

90,119,

by multiple retrospective trials.” 12The current recommendation

craniospinal irradiation only limited in patients with leptomeningeal spread.

Review of various studies had shown dose response rage for ependymal tumor
is between54-60 Gy, however the optimal radiation dose is still uncertain.*?**??
Conformal radiation therapy (CRT) limits the radiation dose highest at the
primary site, their by decreases the exposure dose of surrounding normal

parenchyma %,

In Stjude trial in 88 patient co-hart children reported
progression free survival of 74[1115% at 3years and less cognitive affect in
children who has treated with CRT following gross total resection. This study
included 54% of children, whose age was less than 3years during radiation

therapy.

Radio surgery use in ependymal tumor has been reported good local control
and no significant deleterious effect on brain*?®*'?°, Patients at high risk for
anaesthesia and very small tumors in eloquent area can be appropriately
managed by Stereotactic radio surgery. Role of repeat radiation following
surgery in recurrent ependymoma after maximal safe surgical resection of the
recurrence, in the form of fractionated external beam radiation has been

reported in some series.'?
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CHEMOTHERAPY

Chemotherapy is not a part of standard treatment, its role in the management
of childhood ependymal tumors still unclear. Reported response rate of
ependymal tumor to a sole agent is approximately 10%, and complete
response is less than 5%.'2" Cisplatin seems to be the most effective agent,
among the tried chemotherapeutic agents; however there is no survival benefit
in children who had shown response to chemotherapy. Cytotoxic
Chemotherapeutic agents did not show benefit in newly diagnosed

ependymomas. 7376 79 119, 121

Randomised control study conducted by
Children’s Cancer Group and Paediatric Oncology Group did not show any
survival extension in additional chemotherapy received group. A Societé
Internationale d’Oncologie Paediatric study reported 33% and 22% of
progression free at 2year and 4year survival following maximal resection in a
co-hart of 73 patients treated with chemotherapy for maximum of 18 months
without radiotherapy *?®. These results are significantly worse than historical
controls treated with radiotherapy following surgery. Inspite of maximum efforts

by paediatric oncology community, the role chemotherapy in the treatment of

children with localized ependymoma could not be concluded.

A prospective trial conducted by United Kingdom reported adjuvant chemo may
play a role in delay in start of radiation without affecting survival in children less
than three year age group with intracranial ependymal tumors. **° Some
authors suggested chemotherapy may also have a role before second surgery

for better tumor border delineation and easier dissection.
29



INTRACRANIAL GERM CELL TUMORS

CLASSIFICATION AND EPIDEMIOLOGY
Germ cell tumors can be classified according to histological picture, location of
the lesion, and the presence or absence of CSF dissemination. The WHO
histological classification describes six types, but from a treatment point of view
classifying them as germinomas, nongerminomatous germ cell tumors
(NGGCTSs), and teratomas is more helpful.

Distribution of tumors 3%

Germinomatous 50%

Non germinomatous

Embryonal carcinoma 5-10%

Endodermal sinus (yolk sac) tumor | 5-10%

Choriocarcinoma 5-10%
Mixed tumors 10-20%
Teratomas 10-20%

Teilum has demonstrated that the every subtype of germ cell tumor is either
embryonic like germinoma, teratoma or extra embryonic like NGGCT).*®
Presence of nongerminomatous component is shown to affect outcome in a

unfavourable manner, therefore sufficient tissue sampling for histologic analysis

and detailed evaluation of tumor markers are essential in directing the required
30



therapy. Germ cell tumors can also be classified according the location of
tumor viz. suprasellar and pineal region (because most of the intracranial germ
cell tumors occur in these region).*** 13" 138 pineal region tumors being more
common as compared to the suprasellar located tumors represented by 2 : 1
ratio. %137 Age and sex affect the distribution of germ cell tumor, with female
preponderance in suprasellar tumors and male preponderance in pineal region
tumor.3>137 All germ cell tumor taken together present during puberty. Tumors
with non germinomatous elements present early in life during childhood. **
Occurrence of tumor in both location i.e. Pineal and suprasellar location is
around 10%."%**" The reason behind this bifocal origin is still debated but most
accepted explanation is metastatic spread form one site to other rather than
separate origin of tumor at both locations. This former theory was supported by
presence of metastatic deposit on endoscopy..**® This metastatic deposit can
also explain the occurrence of tumor at atypical locations like basal ganglia and

posterior fossa. 3" 13

Clinical features

The clinical signs and symptoms depend largely on the location of the lesion
and few by tumour histology and patient age. Pineal region tumor was
characterised by perinaud’s syndrome or syndrome of aqueduct which
encompasses impairment of both up gaze and pupillary constriction to light,
retraction nystagmus on attempted convergence. They can also present with
raised ICT. Whereas suprasellar lesions typically cause disturbances of

hypothalamic pituitary axis****#*37138 Most common hormonal disturbance
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seen is diabetes insipidus, which is almost a rule. Visual blurring and field cuts
are also more common in suprasellar location of tumor.**”*° Diabetes insipidus
can also be seen in few subset of patients with purely pineal tumor, which
could be explained by the metastatic potential of such tumor to hypothalamus
and 3" ventricle floor.*3%3"13% Simijlarly, precocious puberty is mainly seen in
both genders if tumor is suprasellar location and only in males if the tumor is
present in pineal location. Precocious puberty is because of direct effect on
hypothalamus or by over expression of human chorionic gonadotropin by the

tumor.

NGGCTs are diagnosed earlier than germinomas. NGGCT’s are more
aggressive as compared to germinomas and hence diagnosed early.
Germinomas, normally present only features diabetes insipidus which is usually
undetected for many years before they seek medical attention,!30:37.140.141
Germinomas originating in ectopic locations like the basal ganglia or thalamus
have shown to present late with seizures, focal deficits, and cognitive

dysfunction before diagnosis.**?

Among the non germinatous tumors,
choriocarcinomas has tendency to present acutely because of accelerated
growth of tumor and propensity for bleed.®***" Germ cell tumors infancy
present mainly with raised ICP features macrocephaly, widely placed sutures,
and a tense fontanelle. *%3%13" Sometimes the presentation can be very

vague like failure to thrive and regression of developmental milestones making

diagnosis more difficult. Most of the time tumors in such cases are very large’*®
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DIAGNOSTIC EVALUATION

Teratoma by definition has components of all cell lineage, and has
heterogenous appearance on imaging. Presence of fat and bone which are
easily seen on imaging help in diagnosis of teratoma.'** . Same is not true with
other germ cell tumors which can mimic pineal parenchymal tumors and
suprasellar cystic lesion and difficult to identify on imaging. In the past such
limitations were overcome by using a indirect diagnosis of germ cell tumor was
giving test dose radiation which literally melts away the tumor and confirming
the same. Biopsy was reserved for non responder’s only.** But now the
protocol does not allow test dose radiation to be used for diagnosis instead
many CSF and blood tumor markers and advanced sequence MRI are being
increasingly used for this purpose. Tumor markers used are alpha-fetoprotein
(AFP) and beta-hCG, PLAP. AFP is elevated in yolk sac tumor, and beta-hCG
is elevated in choriocarcinomas. Placental alkaline phosphatase has been
shown to be specific for germinoma. If these tumor markers does not help in

making diagnosis then histologic diagnosis is warranted130,131,134,137,138.

AFP and beta- | High level Low level Absent
hCG
NGGCT Present Germinoma with | Biopsy

syncytiotrophoblastic

cells 146
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Another germinoma marker i.e. soluble c-kit present in CSF though has fairly

148
d

goo sensitivity and specificity, but the results have not be validated by

clinical series.

High propensity of CSF spread dictates evaluation of spine for metastasis. CSF
cytomorphology and contrast MRI are used for this purpose. Dissemination is
commonly seen in tandem germ cell tumors are around 10% of solitary either

pineal or suprasellar tumors.**> #°

Surgical management

In the management of germ cell tumors, role of surgery is primarily depends on
the histology and location. Tumors of the pineal region usually presents with
obstructive  hydrocephalus, which warrants some form diversion.
Ventriculoperitoneal shunt was the modality of diversion procedure, which not
only allows immediate relief of symptoms but also provides CSF for

examination. Shunt poses risk of shunt-related metastases 3% 134 1%

Most popular alternative for CSF diversion is endoscopic third ventriculostomy,
except in patient with suprasellar lesion where in Shunt remains a valuable
option. It allows internal CSF diversion, tissue for histopathological examination,
provide CSF for cytological and biochemical examination. Another option is to
do temporary diversion like EVD till the tumor is dealt with. Like radiation

therapy for germinoma which will melt the tumor and relive hydrocephalus.
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The next step after dealing with raised ICP symptoms is to get a tissue
diagnosis which can be accomplished, either by stereotactic or endoscopic
technique. Some surgeons prefer open biopsy, in view of risk of haemorrhage
associated with these approaches. ** A third aspect is tumor debulking, which
has some therapeutic benefit in selected situations. Ex: teratoma requires

surgical removal, because these lesions respond poorly to adjuvant therapy.

Role of surgery in germinoma is limited to tissue diagnosis only as they are
very sensitive to radiotherapy and chemotherapy ***. But NGGCTs has
different scenario, which contain many radioresistent teratomas, mixed germ
cell tumors. Most of the recent trials suggest initial adjuvant therapy to
eradicate the malignant component and remnant teratoma can be managed
with additional intervention like biopsy or decompression. 30137138, 152157

Management of residual / recurrent is controversial and the benefit of second

time surgery remains questionable. **°

ADJUVANT THERAPIES AND PROGNOSIS

One of the most important predictor of outcome in CNS germ cell tumor is
histology. Germinoma having a better prognosis compared to non
germinomatous tumors. Germinomas are very sensitive and amenable to both
radiation therapy and chemotherapy. Long-term survival and overall survival is
better in germinomas as compared to nongerminomatous. ****3" 1°8 presence
of metastasis and high levels of [1-hCG (a marker of syncytiotrophoblastic

elements) are poor prognostic factors. ****® However these factors do not
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preclude good survival rates, unless the therapy is appropriately

personalised. 4% 1%1,

Germinomas

Radiotherapy has been the mainstay of treatment for patients with germinomas.
The choice of application of radiation viz. teletherapy or brachytherapy is
controversial. Also the ideal dose that should be administered to the tumor bed

is variable, 137 162-164

The multi center Maligue Keimzelltimoren (MAKEI) series of prospective
studies demonstrated PFS rates > 90% with cranio spinal radiation doses of
3000 cGy supplemented with a booster dose of 1500 cGy to the tumor bed*®*
which provided a strong rationale for using these lower doses as opposed to
higher doses in previous studies. Reports in literature show that patients with
no distant spread respond better as compared to those who have
dessimination.'®>**’Some studies have demonstrated an higher failure rate with
local field therapy.'®® Around 96% PFS can be achieved with cranio spinal
radiation even in the presence of metastasis, therefore radiation is still the

treatment of choice.

Chemotherapy has shown some effectiveness in recurrent CNS germinomas.
Making use of this data, prior to giving radiotherapy, drugs were tried with the
intention of reducing the dose of radiation. *°®*"°. Allen et al reduced the dose

of radiation in patients who had complete response with cyclophosphamide and
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Cisplatin from 50 to 30 Gy for those with localized disease and the craniospinal
dose from 36 to 21 cGy for those with disseminated disease. *"* Sawamura and
co-authors also reported good response rates with 24Gy to the localised
germinoma, following preirradiation therapy with Cisplatin and etoposide. 2
Similarly, a phase Il study by the Paediatric Oncology Group subjected patients
to Cisplatin and etoposide regime and depending the response were subjected
to variable dose of radiation. They observe 95% response rate. Patients with
complete response were given 30Gy and those with incomplete response were

given 54Gy. With this regime they obtained 100% survival rate. Those with

multicentric disease received standard craniospinal radiation. "2

Such impressive chemotherapy results prompted researchers to harvest the
potential of only chemotherapy regime if any for the treatment of germinoma. In
a cohort of 45 patient exclusively treated with chemotherapy alone initial
response was excellent, relapse occurred in 48.8%. those who relapsed were
successfully treated with high dose chemotherapy and/or -craniospinal
radiation.!”® They used agents like carboplatin, etoposide and bleomycin, given
in four cycles.® The reported mortality rate was 10% with treatment itself.
Mortality due to the side effects of chemotherapy has nullified the favourable
response attained with only chemotherapy regime. It can be safely commented
and followed that chemotherapy can only helpful in reduction of radiation dose

and fields, but not for elimination of radiotherapy.
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SFOP preirradiation chemotherapy with etoposide and carboplating, | 96.4% at 3 year event free survival
alternating with etoposide and ifosfamide, was followed by | 23% at 8-year event-free survival
local radiation doses of 4000 Gy with 2-cm margins

Jﬂl]il]]ESE treatment with etoposide and either carboplatin or cisplatin | 28% recurrence rate in irradiation
followed by 2400-cGy local irradiation to the tumour plus a | 0% in whole-brain irradiation

stu d}r l-cm margin 6% in extended field radiotherapy

These results concur with smaller series from west demonstrating a higher

incidence of ventricular relapses in patients receiving focal radiation.*”

In some series of endoscopy microscopic tumor nodule were seen which were
not seen on pre operative contrast MRI raising the question false negative
results on MRI. There for tumor burden or diagnosis to tumor may be

underestimated in MRI.

Nongerminomatous Germ Cell Tumors

In contrast to starkling response of germinoma to radiation, similar effect is not
seen with non germinomatous tumors.(survival rates<40%,)3%:134137.138, 158, 175
Multiple radiation regime with varying doses have been tried with nihilistic
response. As mentioned above MAKEI series showed very poor disease
control rate with standard regime in NGGCT.*®* However, different histologic
subtypes of NGGCTs have variable sensitivity to radiation. A review by
Matsutani and associates studied the histological type with response to
radiation. They found around 30% response rate in embryonal tumors,
endodermal sinus tumors and choriocarcinoma. Outcome was more grave in
teratomas. But NGGCT with some germinomatous component conferred little

survival advantage. Thus optimal management of NGGCT’s area personalised

treatment depending on histology. ***
38



The overall outcome of NGGCTs is worse when compared to germinomas.
Because of poor response to radiation, multiple chemotherapeutic agents like
carboplatin, cisplatin, etoposide, cyclophosphamide, ifosfamide, and bleomycin
are being tried with varying success.'’" % Robertson et al. reported favourable
outcome with pre and post radiation chemotherapy with cisplatin and etoposide.
183 MAKEI study demonstrated 80% 5 yr survival rate with such chemo radiation
regime. They use cisplatin and etoposide before and ifosfamide and cisplatin
after radiation. Likewise, in the Paediatric Oncology Group implanting similar

regime obtained PFS of 60 months(n=14).1"2

Use of chemotherapy in germinoma raised the hope of replacing the radiation,
but such optimistic results were not seen with NGGCT. NGGCT continually
needs both chemotherapy and radiotherapy for adequate control of diseas.™*
18 In the First International Central Nervous System Germ Cell Tumor Study
Group trial, 26 subjects were administered 4 cycles of carboplatin, etoposide,
and bleomycin. Those with response received extra dose of chemotherapy and
those with partial response received radiation. Though initial response was
favourable in 80% of cases, 50% relapsed and 10% died because of
chemotherapy.®* In continuation the second trial came which added Cisplatin
and cyclophosphamide but the results were not fruitful, 36% PFS at 5 yrs*.
Similarly, Calaminus et al did a meta analysis of multiple European series and
reported that 80% of cases treated with cisplatin alone without radiation died,
whereas 74% in one series were disease free even at 4 yrs after receiving both

chemotherapy and radiotherapy. *®’
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Whether addition of chemotherapy for NGGCT’s reduces the need or dose of
radiotherapy is not established. NGGCT’s itself dictates craniospinal radiation
but it is more so if metastasis is detected. The recent SFOP'® studies noted
favourable results with induction chemotherapy and 5500-cGy focal
radiotherapy but with same dosage Robertson'®® et al reported 35% relapse

around the radiated field..*®°.

In summary, the highest PFS CNS NGGCTs are reported in trials with
multidrug platinum chemotherapy and cranio spinal radiation. Children’s
Oncology Group multi centre study was designed to strengthen the above
stated results with platinum bases chemotherapy. For residual or recurrent
tumors on imaging, the recommendation is to go for surgery in order to confirm
the histology of the enhancing part viz. fibrosis vs. tumor. The growing teratoma
syndrome is a well known fact and they are subjected to surgery not only for
histological confirmation but also benefit from debulking. If the histology comes
out to fibrosis or mature teratoma with falling tumor markers, it can be safely
said that patient has attained complete remission. Patients with more than 50%
decrease in tumor volume with normal tumor maker are also considered in
complete remission. And those with <50% reduction in tumor volume are

considered to have residual lesion.

Myeloablative high dose chemotherapy with stem cell rescue has been

successfully tried in extra cranial NGGCT’s. This approach was tried in non
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responders in cranial NGGCT's. the rationale of using this approached was re

187-190 191

enforced by the favourable response obtained in SFOP pilot study. and

in several other published reports, 173 192194

The study ACNS0122 will test the efficacy of a strategical treatment protocol to
improve outcomes in children with newly diagnosed intracranial NGGCTs. This
study has 100 patients dividing into groups based on serum markers and
response to therapy to understand the stratification technique for future usage.
At present the consensus is that there are some NGGCT which respond well to

standard treatment and some who require aggressive therapy.
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Choroid Plexus Tumors

Choroid plexus tumors can pose great challenge to treat. Surgical risk
increased by their significant vascularity, location, and the common occurrence
in young children. Low grade choroid plexus lesions are curable with surgical
resection alone, where the malignant forms shows long-term survival even with

multimodality therapy.

CP tumors representing less than 1% of all CNS tumors.’***%" However, they
represent a significant percentage of the tumors in infants. **® CP tumors arise
from the specialized neuroepithelial cells in the ventricles. These tumors have
similar structural appearance and function of normal choroid plexus, results in
excessive secretion of CSF and lead to HCP. Pure ventricular mass either in

child or adult must suspect CP tumors in the differential diagnosis.

History

The first description of a choroid plexus tumor by Guerard in 1832, in three
year girl autopsy. '*° The initial surgical resection and long term survival was
reported in year 1906 and 1919 respectively. 2°°?°* Till 1930s, research has
limited to rarity of these lesions and their association with HCP?°%2%_ van
Wagenen 2% reported good outcome following resection of ventricle tumor in an
infant in 1930. Various approaches like transcallosal approach by Dandy,
transfrontal approach by Masson to remove the third ventricular choroid plexus

tumor
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Incidence

CP lesions represent only 0.5% to 0.6% of all intracranial tumors and reported
to occur in all age groups. %% 19727 They represent up to 2.9% of all paediatric
brain tumors, but reported highest in infants between 10% and 20%.%% 28
Choroid plexus tumors known to occur in children 70% when compared to
adults and 50% in child less than two years.?*®!% Congenital tumors have
been reported 2°" 214217 Some reports have noted a slight male predominance,
whereas others have seen an equal distribution. %% 208212 218220 \ajignant form
of CP tumors have a significant tendency to metastasize through CSF. #*

Metastasis not only limited to carcinomatous one, the property also reported in

benign one also.

Histologic classification:-

CP papilloma

Anaplastic papilloma

Choroid plexus carcinoma 15% to 20% - 80% are found in

children.

Presentation:
The presenting features are varies with age of presentation and most of the

patients presents with features HCP??": 209213220 '{cp in CP tumors is due to

excessive secretion of CSF and outlet obstruction 209 210213, 222-228. Tpq

excessive production of CSF is also supported frequent resolution of HCP after

tumor resection and ascites following shunt but before tumor surgery. #*°
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However, increased rate of CSF production has been actually shown in only a

few patients 223,224, 227, 228

Reported rate of non responsiveness of HCP following tumor removal 45%, and

this could relate to surgery-induced haemorrhage or inflammation?®® 213 220. 227.

Various endocrine disturbances and diencephalic dysfunction may be a

manifestation of tumors in the third ventricle .2%> 231,

Location

Choroid plexus tumors location—?0% 208, 212, 213,227, 229, 232-235

Lateral ventricle 40% to 50%,
Third ventricle 4.5% to 10%
Fourth ventricle 40.3%
more than one ventricle 5.5%.

Pure extraventricular locations reported are CP angle and spinal subarachnoid

space®*?%’_ Bilateral tumors also been reported in literature.?'% 22% 233

Atrium is the most frequent location for CP tumors, although they can be seen
at foramen of Monro anteriorly and also in temporal horn, even though not
consistently reported they have predilection to occur on the left side.
Metastases look like normal choroid on histopathology and assumed to be
“drop” lesions. #*® There has been report of pulmonary metastasis in one

case®®,
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Arterial supply of tumors

240,241

anterior choroidal artery primarily in the atrium and temporal

horn

240,241

lateral posterior choroidal artery the temporal horn, atrium, and body of

the lateral ventricle

240,241

medial posterior choroidal artery roof of the third ventricle

posterior inferior cerebellar and the | fourth ventricle

superior cerebellar arteries

The blood supply to the intraventricular tumors is the same as for normal
choroid plexus in that ventricle. Vascular supply and anatomic relationships are

important for planning the surgical approach.

DIAGNOSIS
Imaging

Plain radiography are historical can show nonspecific calcium deposit in tumor

24

and widely spaced sutures.’®® 233 242243 Raimondi and Gutierrez ?** provide

excellent angiographic features in the diagnosis. However, currently

angiography has been replaced by MRA.

209, 213

CP tumors on CT will show a variable density usually well demarcated

and calcification occurs in about 10% and rather has brilliant enhancement?**

Malignancy suggested by cystic degeneration of tumor. ® In MRI CP tumors
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are variable in intensity on T2-weighted images show an intermediate to high
signal intensity, and the irregular flow void®" ?**. On MRS myoinositol and
choline peak reported in papilloma and carcinoma respectively?*® ?*’. This
could helpful in the management of carcinoma whether to embolization or

chemotherapy?*°

PATHOLOGY

Choroid Plexus Papilloma

Choroid plexus papillomas correlate with World Health Organization (WHO)
grade | classification.?*® On histopathology papillomas resembles the structure

of normal choroid plexus %% 2*°

and differs in cellularity and nuclear
pleomorphism.?*® The main histology distinguish feature is fibrillary neuroglial
stroma. A variant of papillomas undergoing malignant transformation, can show

brain invasion called atypical choroid plexus papilloma.?*%>*

Choroid Plexus Carcinoma

Malignant were included in grade 111.2** Cells in malignant form are tightly
packed, exhibit high proliferation and morphology variability in nucleus*® 2*°,
The malignant features in the carcinoma are usually prominent. Anaplasia,
absence of central stroma, high proliferative activity and necrosis, and giant cell
formation are the features of malignancy. 2°?*! The presence of brain invasion
suggests malignancy®®® however, there can be tumors with benign histologic

features shows some brain invasion.?%® 2%/
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Metastatic carcinoma in adults or neuroepithelial embryonal tumors in children
form a differential in the evaluation of choroid plexus tumors.?*® A combination
of cytologic, ultrastructural, and immunohistochemical evaluations can be used
to differentiate choroid plexus carcinomas from atypical teratoid/rhabdoid

tumors (AT/RT). 28

Atypical Choroid Plexus Papillomas
Demonstration of more than two mitoses figures per ten high-power fields on

histopathology 2*? and categorised under WHO grade 11.24®

Choroid Villous Hypertrophy
In 1924 Davis 2% described this as a bilateral entity. Excision by resection or
destruction by endoscopic coagulation of this plexus has resulted in the

resolution of symptom??”: 2% 260,

Immunohistochemistry and Molecular Biology

Choroid plexus tumors can stain for both epithelial and glial antigens. GFAP
and cytokeratin are positive in both papilloma and carcinoma but can also be
seen in normal choroid plexus.?*® %!, The cell proliferation markers (Ki-67, MIB-

1) are consistently low in papillomas where as high in Carcinomas. 26423
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Papilloma Carcinoma

S-100 #9252 55% to 90% variable Benign histology

(050% of cells)

GFAP 25% to 55% 20%

CEA ?® 29% 100% More aggressive

Chromosomal sequencing of Choroid plexus tumor demonstrate multitude of

chromosomal genetic aberrations.***

SURGICAL TREATMENT AND COMPLICATIONS
Review of literature shows high operative mortality and morbidity rates (26% to
64%)%% 299 243 in previous decades but recent results are favourable however

the perioperative death still happening. 2%8 220-244

The primary goal of CP tumor surgery is to achieve a gross total resection and
to alleviate any hydrocephalus (temporarily or permanently). The tumor location
necessitates an approach through normal neuron parenchyma, except in some

fourth ventricular lesions 2424

The standard surgical technique of internal debulking lead to massive bleeding
and endangerous the life of patients, hence early “vascular pedicle control” has
been strongly recommended.?'* 2** But early vascular pedicle control is difficult
in some tumors, this has led to recommendations for embolization of tumor
before surgery. ?** However, the option for embolization may be limited due to

inability to get vascular access in small children age less than one year.?** The
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best approach depends on tumor location within the lateral ventricle. While
taking decision on surgical approach consideration must be given to shortest

way to reach tumor and to the vascular supply

Tumor Surgical apparoach

location

Frontal horn | Middle frontal gyrus

Trigone Superior parietal lobule dominant hemisphere has

inherent risks

Temporal Middle temporal gyrus Limited exposure of the

horn vascular pedicle

Persistence of hydrocephalus is treated with CSF diversion procedure like
shunt. Occurrence of significant subdural fluid collection following surgical
resection of these tumors has been reported and these can be prevented by

use of a modified “brain patch” technique. ?*% %3 2%

OUTCOME

Surgical resection remains the most important factor in determining long-term
survival in patients with tumors of the choroid plexus. 2°% 209 213234, 266269 p|e
of adjuvant therapy not only limited to leptomeningeal spread, also used for

malignant tumors. Radiation plays a reasonable role in adults and older

children, but it has no demonstrable role in young children.
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Reported long term survival in papilloma is 90% to 100% only after gross-total
resection®®® #3234 Malignant choroid plexus lesions treated only with surgery

208, 256, 270,271

had a very poor outcome and combination chemotherapy after

surgery reported betterment in survival rate to 26% to 50% at 5 years. 2% 2%

266,267, 271-273

Aggressive resection and chemotherapy on malignant ones the reported
maximum long-term survival rate is70%.%* 2°% 274273 |nitig| biopsy to confirm the
diagnosis, followed by chemotherapy to reduce the bulk of tumor and a second
surgery to attempt complete excision has becoming the standard of

management.

The key in prolonging the life of a patient with choroid plexus carcinoma is to
achieve gross total resection, even with multiple surgeries if required. 2°% 213266
2" Recurrences tend to manifest early. % Role of chemotherapy following
gross total resection is controversial, but chemotherapy in incomplete resection

results in poor long term outcome.
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Materials and method

103 supratentorial high grade consecutive cases were diagnosed in patients
aged less than 19years between January 2000 and December 2010. Their
hospital records reviewed retrospectively including follow-up notes and imaging

studies.

Pre operative workup included a detailed neurologic examination and imaging
studies either CT or MRI depending on what was available. Extent of resection
determined by post operative CT scan in most of the cases which were
performed within 24hrs following surgery and grade of the tumor confirmed by

neuropathologist.

The patients underwent regular follow-up and clinical examination at each visit.
The follow-up period was defined as the period extending from surgery to the
most recent clinical visit or death. Patients did not turned up following discharge
and visit less than three months were considered as lost to follow up. Recurrent
tumor was judged according to findings on imaging studies, which were either

taken at regular interval or appearance of symptoms.

The outcome was analysed with respect to the following variables: age, gender,
extent of resection, tumour location, the histopathological variant, time of first
recurrence and survival. Data was analyzed using student t test, ANOVA and

chi square test.
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Inclusion criteria:
e Patients age less than 19yeras
e Histopathology diagnosis of high grade lesion.
e Supratentorial located tumors

Exclusion criteria:
e Patients age more than 19yeras
e Histopathology diagnosis of low grade lesions
e Infra tutorial tumors

e Patients available follow-up less than 3months

Order of resection of tumor
Gross total resection- G 99%

Near total resection- N more than 99%

Subtotal resection- S more than 50% but less than 90%

Biopsy- B less than 50%
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Results

In this present study there were a total of 103 patients identified to have
supratentorial high grade lesions between January 2000 to December 2010. A
total of 137 surgeries performed on 103 patients. Out of these 137 surgeries,
122 were surgeries related to tumors including biopsy, subtotal, near total or
gross total decompression. The remaining 15 other surgeries included CSF
diversion in 14 patients and one patient who underwent evacuation of post
operative sub dural hematoma. Out of 103 patients six patients never turned
back following surgery, seven had less than 3moths follow up and two patients
had expired during hospital stay. Follow-up of more than 36months in present
study is highest in grade Il gliomas 62.9%(17), followed by pineal region tumor

58.8%(10), PNET 57.1%(12), 43.7%(7) in grade 1V gliomas in 42% (3) in CPC.

Tabulation of follow-up

=Emaonths | &12Zmon 12-2amon | 24-36mon | 35-50mon | 60-120mon | =120maon Total
1 3 4 3 1 4 2 3 27
IV 3 2 4 5 i L] L] 15
FNET 1 3 5 Z 3 5 Z 21
FIMEAL 3 1 3 Z 1 5 1 i7
CPC 2 1 1 1 1] 2 ] 7
Total 12 11 18 11 10 22 -] EE
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Follow up in percentages

3-6 months | &-12Zmon 1z-24mon | 24-36mon | 35-60mon | 60-120mon | =120mon Total
I 100%(27) BE.E% [24) | 74%(20) 52.8%(17) | se.2%(is) | as.a%[1z) | 11%(3) 27
Iy 100%( 15 B1.2%(13) | sB.5%(11) | 43.7%[7) 12.5%(2) o o 18
PMET 100%([21) S5%(20) Bogd(17) | 57.1%(12) | a7.e%(10) | 33.3%(7) o.5%(2) 71
PINEAL 100%(17) B2.3%(14) | 75.4%(13) | sE.E%[10) | 47H(E) 41.1%(7) 5 B3[1) 17
CPC 100%(7) 71.4%]5) 57%(4 42%(3) 25%(2) 2E%(2) o 7
Total 100% [58) | B6.35%(7s5) | 73.55(55) | 55.68%(4o) | 43.1%(38) | 3LE1%(zE) | 5.E%(5) EE

O FRONTAL

B PARIETAL

L TEMPORAL

] OCCIPITAL

B THALAMUS

O PINEAL

B SUPRASELLAR
O VENTRICULAR
B OTHER

Distribution of high grade lesions in various lobes in supratentorial region
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MALE

FEMALE

0 58.30%
M 41.70%

Male and female ratio of supratentorial high grade lesions

OGLIOMA

B PNET

O PINEAL TUMORS
Ocpc

B ATRT

<14

>14

Age distribution of supratentorial high grade lesions

55



Astrocytomas grade (IlI>1V) were the most commonly found tumors flowed by

PNET, pineal region tumors and Choroid Plexus Carcinomas.

Out of 103 high grade lesions that were operated grade-Ill tumors accounted
for 28.1%.There was a slight male preponderance with the sex ratio in grade IlI
tumor being 1.4:1 (Male: Female).The hemispheric distribution was observed
almost equally with 13 patients having a left hemispheric lesion and 14 on the
right side also . Pineal and CC lesions were found in single patients
respectively. It was observed that Parietal lobe 37.9% (11) was the most
commonly involved lobe, followed by frontal(27.6%), temporal(13.8%),
thalamus(10.3%) and occipital lobes (3.4%). Observational analysis regarding
presenting symptoms revealed raised ICP features in 19 patients, followed by
seizures in five, focal neurologic deficits in 4 and diplopia in one patient.
Regarding tumoral size at presentation, it was seen that tumors more than
>6cm were found in 48.3% patients. Out of a total of twenty nine patients,
55.1% underwent gross or near total decompression. Postoperatively 75.9%
(22) received radiothepray and 24.1%(7) received combined chemo
radiotherapy. The two year progression free survival was 23.8% while 5 year

PFS 10.2%.
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Pathology1 = lll

N Mean Std.
Deviation
GorN 8| 4063 47.910
PFS BorS 8] 3113 41.201
Total 16| 35.88 43.445
GorN 5| 36.200 40.9658
0s BorS 7| 22.000 22.9565
Total 12| 27917 30.8411
Pathology1 = Il
N Mean Std.
Deviation
Meither 2 10.50 3.536
RT 10| 39.60 52.190
PFS only
Both 4 3925 27.765
Total 16| 35.88 43445 g
Meither 4| 10.750 16.9189
RT 4| 17.250 13,5247
05 only
Both 4 55.750 37.9594
Total 12 27.917 308411

PFS

pES

Survival

05

05

P Value
PES — .677
0S 458
>50%
cso%
P Value
PFS .707
0s 067

WATONLY1
COMBINE THERAPY 2

The mean progression free survival in months was 40.63 (SD of 47.10) months

in patients who underwent gross or near total decompression (8) and 31.3 with

SD of 41 in patients who had undergone biopsy or subtotal resection (8) which

was not statically significant p value-0.677. The overall survival was 22

(SD22.95) months in patients who underwent biopsy or subtotal decompression

and 36.2(SD 40.96) months in the gross or near total surgical group with a p

value of 0.458. The mean progression free survival in patients who received

radiotherapy was 39.6 (SD of 52.19) months, in patients who received both
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chemotherapy and radiotherapy the mean survival was 39.25 (SD 27.76)
months. The p value was 0.76 which was not significant. When coming to
overall survival RT group survival was (4)17.25(SD 13.52) months, in the

combined group it was (4) 55.75(SD 37.95) months with p value of 0.067.

Out of 103 high grade lesions grade-IV tumors were present in 19.4%. The sex
ratio in grade IV tumor is 1.8:1 (M:F) again with a male preponderance with
40% in left hemisphere while 60% were present in right hemisphere
involvement. Frontal and thalamus equally involved 6 (30%) in each, followed
by parietal lobe (4)20%, temporal lobe (3) 15% and ventricular (1) 5%.
Presenting features were raised ICP symptoms in (15) 75%, followed by
seizures were in (4) 20% and focal neurologic deficit in(1) 5%.Tumoral size at
the time of presentation in most of the patients was 3-6cm (14) 70%. 65% of
children underwent gross total and near total decompression and
postoperatively 75%(15) received RT, 25%(5) of them had taken combined

therapy. The observed one year progression free survival was 15%.

Pathology1 = IV PValue
N Mean Std. 0 PES 518
Deviation i: 0s 281
GorN 7| 857 4315 ij
P
PFS  BorS 4| 650 5916 % o
Total 1| 782 a7 | oo
GorN 6| 9500 105214 =
05  BorS 4| 17750 118989 |
Total 10| 12.800 11.2625 o *
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Pathology1 = IV P Value

N Mean Std. PFS 689
Deviation 25
Neither 2 5.00 1414 05 160
20
RT 7 8.29 4716
PFS only 1
Both 2 9.00 8485 %
g HRT ONLY
Total 1 7.82 411 1 COMBINED THERAPY
Neither 3| 3667 4.0415
5
RT 5| 19.200 11.8195
0s only 0
pES o5
Both 2| 10500 9.1924 Survhal
Total 10| 12.800 11.2625

The mean progression free survival was 8.57 ( SD of 4.3) months in patients
who underwent gross or near total decompression (7).and 6.50 (SD of 5.92) in
patients who had undergone biopsy or subtotal resection (4) which was not
statically significant p value-0.518. The overall survival was 17.75(SD of 11.9)
months in 4 patients who underwent biopsy or subtotal decompression and 9.5
(SD of 10.52) months in the gross or near total surgical group (6) with a p value
of 0.281. The mean progression free survival in seven patients who received
radiotherapy was 8.29 (4.71) months, in patients who received both
chemotherapy and radiotherapy the mean survival was 9 (SD 8.5) months. The
p value was 0.68 which was not significant. When coming to overall survival RT
group survival was (5 patients) 19.2 (SD of 11.8) months, in the combined

group it was(2 patients) 10.5 (SD of 9.2) months with p value of 0.16.

Out of 103 high grade lesions PNET tumors are 24.3%. Observed sex ration in

PNET is 0.9:1 (M: F), 28% in left hemisphere, 52% in right hemisphere, and
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20% at pineal region. Found lobe distribution 32% in frontal lobe followed by

28% in parietal lobe, temporal(8%), thalamus and intraventricular one in each

(8%), Presented with raised ICP features(44%), followed by focal neurologic

deficit(32%), seizures (16%) irritability and diplopia 4% each. Size of the tumor

at the time of presentation is >6cm in 36% patients. In 68% of children

underwent gross total and near total decompression and postoperatively

44%(11) received RT, 68%(17) taken chemotherapy. One and two year

progression free survival IS
Pathology1 = PNET
N Mean Std.
Deviation
GorN 4 20.25 23.042
PFS BorS 4 1875 11.701
Total 8 19.50 16.937
GorN 4| 15500 3.6968
0s BorS 4| 17.750 8.6554
Total 8| 16.625 6.2778
Pathology1 = PNET
N Mean Std.
Deviation
Neither 11 36.00
cT 4] 1050 5972
PFS  only
Both 3| 26.00 24,269
Total 8| 1950 16.937
Neither 2] 9500 49497
cT 4| 17750 43493
0s only
Both 2| 21500 6.3640
Total gl 16.625 6.2778

50% and 25% respectively.

P Value
PES 911
0S .649

215

2.

n>50%

PrS 0s

P Value
PFS
0s

30 7
25 1

20 4

-
w

Months

B CTONLY

COMEINED THERAPY

PFS o5

Survival
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The mean progression free survival was 20.5 (SD of 23.04) months in patients
who underwent gross or near total decompression (4) and 18.75 ( SD of 11.70)
in patients who had undergone biopsy or subtotal resection (4) which was not
statically significant p value-0.911. The overall survival was 17.75 (SD of 8.65)
months in 4 patients who underwent biopsy or subtotal decompression and
15.5 (SD of 3.69) months in the gross or near total surgical group (6) with a p
value of 0.65. The mean progression free survival in patients who received
chemotherapy was 10.50 ( SD of 6) months ( SD of 4), in patients who
received both chemotherapy and radiotherapy the mean survival was 26 (SD
of 24.3) months. The p value was 0.328 which was not significant. When
coming to overall survival Chemotherapy group (4) survival was 17.7(SD 4.34)
months, in the combined group(2) it was 21.5(SD of 6.4) months with p value

of 1.3.

In supratentorial high grade tumors, 7.8% consisted of choroid plexus
carcinomas. The sex ratio in CPC is 1.6:1 (M:F) which showed a male
preponderance, 25% in left hemispheric distribution while 62.5% were in right
hemisphere, and 12.5% in 3" ventricle, Presenting features included , raised
ICP in (62.5%), followed by seizures 25% and focal neurologic deficit (12.5%).
Size of the tumor at the time of presentation was >6cm in 25% and 3-6¢cm in
75% of patients. All of the patients underwent gross total decompression and
postoperatively 37.5% (3) received RT, 25%(2) taken chemotherapy. One year

progression free survival is 12.5%.
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Lastly, 19.4% of supratentorial high grade tumor consisted of pineal region
tumors. In which males (65%) were most frequently affected and presenting
features included raised ICP .Out of all pineal tumors, 61.8% patients
underwent gross or near total decompression and 39.2% and 65.2% received
radiotherapy and chemotherapy respectively. The mean survival was 9 months

in this group.

62



Discussion

Malignant brain tumors are the leading cause of cancer-related death and
account for 20% to 30% of all childhood cancers. CNS tumors are the most
common neoplasm among those 0-19 years old, with an average annual age-
adjusted incidence rate of 5.42 per 100,000. Overall, approximately 42% of all
tumors occurred in males where as 58% in females, but malignant ones were
more common in males 55% when compared to females 45%2. In this present
study we have observed that malignant tumors are predominant in males (59%).
Gliomas may occur at any age, but most commonly encountered in adults and
old age. Review of the current literature indicates an overall pediatric CNS
glioma incidence 20-30% of all pediatric cancers. There is slight male
predominance with female/male ratio is 1:1.5'® %> 2!, We observed that there is
slight male predominance in gliomas that is 1:1.3. Tumors with higher grade,
more unfavorable locations, and poorer prognosis have generally occurred in
younger than 3years. Overall, the most common CNS tumors seen in
childhood are astrocytomas, ependymomas, and germ cell tumors. Gliomas
accounts for 50-60%% “*** and PNET 1.9%; We also have found that gliomas
being the more common tumor followed in decreasing order PNET, pineal

region tumors and Choroid Plexus Carcinomas

Childhood pediatric high grade lesions are characteristically known to have
nonspecific symptomatology. The elasticity of skull and non cooperation makes

diagnosis difficult. Quite often a local swelling of cranial vault may be the first
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sign in many children. Common clinical manifestations of pediatric

lesions include signs of increased ICP, focal

Lymphoma
0.7 %
Oligoastrocytic
Tumors*
0.3%
Pilocytic
Astrocytoma
15.4 %

Oligodendrogliomas **
11%

Meningioma
26%
Glioblastoma* 2.9 %
Craniopharyngioma 3.6 %
Germ Cell Tumors
4.0%
Nerve Sheath Tumors
49% Embryonal
Tumors
12.0%
Ependymal Tumors*
52%

Neuronal and Mixed
Neuronal Glial Tumors*

6.9 %
Glioma Malignant, NOS*
All Other nrs
Astrocytomas®
8.6 %
Tumors of th o
Pituitary 10:2%
10.1%

high grade

Distribution in Children and Adolescents (Ages 0-19) of Primary Brain and CNS Tumors by CBTRUS Histology

Groupings and Histology (N= 22,535), CBTRUS Statistical Report: NPCR and SEER, 2007-2011

Other Nervous
System  Occipital Lobe
Meninges 1.6% 1.1%
28%

< Olfactory Tumors
Pineal 0.1%
Parietal Lobe 28 %

||
319 Cerebellum

15.9 %

Spinal Cord and
Cauda Equina
45%

Cerebrum

54 %
Pituitary and

A Craniopharyngeal duct

Ventricle 138 %

5.7 %

Cranial Nerves
6.1%

Other Brain

Frontal Lobe 13.7%

6.2%

Temporal Lobe

6.9 % Brain Stem

10.2%
a. Percentages may not add up to 100% due to rounding.

Distribution in Children and Adolescents (Ages 0—19) of Primary Brain and CNS Tumors by Site (N= 22,535), CBTRUS

Statistical Report: NPCR and SEER, 2007-2011.
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neurological deficits, seizures and other rare symptoms and signs based on

their location °*°

. We also observed raised ICP being the predominant
presenting symptoms followed by seizures and focal deficits in decreasing

order. A substantial proportion of our patients had visual symptoms also.

Overall, frontal lobe is the frequently affected (8.6%) followed by temporal
(6.4%), parietal (4.0%), and occipital lobes (1.1%) account for 20.1% of all
tumors. For malignant tumors, frontal (23.2%) lobe was most commonly
involved cerebral lobe followed by temporal (17.0%), parietal (10.9%), and
occipital (2.9%) account for 54.0% of tumors*®. In our series the most frequently
affected lobes are frontal and parietal with a combined frequency of 42.8%,

followed by pineal region 21.4%.

Gliomas represents approximately 28% of all tumors and 80% of malignant
forms where approximately 47.9% of tumors in less than 19 years of age
patients. There is a decline in incidence rates of gliomas and embryonal tumor
type between age groups 0-19. There is substantial increase in incidence of
tumors of the pituitary between 10 —19, whereas incidence of PNET is highest
in the 0—4 age group®®. We have observed that all PNETs before 14yeras of
age, gliomas incidence has been found decreased from 68.7% in below
l4years of age to 31.3% between 14-19 years of age. However in both age

groups glioma was the most common high grade CNS tumor

Glioblastoma is the second most frequently reported histology and the most

common malignant tumor. Glioblastoma accounts for 15.4% of all primary brain
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tumors and 45.6% of primary malignant brain tumors. Glioblastoma is more
common in older adults and is less common in children; these tumors comprise
approximately 3% of all CNS tumors reported among 0-19 year old'*®.
Glioblastoma has been found that 19.4% among high grade lesions and is 1.6
times more frequent in males. Relative survival estimates for glioblastoma are
quite low; 5.0% of patients survived five years post diagnosis®®. Most of the
studies on high grade gliomas reported 5year event free survival 46% with
combined chemo-radiotherapy and 18% when treated with radiotherapy alone.
2130 One year progression free survival of glioblastoma is 15% in this present
series and two year progression free survival 23.8% and 5year PFS 10.2% in

grade iii.

Embryonal tumors are the most frequently reported tumor type in children ages
0-4, and the second most common tumor type overall in children and

adolescents ages 0-19.

Relative survival estimates for embryonal tumors are low but vary significantly
by histology. Reviews of literature reveals that 10-year survival is 42.6% for
PNET? 46475152 and 25.9% for ATRT where as in our observation PNET being
second most frequent tumor, one and two year progression free survival is 50
and 25% respectively. In present study, there was no significant benefit either
CT or CT and RT in overall survival except in added 3months longevity by
giving RT in PNET. A 16months progression free survival by adding RT,
however this is not statistically significant. One and two year progression free
survival is 50 and 25% respectively.
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CONCLUSION

Childhood supratentorial high grade lesions are uncommon but not rare Overall
survival and progression free survival didn’t differ significantly in groups’ gross
total versus subtotal decompression and radiotherapy versus combined therapy.

Absence of large series precludes any definite conclusions on survival outcome.
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lllustrative images

Fig:1

Glioblastoma multiforme
Pre op-aand post op-b

Fig:2

PNET
Pre op-a and post op-b
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Fig:3

Choroid plexuscarcinoma
Pre op-aand post op-b
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